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Abstract
Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in reproductive-aged
women. It affects 9–18% of the female population, but often remains undiagnosed. In addition to
the common somatic comorbidities of the syndrome, including decreased fertility and hormonal
and metabolic issues, there is emerging evidence showing higher risk for psychological distress,
especially depression and anxiety, in PCOS. Furthermore, the latest studies indicate an increased
prevalence of more severe psychiatric diseases, e.g., schizophrenia, in females with PCOS. Thus,
PCOS exerts a severe health burden which decreases the health-related quality of life (HRQoL).
Despite increasing interest and research, it is still unclear how the psychological and psychiatric
health and HRQoL of women with PCOS are affected through aging up to menopause, as most
studies have been conducted on reproductive-aged women.
The main aim of this work was to assess the risk for psychological distress and decreased
HRQoL in PCOS during two different time points, at age 31 and 46, using data from the
prospective longitudinal Northern Finland Birth Cohort 1966 (NFBC66). Additionally, the longterm psychosis risk in women with PCOS was assessed by linking the NFBC66 data with the
national registers.
The results showed a higher prevalence of anxiety and/or depression symptoms in women with
PCOS at both ages. The lifetime risk for depression was nearly 2-fold higher up to age 46. PCOS
was also associated with a 3-fold higher risk for psychosis until age 50, even after adjusting for
parental history of psychosis, which is the most common risk factor. The affected women showed
a lower HRQoL up to age 46, in addition to a decreased health status and life satisfaction. The
analyses indicated that the findings could not be explained by overweight, obesity,
hyperandrogenism, or infertility.
Overall, the findings suggest that PCOS is an independent risk factor for psychological distress
up to a late reproductive age. The study showed that women with PCOS have an increased risk for
psychosis and that they experience a long-term decrease in their HRQoL. These observations
highlight the need to recognize the long-term health impacts of PCOS beyond metabolic and
fertility issues, especially regarding psychological distress and quality of life.

Keywords: aging, anxiety, depression, health-related quality of life, hyperandrogenism,
polycystic ovary syndrome, psychological distress, psychosis

Karjula, Salla, Monirakkulaisen munasarjaoireyhtymän pitkäaikaisvaikutukset
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Tiivistelmä
Monirakkulainen munasarjaoireyhtymä (PCOS) on lisääntymisikäisten naisten yleisin hormonaalinen häiriö. Sen esiintyvyys on 9–18 % naisväestössä, mutta se on yleisesti kuitenkin alidiagnosoitu. Tavallisten somaattisten liitännäisongelmien, kuten alentuneen hedelmällisyyden
sekä metabolisten vaikutusten lisäksi PCOS on näyttänyt lisääntyvässä määrin olevan yhteydessä myös psyykkisten ongelmien riskiin, esimerkiksi masennukseen ja ahdistuneisuuteen. Tämän
lisäksi viimeisimmät tutkimustulokset ovat osoittaneet, että myös vakavampien mielenterveyden sairauksien, kuten skitsofrenian, esiintyvyys on kasvanut PCOS-naisilla. PCOS aiheuttaakin
merkittävän terveysriskin naisille, mikä johtaa terveyteen liittyvän elämänlaadun laskuun.
Lisääntyneestä kiinnostuksesta ja tutkimuksista huolimatta on edelleen epäselvää, miten PCOS:n
vaikutukset psyykkiseen terveyteen ja elämänlaatuun mahdollisesti muuttuvat lähestyttäessä
vaihdevuosia, sillä aiemmat tutkimukset ovat pääasiassa käsitelleet lisääntymisikäisiä naisia.
Tämän työn päätavoite oli tutkia PCOS-naisten psyykkistä terveyttä ja elämänlaatua 31- ja
46-vuotiaina käyttäen tutkimusaineistona Pohjois-Suomen syntymäkohorttia 1966. Lisäksi
PCOS-naisten pitkäaikaista psykoosiriskiä tutkittiin hyödyntämällä syntymäkohortin lisäksi kansallisia rekisteritietoja.
Tutkimuksen tulokset osoittivat ahdistus- ja/tai masennusoireiden lisääntyneen PCOS-naisilla molemmissa aikapisteissä. Masennusriski oli lähes kaksinkertainen ikävuoteen 46 mennessä
kontrolleihin verrattuna. Psykoosiriski 50 vuoden ikään mennessä oli kolminkertainen, vaikka
huomioon otettiin vanhempien psykoosihistoria. Oireisilla naisilla myös elämänlaatu sekä itsearvioidut elämäntyytyväisyys ja terveydentila olivat heikentyneet 46-vuotiaaksi saakka. Analyysit
osoittivat myös sen, etteivät ylipaino, hypernadrogenismi tai infertiliteetti selittäneet löydöksiä.
Tutkimuksen tulokset osoittivat PCOS:n olevan itsenäinen riskitekijä psyykkisen terveyden
heikentymiselle ja elämänlaadun laskulle vaihdevuosiin saakka. Tutkimus osoitti myös psykoosiriskin olevan kohonnut. Tutkimustulokset korostavat tarvetta tunnistaa PCOS:n pitkäaikaisvaikutuksia myös metaboliaan ja lisääntymiseen liittyvien seikkojen ulkopuolelta, erityisesti koskien psyykkistä terveyttä ja elämänlaatua.

Asiasanat:
ahdistuneisuus,
hyperandrogenismi,
ikääntyminen,
masennus,
monirakkulainen munasarjaoireyhtymä, psykoosi, psyykkinen stressi, terveyteen
liittyvä elämänlaatu
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1

Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder,
affecting 6–18% of the female population (Bozdag, Mumusoglu, Zengin, Karabulut,
& Yildiz, 2016; March et al., 2010). The diagnosis of PCOS requires the presence
of two out of three findings: polycystic ovarian morphology (PCOM), oligo- or
amenorrhea, and biochemical or clinical hyperandrogenism, after excluding other
endocrinopathies (The Rotterdam ESHRE/ASRM‐sponsored PCOS consensus
workshop group, 2004).
Although the syndrome presents with a vast scale of comorbidities, the
previous literature has mainly considered PCOS a reproductive and metabolic
disorder. In recent years, emerging evidence has indicated that the syndrome is also
linked with a higher risk for psychiatric morbidity, including increased risks for
depression, anxiety, and disordered eating (Cesta et al., 2016; Cooney, Lee, Sammel,
& Dokras, 2017; Lee et al., 2019; Teede et al., 2018).
The predisposing factors behind the psychological disturbances in PCOS
remain unclear. Several PCOS-associated factors related to body image and
aesthetic concerns, such as overweight and obesity, hirsutism, acne, and femalepattern hair loss, have been suggested to play a role. Infertility and menstrual
irregularities, both common in PCOS, are also prone to cause stress (Schmid,
Kirchengast, Vytiska-Binstorfer, & Huber, 2004). Finally, multiple hormonal and
metabolic changes, including adverse body composition, impaired glucose
metabolism, and chronic inflammation, have been associated with psychiatric
morbidities in the general population and are also more commonly present in PCOS
(Anderson, Cohen, Naumova, Jacques, & Must, 2007; Glaus et al., 2018; Kan et
al., 2013; Luppino et al., 2010). Lastly, emerging evidence from recent research has
shown that PCOS may originate in a hyperandrogenic milieu in utero (StenerVictorin et al., 2020; Tata et al., 2018). Thus, prenatal androgen exposure has also
been suggested to be a significant predisposing factor for psychological
disturbances in PCOS (Stener-Victorin et al., 2019).
Despite the high prevalence of PCOS, awareness and knowledge of the
syndrome among healthcare professionals is often limited. In particular, the
psychological disturbances are poorly recognized (Dokras et al., 2017; Piltonen,
Ruokojärvi, et al., 2019). Moreover, the syndrome remains underdiagnosed,
resulting in insufficient support and inadequate treatment outcomes (Gibson-Helm,
Teede, Dunaif, & Dokras, 2017; March et al., 2010). Given that PCOS presents
with a variety of adverse, highly burdening clinical manifestations and
19

comorbidities, the health-related quality of life (HRQoL) in affected women calls
for more attention.
PCOS has life-long impacts on women’s health and well-being, although
fertility issues become less relevant when approaching menopause. Metabolic and
hormonal disturbances, on the other hand, have been shown to prevail even after
menopause (Pinola et al., 2017; Puurunen et al., 2011; Schmidt, LandinWilhelmsen, Brännström, & Dahlgren, 2011). Given that there is lack of
longitudinal, population-based studies on psychological disturbances and HRQoL,
the main purpose of this study was to assess these aspects in the Northern Finland
Birth Cohort (NFBC66) data set.
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2

Review of the literature

2.1

Polycystic ovary syndrome (PCOS)

2.1.1 Definition and prevalence
The first PCOS-like phenotype was described by Stein and Leventhal as early as
1935. They found the association between bilateral polycystic ovaries and oligoamenorrhea, and the syndrome was known first as Stein–Leventhal syndrome
(Stein & Leventhal, 1935). The first universal criteria for PCOS were developed in
1990, during a conference of PCOS experts sponsored by the National Institutes of
Health (NIH). The consensus among participants was described as follows: “the
criteria for PCOS should include (in order of importance): 1) clinical or
biochemical signs of hyperandrogenism, 2) chronic anovulation and 3) exclusion
of other possible pathologies, such as hyperprolactinemia, thyroid disorders, and
non-classic adrenal hyperplasia” (Zawadzki & Dunaif, 1992). The definition and
standardization of the PCOS criteria enabled studies where PCOS populations were
more comparable.
As awareness of the syndrome increased during the following years, it was
noted that the clinical manifestations of PCOS were broader than had been stated
in the NIH criteria. It was perceived that women with no clinical features of
hyperandrogenism might have the syndrome if they presented with PCOM and
ovulatory dysfunction. Also, it was noticed that women with regular cycles and
hyperandrogenism and/or PCOM may have the syndrome. In 2003, the new
diagnostic criteria were defined in a consensus workshop in Rotterdam. These
criteria consisted of the PCOS traits in the NIH criteria with the addition of PCOM
as a new criterion. The new diagnosis of PCOS required the presence of at least
two of the three symptoms (The Rotterdam ESHRE/ASRM-sponsored PCOS
consensus workshop group, 2004); however, hyperandrogenism was not
considered imperative for the diagnosis.
Over the years, there has been continued debate regarding the criteria for PCOS
diagnosis. Despite the establishment of the Rotterdam criteria, the Androgen
Excess and PCOS Society (AE-PCOS) has insisted on the importance of
hyperandrogenism when diagnosing PCOS (Azziz et al., 2006). The new
International PCOS Guideline, however, supports using the Rotterdam criteria for
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diagnosis (Teede et al., 2018). The three diagnostic criteria are presented in Table
1.
Table 1. Variation among diagnostic criteria for PCOS.
Diagnostic criteria
NIH

Hyperandrogenism

Oligo- or anovulation

PCOM

+

+

+

Rotterdam
Either

+

+

Or

+

+

-

Or

+

-

+

Or

-

+

+
+

AE-PCOS Society
Either

+

+

Or

+

+

-

Or

+

-

+

PCOM: Polycystic ovarian morphology; NIH: National Institutes of Health; AE: Androgen Excess

Given the possibility for different phenotypes, the prevalence of PCOS varies
depending on the population and the criteria used. When applying the NIH criteria,
the prevalence is around 6% [95% confidence interval (CI): 5–8%]. For the
Rotterdam criteria, the prevalence is higher, at approximately 10% (95% CI: 8–
13%), while in the case of the AE-PCOS criteria, the prevalence is 10% (95% CI:
7–13%) (Bozdag et al., 2016). However, some population-based studies have
reported a prevalence of PCOS as high as 18–21% when using Rotterdam criteria
(Lizneva, Suturina, et al., 2016; March et al., 2010).
2.1.2 Etiology
The etiology of the syndrome has previously remained largely unknown, but
emerging evidence suggests that PCOS has a complex multigenic background with
a combination of genetic, epigenetic, and environmental influences, including
dietary and lifestyle-related factors (Escobar-Morreale, 2018). The syndrome has
been shown to be highly heritable from mother to female offspring, as up to 70%
of daughters of PCOS-diagnosed mothers have been shown to develop PCOS-like
phenotypes by adolescence (Crisosto et al., 2019; Risal et al., 2019). Recent genetic
genome-wide association studies worldwide have identified several target genes
related to PCOS, which usually regulate gonadotropin and ovarian functions as well
as metabolic traits (Abbott, Dumesic, & Levine, 2019; Day et al., 2018). However,
22

these genetic targets are estimated to be responsible for PCOS in under 10% of
diagnosed cases (Azziz, 2016; Escobar-Morreale, 2018), meaning that other factors
may play a role.
It is well known that weight gain aggravates the symptoms of PCOS, and
higher body mass index (BMI) is linked to increased prevalence of PCOS (EscobarMorreale & Millán, 2007; Teede et al., 2013). Teede at. al. indicated that the
prevalence of PCOS for obese women was 14.3%, while for women of normal
weight it was 4.3% (Teede et al., 2013).
During recent years, it has been suggested that exposure to hyperandrogenism
during fetal development could later induce PCOS phenotypes in female offspring
(Stener-Victorin et al., 2020). Pregnant women with PCOS display
hyperandrogenism also during gestation, in addition to other hormonal alterations,
such as higher levels of Anti-Müllerian hormone (AMH) concentrations (Piltonen,
Giacobini, et al., 2019; Tata et al., 2018; Valdimarsdottir et al., 2019), reflecting the
possibility of androgen exposure in the offspring. Daughters of women with PCOS
have also shown signs of prenatal androgen exposure, such as longer anogenital
distance, compared to daughters born to non-PCOS mothers (Barrett et al., 2018).
This may reflect the early origins of the syndrome through transgenerational
transmission. In fact, a recent epidemiological study in a Nordic data setting
confirmed a higher than 5-fold risk for a daughter of a PCOS woman to later
develop PCOS (Risal et al., 2019). Animal study data suggests AMH is one of the
facilitating factors causing hyperandrogenism of the fetus (Tata et al., 2018).
More evidence supporting this theory is provided by nonhuman PCOS models
utilizing monkeys, sheep, and rodents, in which prenatal testosterone exposure
results in PCOS-like phenotypes (Abbott et al., 2008; Cimino et al., 2016; Tata et
al., 2018). Indeed, mouse and rodent models have provided important experimental
knowledge on the etiology as well as transgenerational traits of PCOS and
hyperandrogenism (Stener-Victorin et al., 2020). The epigenetic changes are
responsible for altering the gene expression without remodelling the
deoxyribonucleic acid (DNA) base-pair sequences and have also been suggested to
play a role in the pathogenesis of PCOS (Dumesic et al., 2015; Stener-Victorin,
2020). Later, however, the epigenetic changes were linked to transgenerational
transmission of the syndrome (Stener-Victorin, 2020; Xu et al., 2011).
Recent studies have shown that the androgen receptor (AR) and its modulation
toward hyperactivity, especially in the neuroendocrine system, has a crucial role in
PCOS phenotype development (Walters et al., 2018). Furthermore, silencing the
AR, specifically in the brain, seems to protect against the development of
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reproductive and metabolic features of PCOS, highlighting the importance of
neuroendocrine aspects in the pathogenesis of the syndrome (Caldwell et al., 2017).
2.1.3 Clinical features
Hirsutism
Even though it is not mandatory for the diagnosis, hyperandrogenism does play a
central role in PCOS and has been estimated to occur in over 60% of affected
women (Livadas et al., 2014; Teede et al., 2018). It is also the most heritable
phenotypic trait of PCOS (Legro, Driscoll, Strauss, Fox, & Dunaif, 1998; Livadas
et al., 2014). In practice, hyperandrogenism can be described as either biochemical
or clinical. In the case of biochemical hyperandrogenism, various androgens,
including testosterone and weaker androgens like androstenedione (A),
dehydroepiandrosterone (DHEA), and dehydroepiandrosterone sulfate (DHEAS,
exclusive to the adrenals), have elevated serum concentrations in PCOS due to an
overactivity of the ovaries and the adrenal cortex in response to their regulatory
hormones (Lizneva, Gavrilova-Jordan, Walker, & Azziz, 2016). The current gold
standard for measuring total testosterone is mass spectrometry, due to very low
circulating testosterone levels in women compared to men (Teede et al., 2018).
However, according to recent guidelines, a well-performing radioimmunoassay
(RIA) is also an acceptable measurement method (Teede et al., 2018).
The excessive ovarian androgen secretion is of theca cell origin (Nelson et al.,
2001) whereas in the adrenals, zona reticularis is the main contributor (Azziz, Black,
Hines, Fox, & Boots, 1998). The number of theca cells in the PCOS ovary has been
shown to be increased, and the adrenal cortex activation is higher than in non-PCOS
women (Puurunen et al., 2009). Moreover, increased luteinising hormone (LH) or
biosimilar human chorionic gonadotrophin (hCG) promotes higher androgen
secretion in PCOS women compared to non-PCOS controls (Piltonen et al., 2004;
Rosenfield & Ehrmann, 2016). Androgen secretion can also be promoted by insulin,
AMH and inflammation (Dumesic et al., 2015; Fox et al., 2019; Liu et al., 2019).
The hypothalamus–pituitary axis, on the other hand, presents with desensitized
negative feedback shown as decreased response to estrogens and progesterone
(McCartney, Eagleson, & Marshall, 2002; Pastor, Griffin-Korf, Aloi, Evans, &
Marshall, 1998). Moreover, AMH seems to have an excitatory role in
gonadotropin-releasing hormone (GnRH)-neuron activation, also contributing to
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high LH secretion (Cimino et al., 2016). In summary, LH pulse amplitude and
frequency are increased, further inducing ovarian hyperandrogenism (Walters et al.,
2018). Despite the age-related decline in androgen levels in females, including
women with PCOS, hyperandrogenism in affected women seems to persist even
after menopause, underlining the role of the adrenals in androgen secretion in
postmenopausal women (Markopoulos, Kassi, Alexandraki, Mastorakos, & Kaltsas,
2015; Puurunen et al., 2011).
Clinical hyperandrogenism most commonly manifests as an excess of body
hair in male-type areas (hirsutism). In a clinical setting, PCOS is the main cause of
hirsutism in women, although there are ethnic differences in the severity of
hirsutism (Lizneva, Gavrilova-Jordan, et al., 2016; Yildiz, Bolour, Woods, Moore,
& Azziz, 2009). On the other hand, the commonly used Ferriman–Gallwey (FG)
score cutoff value of 7 has been shown to be generally too high, and thus the recent
International PCOS guideline recommends using a cutoff of 4–6 (Teede et al.,
2018). Other clinical signs of hyperandrogenism, such as acne and androgenrelated alopecia (female-pattern hair loss), are important to assess due their high
aesthetic value to women. However, they are not considered reliable enough when
determining hyperandrogenism and therefore are not included in the PCOS criteria
(Lizneva, Gavrilova-Jordan, et al., 2016).
Ovarian morphology and disrupted follicle maturation
The ovaries of women with PCOS usually present with an excessive number of
small antral follicles resulting from disrupted follicle maturation (Webber et al.,
2003). Theca cell hyperandrogenism, which is further induced by LH
hypersecretion, has been shown to be partially responsible for the increased number
of gonadotropin-independent preantral and small antral follicles (Jonard &
Dewailly, 2004; Nisenblat & Norman, 2009). Moreover, diminished folliclestimulating hormone (FSH) levels in PCOS directly inhibit the development and
maturity of follicles, hinder the selection of a dominant follicle, and lower the
success rate of ovulation (Stener-Victorin et al., 2020; Taylor et al., 1997).
Women with PCOS have up to 3-fold higher levels of AMH compared to
women with normal ovaries, mostly due to the large number of small antral follicles
(Pigny, Jonard, Robert, & Dewailly, 2006). AMH plays a complex role in follicle
maturation and is known to restrict both primordial follicle recruitment and antral
follicle development (Dewailly et al., 2014). AMH measurements have been
suggested as an alternative tool to vaginal ultrasound in diagnosing PCOM, as
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AMH levels reflect the number of small antral follicles (Fraissinet et al., 2017).
However, there is still a lack of reliable cutoff values and assay methods, and
therefore AMH is not yet considered an official diagnostic tool (Teede et al., 2019).
PCOM was included in the Rotterdam diagnosis criteria in 2003. According to
the Rotterdam criteria, PCOM features at least 12 follicles measuring 2–9 mm
throughout the entire ovary or an ovarian volume of at least 10 cm3 (The Rotterdam
ESHRE/ASRM-sponsored PCOS consensus workshop group, 2004). The clinical
challenge relies on the fact that PCOM is highly prevalent in young women, as up
to 70% of adolescent women have PCOM. This, among other diagnostic issues, led
to a discussion regarding the possible modification of the criteria (Kristensen et al.,
2010). Due to recent improvements in ultrasonography imaging of the ovaries, the
latest recommendation of the international guideline states that the number of
follicles per ovary should be 20 or more when using transvaginal ultrasound (8
MHz probe) (Teede et al., 2018). Moreover, the PCOM diagnosis should not be
established earlier than 8 years after menarche (Teede et al., 2018).

Fig. 1. The typical appearance of PCOM in ultrasonography.

Menstrual irregularities
Ovulatory dysfunction leading to menstrual irregularity is one of the key features
of PCOS and, thus, is uniformly included in all criteria (Azziz et al., 2016; Teede,
Deeks, & Moran, 2010). Of all women with PCOS, up to 70–80% have either
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oligomenorrhea or amenorrhea (Brassard, AinMelk, & Baillargeon, 2008). The
cycle irregularity is due to disrupted follicle maturation, selection, and development,
leading to anovulation in affected women (Franks, Stark, & Hardy, 2008; Webber
et al., 2003). Anovulation leads to an absence of corpus luteum and a lack of
progesterone in the endometrium. The impaired endometrial cycle and absence of
the secretory phase and window of implantation cause dysfunctional bleeding and
decrease fertility (Brassard et al., 2008; Franks, Adams, Mason, & Polson, 1985).
In the recent PCOS guideline, oligo-amenorrhea was defined as a cycle length
of less than 21 days or more than 35 days or having fewer than eight cycles per
year (Teede et al., 2018). Ovulatory dysfunction and irregular cycles also typically
occur during pubertal and menopausal transitions, thus making it difficult to define
menstrual disturbances at these ages and further complicating the diagnosis of
PCOS (Ibáñez et al., 2017; Teede et al., 2018). On the other hand, it has been shown
that women with PCOS may achieve regular cycles at late reproductive years, so
in these cases the diagnosis would be based on retrospective information (Elting,
Kwee, Korsen, Rekers-Mombarg, & Schoemaker, 2003; Teede et al., 2018).
Finally, the evaluation of menstrual cycles themselves poses challenges, as the
information is anamnestic with a possibility for recall bias. So far, there has not
been consistent evidence defining when menstrual irregularities become clinically
relevant in the context of PCOS among adolescents. However, a period of more
than 2 years after menarche has commonly been used (Ibáñez et al., 2017).
2.1.4 Comorbidities
To date, PCOS has been linked with several comorbidities (Fig. 2). Initially,
however, PCOS was defined as a reproductive syndrome, mainly because it is the
most common cause for anovulatory fertility (Franks et al., 1985). During the 1980s,
it was also recognized that PCOS results in a higher risk for certain metabolic
conditions, such as obesity and insulin resistance (Chang, Nakamura, Judd, &
Kaplan, 1983; Dunaif, Segal, Futterweit, & Dobrjansky, 1989). Later, it became
evident that women have a 2–4-fold higher risk for metabolic syndrome,
dyslipidaemia, type 2 diabetes, gestational diabetes, cardiovascular diseases,
nonalcoholic fatty liver diseases, obstructive sleep apnea, and endometrial cancer
(Barry, Azizia, & Hardiman, 2014; Glintborg, Rubin, Nybo, Abrahamsen, &
Andersen, 2015; Hart & Doherty, 2015; Kahal, Kyrou, Tahrani, & Randeva, 2017;
Legro, Kunselman, Dodson, & Dunaif, 1999; Rocha et al., 2017).
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In the 21st century, the syndrome has also been shown to have a considerable
impact on the psychological health of the women, due to increased risk for
depression, anxiety, and eating disorders such as binge eating disorder and bulimia
(Cesta et al., 2016; Cooney et al., 2017; Lee et al., 2019; Månsson et al., 2008). In
addition, recent studies have found women with PCOS have a higher risk for
neuropsychiatric diseases such as attention-deficit/hyperactivity disorder (ADHD),
tics, and autism spectrum disorder (ASD) (Berni, Morgan, Berni, & Rees, 2018;
Cesta et al., 2016; Cherskov et al., 2018; Hergüner, Harmanci, & Toy, 2015).
However, the latest studies have suggested PCOS is a predisposing condition for
more severe psychiatric diseases, such as bipolar disorder, personality disorders,
obsessive–compulsive disorder, and schizophrenia (Brutocao et al., 2018; Cesta et
al., 2016; Chen, Yang, Hsu, & Shen, 2020).
2.1.5 Treatment of PCOS symptoms and PCOS-related metabolic and
reproductive health outcomes
Lifestyle
The first line of treatment for PCOS is lifestyle intervention. Usually this includes
both diet and exercise, as well as weight management, i.e., reducing weight while
also preventing further weight gain (Teede et al., 2018). It has been shown that
lifestyle interventions that reduce weight by as little as 5% of the total body weight
are effective in improving metabolic, reproductive, and psychological function in
PCOS (Clark et al., 1995; Moran, Noakes, Clifton, Tomlinson, & Norman, 2003;
Thomson et al., 2010).
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Fig. 2. Women with PCOS present with several comorbidities beyond the core
symptoms.

Pharmacological treatment
Medication plays a considerable role in treating PCOS symptoms. Combined oral
contraceptive pills (COCP) are the recommended second-line treatment for
irregular cycles and hyperandrogenism in both adults and adolescents with PCOS
(Teede et al., 2018). Other commonly used pharmacological treatments include
insulin sensitizer metformin, which has been shown to exert its function through
decreasing gluconeogenesis, lipogenesis and enhancing glucose uptake in tissues,
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e.g., liver, skeletal muscle, and adipose tissue (Viollet et al., 2012). Metformin use
has proved to be effective in lowering weight, as well as lowering testosterone and
improving glucose metabolism. Thus, it is often recommended for overweight
women with PCOS. Indeed, the new PCOS guideline advocates for the combined
use of metformin and COCP especially for overweight and obese women. (Teede
et al., 2018). Metformin has also been shown to improve menstrual irregularities
and ovulation, thereby increasing pregnancy rates (Morin-Papunen et al., 2012;
Morley, Tang, Yasmin, Norman, & Balen, 2017). However, the use should be
initiated well before conception and the medication should be stopped upon
achieving a positive pregnancy test (Morin-Papunen et al., 2012). The new obesity
drugs, especially glucagon-like peptide-1 (GLP-1) receptor agonist, have
promising results when treating women with PCOS. However, their use is still
limited due to high price and limited availability (Cena, Chiovato, & Nappi, 2020;
Wang et al., 2018).
Antiandrogenic medications (spironolactone/finasteride) combined with
COCP are used especially for hirsutism, acne and alopecia, generally (Hagag,
Steinschneider, & Weiss, 2014; Teede et al., 2018). However, the data is somewhat
limited. Another limitation for the use of these drugs is the possibility of
feminization of male offspring. Therefore, this medication requires simultaneous
use of a reliable (preferably hormonal) contraceptive method. Some of the
antiandrogens may also promote alterations in liver metabolism (finasteride) or in
electrolytes (spironolactone), and therefore careful monitoring is required.
Management of infertility
In case of anovulation and subfertility, weight management is again the most
important tool. Weight reduction and management enable regular ovulation,
facilitating conception, but also reduce the risk of pregnancy complications (Clark
et al., 1995; Teede et al., 2018). According to the new PCOS guideline, aromatase
inhibitor letrozole is the first-line medical treatment for anovulation (Teede et al.,
2018).
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2.2

Definition and epidemiology of depression, anxiety disorders,
and psychosis

2.2.1 Depression
The rising global burden of mental health disorders, including depression, results
in a decrease or loss in the ability to function, while also highly affecting mortality
(Ferrari et al., 2013; Walker, McGee, & Druss, 2015). Furthermore, depression has
been ranked the leading single cause of long-term disability (Ferrari et al., 2013;
World Health Organization, 2018). Depression is a significant cause of permanent
inability to work and early retirement, which increases the economic burden on
society (Amiri & Behnezhad, 2019a). Furthermore, mental disorders are the largest
reason, among women, for receiving sickness benefits in Finland
(Kansaneläkelaitos, 2020).
There are two different diagnostic systems currently used for depression
diagnosis. The International Classification of Diseases, 10th revision (ICD-10), is
widely used in healthcare in many countries, although the Diagnostic and Statistical
Manual, fifth edition (DSM-5) is more often utilized in research. The ICD-10
Classification of Mental and Behavioural disorders (World Health Organization,
1993) defines a depressive episode as presenting at least two of the following three
symptoms: depressed mood for most of the day and almost every day, loss of
interest in activities that a person typically enjoys, and fatigue or decreased energy.
Additionally, at least one of the following symptoms should be present: loss of
confidence or self-esteem; excessive and inappropriate feelings of guilt; recurrent
thoughts of death, suicide or suicidal behavior; diminished ability to think or
concentrate; agitation or retardation; sleep disturbances; changes in appetite; and
weight change.
In contrast to ICD-10, the diagnosis of major depressive disorder (MDD),
according to DSM-5, requires the presence of at least one of the two following
symptoms: depressed mood or loss of interest in activities that a person typically
enjoys (i.e. anhedonia), for most of the day and nearly every day. Additionally, the
person should have at least five other symptoms, including fatigue or decreased
energy, and otherwise an identical list of symptoms to that in ICD-10. The DSM-5
criteria also requires that the depression causes significant stress and functional
impairment (Uher, Payne, Pavlova, & Perlis, 2014).
Both diagnostic systems require a duration of at least two weeks of the
symptoms. The severity of depression is categorized as mild, moderate, or severe
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based on the severity and number of symptoms. In addition, differing from
diagnoses of pure depression, bipolar affective disorder typically consists of both
fluctuating periods of depressive episodes and manic or hypomanic episodes that
appear as an abnormal elevated mood and increased energy (Uher et al., 2014;
World Health Organization, 1993).
The prevalence of depression varies greatly between countries due to multiple
demographic factors. The 12-month prevalence of MDD in the general population
worldwide is shown to be approximately 6% (Bromet et al., 2011; Kessler &
Bromet, 2013), while in Finland it was estimated to be 7.4% (Markkula et al., 2015).
The lifetime risk of depression has shown to be 15–18% (Malhi & Mann, 2018). It
has been widely noted in previous studies that women are more susceptible to
depression than men and twice as likely to meet the criteria of depressive disorder
(Markkula et al., 2015; Salk, Petersen, Abramson, & Hyde, 2016). The average
median age of onset of the first episode of depression is 25 years [18–43 (25%,
75%)], which reflects the early development of the disorder. Almost 40% of first
depression episodes occur before the age of 20 (Malhi & Mann, 2018). The
pathophysiology of depression is shown to be complicated and multifactorial,
including biological and psychosocial predisposing factors, although emerging
evidence indicates that there is no single model or mechanism that fully explains
the causes of depression (Malhi & Mann, 2018).
The duration of the symptoms and diseases varies from person to person,
ranging from a single-episode disease to a chronic and persistent form. Usually,
depression episodes last 3–6 months with treatment, and most patients recover
within 12 months (Keller et al., 1992). Despite the good short-term prognosis, the
lifetime recurrence risk is high and almost 80% of patients experience at least one
further episode (Spijker et al., 2002), and up to 27% of patients develop a chronic
illness (Boschloo et al., 2014).
2.2.2 Anxiety
On a global scale, anxiety disorders are the most common form of mental health
conditions, inflicting a substantial health burden and being the sixth largest global
cause of disability (Baxter, Vos, Scott, Ferrari, & Whiteford, 2014; Kessler, Ruscio,
Shear, & Wittchen, 2010; World Health Organization, 2018). The symptoms of
anxiety disorder often disrupt daily activities, including work, education, social
interactions, and relationships (Baxter et al., 2014).
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Different anxiety disorders are described in DSM-5 and ICD-10 according to
their main symptoms: separation anxiety disorder, selective mutism, specific
phobias, social anxiety disorder, panic disorder, agoraphobia, and generalized
anxiety disorder. A common manifestation of all anxiety disorders is excessive fear,
anxiousness, and avoidance of perceived threats in the environment or internal to
oneself. In contrast to regular fear and anxiety appearing in everyday life, in anxiety
disorders the reactions are persistent and excessive in terms of the actual risk or
danger posed and are further associated with decreased function in social,
occupational, or other important aspects of life (Craske et al., 2009).
The global prevalence of anxiety disorders has been estimated to be 7.3%, and
11.6% for the 12-month prevalence (Baxter, Scott, Vos, & Whiteford, 2013). The
prevalence is, however, highly variable between countries and seems to be higher
in the USA and Europe than elsewhere in the world. As with depression, women
are at a 2-fold higher risk for developing anxiety disorders. In most cases, anxiety
disorders affect young people, as the mean onset age has been shown to be 21.3
years (95% CI: 17.5–25.1) (De Lijster et al., 2017).
Risk factors for anxiety disorders are mostly shared with other mental health
conditions and include age, ethnicity, stressful life events, personality, and parental
history of mental disorders, as well as early developmental and prenatal factors
(Moreno-Peral et al., 2014). Genetic factors have also been detected recently
(Shimada-Sugimoto, Otowa, & Hettema, 2015).
Although treatments, including cognitive behavioral therapy (CBT) and/or
pharmacologic treatment with serotonin sensitive reuptake inhibitors (SSRI) and
serotonin–norepinephrine reuptake inhibitors (SNRI), have been shown to be
effective for anxiety disorders, relapses are common in up to 40% of cases
(Ginsburg et al., 2014; Ravindran & Stein, 2010). Comorbid depression often
occurs with anxiety disorders (Kessler, Wai, Demler, & Walters, 2005) and,
conversely, anxiety disorders are a strong risk factor for depressive disorder,
especially for women (Parker & Hadzi-Pavlovic, 2004).
2.2.3 Psychosis
Psychoses are commonly considered the most severe mental disorders, of which
schizophrenia is the most common and most severe. Common for all psychoses is
a deteriorating sense of reality with varying psychotic symptoms, including
hallucinations, delusions, and thought disturbances (World Health Organization,
1993). Specific to schizophrenia is a decline in cognitive abilities that causes
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disabilities in social and occupational function (World Health Organization, 1993).
The duration of schizophrenia is typically longer than that of other psychotic
diseases, and following adequate treatment the recovery rate remains as low as 13.5%
(Jääskeläinen et al., 2013). Other psychoses include schizophreniform disorder,
delusional disorder, brief/acute and transient psychotic disorders, schizoaffective
disorder, other nonorganic psychosis, unspecified nonorganic psychosis, bipolar
disorder, and depression with psychotic symptoms.
The incidence of psychotic diseases varies between populations. The
international incidence of all psychoses is 26.6 per 100 000 person-years (Jongsma,
Turner, Kirkbride, & Jones, 2019). In the Finnish Health 2000 study, the lifetime
prevalence for schizophrenia was 0.9% and the lifetime prevalence for other
psychotic disorders was 3.0% (note that substance-induced psychotic disorders and
disorders due to a general medication were included; Perälä et al., 2007). Males
have a higher incidence of psychosis, with a 1.4–2.3-fold ratio (Jongsma et al., 2019;
Kirkbride et al., 2006; McGrath et al., 2004). For men, the highest incidence of
schizophrenia occurs between the ages of 20 and 24, while for women it is between
the ages of 25 and 29 (Häfner, 2003; Kirkbride et al., 2012). However, after the age
of 40 the incidence of psychoses has been suggested to increase for women,
especially in early studies (Kirkbride et al., 2012, 2006). However, a recent review
by Van der Werf et al. did not detect such a rise in psychosis cases (Van Der Werf
et al., 2014). Affective psychoses are thought to occur in almost equal numbers for
both genders (Kirkbride et al., 2012), although some studies have claimed the
incidence is higher for women (Jongsma et al., 2019).
2.3

Health-related quality of life

There are multiple definitions of quality of life (QoL), and several tools have been
developed to measure it. The World Health Organization (WHO) has defined QoL
“as an individual's perception of their position in life in the context of the culture
and value systems in which they live and in relation to their goals, expectations,
standards, and concerns. It is a broad ranging concept affected in a complex way
by the person's physical health, psychological state, personal beliefs, social
relationships, and their relationship to salient features of their environment” (Word
Health Organization, 1998).
The HRQoL was developed to be used in clinical care and research to associate
current health with quality of life. It is an individual’s own estimation of their wellbeing, including how they experience the impacts of diseases or symptoms (Guyatt,
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Feeny, & Patrick, 1993; Hays & Morales, 2001). It consists of three main
components: physical, psychological, and social well-being. The term HRQoL is
also considered by some to extend to broader aspects of an individual’s life that
potentially affect health, such as income, freedom, and quality of the environment
(Guyatt et al., 1993).
2.4

Self-rated health status and life satisfaction

Self-rated health status is a person’s subjective perception of their current health.
Measuring self-rated health has been shown to be a relevant indicator of both
physical and mental health (Breidablik, Meland, & Lydersen, 2008; Jylhä, 2009;
Manor, Matthews, & Power, 2001). The self-rated health status is based on a simple
question (for which the wording may vary) asking the individual to evaluate their
health status on a 4- or 5-point scale and compare it to that of their peers of similar
age (Jylhä, 2009). According to previous studies, answers to the question on selfrated health are strong predictors for mortality (Ganna & Ingelsson, 2015;
Miilunpalo, Vuori, Oja, Pasanen, & Urponen, 1997; Vie, Hufthammer, Meland, &
Breidablik, 2019), morbidity (Manor et al., 2001; Perruccio, Katz, & Losina, 2012),
and use of healthcare services (Hetlevik, Vie, Meland, Breidablik, & Jahanlu, 2019;
Tamayo-Fonseca et al., 2015). However, complex and multifaceted background
factors affect the self-rated health status, including current health problems,
psychosocial and economic factors, gender, age, and environment (Au & Johnston,
2014; Frijters & Ulker, 2008; Jylhä, 2009).
Although the self-rated health status is a comprehensive estimate of individual
health, which other specific tools are not able to reach, it does not include specific
information on which areas of health are most affected. A study by Au and Johnson,
using the 36-Item Short Form Health Survey (SF-36) HRQoL instrument, found
that the dimension of vitality, which was described as feeling full of life and
energetic was the strongest factor associated to self-rated health, while the next
most important considerations were physical functioning and bodily pain (Au &
Johnston, 2014). The importance of vitality in self-rated health is also supported by
other studies (Andersen & Lobel, 1995; Benyamini, Idler, Leventhal, & Leventhal,
2000).
Life satisfaction is the comprehensive evaluation of an individual’s life based
on subjective and cognitive perception (Diener, 1994). Life satisfaction has been
associated with multiple serious events of health such as both somatic and
psychiatric disability and morbidity, as well as mortality and suicide, in previous
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studies (Feller, Teucher, Kaaks, Boeing, & Vigl, 2013; Koivumaa-Honkanen et al.,
2000, 2001; Koivumaa-Honkanen et al., 2004).
No single established method for assessing life satisfaction exists. The methods
that do exist, however, include life satisfaction evaluation principles based on a
single question, such as that developed by Andrews and Withey (1976): “How do
you feel about your life as a whole?” Generally, single-item scales have been quite
crude, although they have been shown to give valid results. In addition, there are
several multi-item scales, e.g., the five-item satisfaction with life scale (SWLS) by
Diener et al., which has been frequently used in research (Cheung & Lucas, 2014;
Diener, Emmons, Larsem, & Griffin, 1985).
In previous studies, individuals’ perceptions of life satisfaction have been
shown to be affected by a wide range of sociodemographic characteristics, e.g.,
employment, marital status, education, and health behaviors (Fernandez & Kulik,
1981; Korkeila, Kaprio, Rissanen, Koskenvuo, & Sörensen, 1998; Lucas, Clark,
Georgellis, & Diener, 2004; O’Dea, Hunter, & Anjos, 1999; Rissanen et al., 2013;
Schimmack, Radhakrishnan, Oishi, Dzokoto, & Ahadi, 2002; Schoon, Hansson, &
Salmela-Aro, 2005).
The impacts of age and gender on life satisfaction are somewhat inconclusive,
according to the previous literature. Life satisfaction has been suggested to increase
when approaching old age, despite concurrent health impairments. Multiple recent
studies conducted in Europe and the United States have detected a U-shaped change
in life satisfaction, suggesting a decrease at middle age and a subsequent increase
when approaching retirement age (Blanchflower & Oswald, 2008; Steptoe, Deaton,
& Stone, 2015; Stone, Schwartz, Broderick, & Deaton, 2010). However, the results
of studies of age and life satisfaction have varied and remain inconclusive, and are
probably affected by cultural and national differences (Baird, Lucas, & Donnellan,
2010; Mehlsen, Thomsen, Viidik, Olesen, & Zachariae, 2005; Steptoe et al., 2015).
Tests for gender differences in life satisfaction have also shown mixed results
(Koivumaa-Honkanen, Kaprio, Honkanen, Viinamäki, & Koskenvuo, 2005; O’Dea
et al., 1999).
Finally, physical diseases and symptoms decrease life satisfaction, especially
in cases where they cause disability. Psychological problems, especially depression
and anxiety, have been shown to be the strongest modifiers of life satisfaction
(Strine, Chapman, Balluz, Moriarty, & Mokdad, 2008; Vázquez, Rahona, Gómez,
Caballero, & Hervás, 2014). Evidence from recent studies has also highlighted the
impact of the bidirectional effect of subjective well-being on health outcomes (R.
T. Howell, Kern, & Lyubomirsky, 2007; Pressman & Cohen, 2005).
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2.4.1 Health status and life satisfaction in women with PCOS
Only a few studies have assessed life satisfaction in women with PCOS. A study
by Rzońca et al. (2018) indicated that life satisfaction is lower in women with
PCOS compared to women without PCOS. The study showed associations of
decreased life satisfaction with higher BMI and longer time since PCOS diagnosis.
They also found that having children, satisfaction with one’s socioeconomic status,
and a higher QoL were linked to a higher life satisfaction (Rzońca, Bień, Wdowiak,
Szymański, & Iwanowicz-Palus, 2018). However, another study found no
association between life satisfaction and PCOS, using the Diener SWLS, although
they observed increased levels of psychological distress (Cipkala-Gaffin, Talbott,
Song, Bromberger, & Wilson, 2012). There are no previous studies assessing selfreported health status in women with PCOS.
2.5

Psychological disturbances in PCOS

Women with PCOS have been shown to be at an increased risk for psychological
distress, especially depression and anxiety, which has been noted in the
international PCOS guideline (Cooney et al., 2017; Teede et al., 2018).
Unfortunately, this comorbidity is poorly recognized by healthcare personnel
(Gibson-Helm, Dokras, Karro, Piltonen, & Teede, 2018; Piltonen, Ruokojärvi, et
al., 2019). The pathophysiological mechanisms behind the higher psychiatric
comorbidity is still somewhat unclear, although it is likely to be complex and
multifactorial. Psychological distress has an impact on HRQoL, in the general
population and in women with PCOS specifically (Gao, Su, Sweet, & Calabrese,
2019; Greenwood, Pasch, Cedars, Legro, & Huddleston, 2018).
Factors predisposing these women to psychological distress have been
suggested, in many studies, to include common PCOS symptoms such as obesity,
hirsutism, and infertility (Cooney & Dokras, 2017). To explain the mechanisms
behind the psychological pathologies, increased interest has recently been directed
toward the biochemical and metabolic factors of PCOS, e.g., hyperandrogenism,
insulin resistance, dyslipidaemia, abnormalities in the pituitary–hypothalamic axis,
and chronic inflammation (Farrell & Antoni, 2010), although the results have
varied (Cinar et al., 2011; Greenwood, Pasch, Cedars, Legro, Eisenberg, et al., 2018;
Greenwood, Pasch, Shinkai, Cedars, & Huddleston, 2015). Recent animal studies
suggest that prenatal androgen exposure may be behind the psychiatric morbidity
(Stener-Victorin et al., 2019). One study showed that psychological distress in
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women with PCOS seems to be persistent at all ages; however, this has not yet been
replicated in other studies (Greenwood, Yaffe, Wellons, Cedars, & Huddleston,
2019).
It is necessary to assess the predisposing factors for psychological distress in
PCOS to enable effective treatment options and guidelines. Overall, this will help
reduce the psychological health impairment of affected women.
2.5.1 Prevalence of depression and anxiety in women with PCOS
Previous studies have shown an increased risk for depressive symptoms [odds ratio
(OR) 3.78; 95% CI: 3.03–4.72], for severe/moderate depression symptoms (OR
4.18, 95% CI: 2.68–6.52), for anxiety symptoms (OR 5.62; 95% CI: 3.22–9.80),
and for moderate/severe anxiety symptoms (OR 6.55; 95% CI 2.87–14.93) in
women with PCOS. The median prevalence of depression was reported as 36.6%
in women with PCOS, compared to 14.2% in the control group. For anxiety, the
prevalence was 36.6% in the PCOS group and 8.5% in the control group (Cooney
et al., 2017).
Most previous studies include selection bias, as the patients were recruited
from clinics. However, the findings of a higher risk of psychological distress in
women with PCOS are also supported by longitudinal and population-based studies
(Glintborg et al., 2015; Greenwood, Yaffe, et al., 2019; Hart & Doherty, 2015; Hung
et al., 2014). In addition, the studies in which depression and anxiety were
confirmed by a physician showed an increased risk for depression and generalized
anxiety disorder (Månsson et al., 2008).
2.5.2 Risk for psychosis in women with PCOS
Beyond the widely noted depression and anxiety symptoms in women with PCOS,
there are only a few studies regarding more severe psychiatric disorders linked to
PCOS. Two previous studies reported a higher risk for schizophrenia in affected
women, with a 1.63-fold higher risk in a Swedish register-based study (Cesta et al.,
2016). A Taiwanese study indicated a risk as high as 6.93-fold (Chen et al., 2020),
whereas another population-based Taiwanese study did not find an increased risk
for schizophrenia during a 8-year median follow-up time (Hung et al., 2014). The
risks of other psychoses have not been published, although some studies have
indicated higher scores for psychopathology symptoms related to psychoticism in
women with PCOS (Borghi et al., 2017; Elsenbruch et al., 2003). Additionally,
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some case reports have been published suggesting a link between psychosis and
PCOS (Andreou, Syngelakis, & Karavatos, 2008; Genovese, Smith, Kramer, &
Augustyn, 2016; Kopala et al., 1997; Pethö, Karczag, & Czeizel, 1982).
2.5.3 Long-term mental health risks in PCOS
With aging, some PCOS-related symptoms, such as irregular menstruation, are
alleviated due to diminishing ovarian reserves. However, only a few studies assess
the change in other PCOS features, such as clinical hyperandrogenism (acne,
hirsutism, and female-pattern hair loss). Even though serum androgen levels
decrease over time (Piltonen et al., 2004; Pinola et al., 2015; Puurunen et al., 2011).
Although unfavorable metabolic changes also become more prevalent for nonPCOS women when approaching menopause, women with PCOS are still generally
more overweight and metabolically compromised (Pinola et al., 2017; Puurunen et
al., 2011; Schmidt et al., 2011). Nevertheless, evidence from longitudinal studies
with elderly women with PCOS is still limited.

Fig. 3. The characteristics of PCOS across the life span.

Typically, for the general population, psychological distress decreases and, in
particular, the risk for depression ameliorates with aging, especially after the age
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of 45 (Eaton et al., 1997; Kessler et al., 2003). However, menopause can also bring
psychological morbidity to some, leading to a peak of psychological disturbances
compared to premenopausal women (Bromberger et al., 2010; Hu et al., 2016). At
the same time, some studies have not indicated depressive and/or anxiety disorders
during menopausal transition (Rössler, Ajdacic-Gross, Riecher-Rössler, Angst, &
Hengartner, 2016). Also, the risks for psychosis and schizophrenia were shown to
increase after the age of 45 in women generally, possibly due to estrogen deficiency
associated with menopause (Kirkbride et al., 2012).
There has long been a noteworthy gap in knowledge regarding the long-term
mental health consequences in women with PCOS. It has been suggested that
younger women and adolescents are more susceptible to developing psychological
distress (Veltman-Verhulst, Boivin, Eijkemans, & Fauser, 2012), but relevant
studies, which include suitably aged participants, are again limited, thus reducing
the credibility of these findings.
As for longitudinal studies, a Taiwanese population-based register study found
higher incidence rates of depression and anxiety disorders among women
diagnosed with PCOS. The median age was 26.7 and the mean follow-up time was
5 years. However, the incidence of schizophrenia was not increased compared to
controls during this follow-up period (Hung et al., 2014). In addition, two previous
longitudinal studies, with mean follow-up times of 5.5 and 1.8 years, supported the
long-lasting psychological distress of PCOS women and indicated a 63–65% rate
of persistent depression (Greenwood, Pasch, Shinkai, Cedars, & Huddleston, 2019;
Kerchner, Lester, Stuart, & Dokras, 2007).
A large population-based study from the USA assessed depression symptoms
in women with PCOS, with follow-up time ranging from 5 to 30 years (Greenwood,
Yaffe, et al., 2019). The age range of women at the end of the study was 48–60
years, the oldest PCOS population described so far regarding mental distress. The
study revealed that women with PCOS had higher risk for depression symptoms
over their lifespan. However, the decline in depression symptomology with age was
similar to that of women without PCOS (Greenwood, Yaffe, et al., 2019).
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2.6

PCOS features predisposing to psychological disturbances

2.6.1 Obesity
According to WHO criteria, weight-to-height ratio (kg/m2) or BMI can be divided
into the following categories: underweight (<18.5 kg/m2), normal weight (18.5 to
<25.0 kg/m2), overweight (≥25.0 kg/m2), and obese (≥30.0 kg/m2) (World Health
Organization, 2000). Obesity is a common morbidity in PCOS, with over 70%
prevalence reported in the United States (Yildiz, Knochenhauer, & Azziz, 2008). In
other parts of the world, the prevalence is approximately 50% (Dumesic et al.,
2015). Obesity has been shown to be associated with depression and anxiety in the
general population among females (Allison et al., 2009; Anderson et al., 2007;
Luppino et al., 2010); thus, it is assumed to be linked to depression and anxiety risk
also in PCOS. Notably, the link between obesity and psychiatric disorders has been
shown to have a stronger impact on the female population (Amiri & Behnezhad,
2019a; D. Barry, Pietrzak, & Petry, 2008). Women are more likely than men to
suffer from the stigma associated with obesity and high body weight, and are
therefore more inclined to develop anxiety regarding their body image (Chen &
Brown, 2005).
Indeed, distress related to body image has been suggested to mediate the risk
for anxiety and depression in PCOS (Alur-Gupta et al., 2019). Higher BMI has
been shown to be associated with the risk for psychological distress in PCOS (Adali
et al., 2008; Cinar et al., 2011; Cooney et al., 2017). A study by Greenwood et al.
showed, in a prospective assessment with an average follow-up period of 5.5 years,
that high BMI increases the risk of depression in women with PCOS. Additionally,
BMI of 30 or more at the baseline increased the risk for depression 5-fold in the
same study (Greenwood, Pasch, et al., 2019). However, there are also studies that
show no correlation between psychological distress and BMI (Hahn et al., 2005).
Overall, PCOS has been shown to be a substantial independent risk factor, even
after adjusting for BMI. This confirms that BMI does not have a causal connection
to the higher psychological distress in these women (Bhattacharya & Jha, 2010;
Cooney et al., 2017; Deeks, Gibson-Helm, Paul, & Teede, 2011; Hollinrake, Abreu,
Maifeld, Van Voorhis, & Dokras, 2007).
The association between obesity and psychological distress, such as depression
and anxiety, is most likely bidirectional (Amiri & Behnezhad, 2019b; Mannan,
Mamun, Doi, & Clavarino, 2016). Therefore, obesity might predispose to
psychological distress while psychological distress predisposes to obesity, leading
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to emotional or stress-related eating (Konttinen, Männistö, Sarlio-Lähteenkorva,
Silventoinen, & Haukkala, 2010; Laitinen, Ek, & Sovio, 2002).
The complete mechanism behind the risk for mood disturbances is still unclear,
but many possible factors may be involved, such as behavior and lifestyle, as well
as biochemical, inflammatory, and genetic factors. Some factors that are often
associated with obesity have been linked to depression, e.g., body image
dissatisfaction, stigmatization of obesity, psychosocial disturbances, disordered
eating, health impairment, and physical disability. Also, obesity-related metabolic,
hormonal, and inflammatory factors may have direct modulatory effects that alter
brain functions and affect mood (Bornstein, Schuppenies, Wong, & Licinio, 2006;
Dixon et al., 2008; Kivimäki et al., 2009, 2014).
Whether a higher BMI predisposes one to psychotic diseases has not been
confirmed (Shah et al., 2019). However, it is known that patients with severe mental
disorders are more obese, which is possibly induced by antipsychotic medication
and an unhealthy lifestyle (Bak, Fransen, Janssen, Van Os, & Drukker, 2014; De
Hert, Correll, et al., 2011; Vancampfort et al., 2015). The unfavorable changes in
body composition associated with obesity, such as higher waist circumference (WC)
and waist–hip ratio (WHR), high fat percentage and low muscle mass, have been
suggested to affect the risk of psychosis beyond BMI (Foley & Morley, 2011;
Saarni et al., 2009). Also, similar alterations in brain structure have been noted in
cases of obesity and psychotic diseases (Minichino et al., 2017). Interestingly, when
comparing structural abnormalities of the brain in obese but otherwise healthy
individuals and first-episode psychosis patients without previous use of
antipsychotic medication, similar brain area changes have been observed. These
changes are associated with both frontal and temporal gray matter atrophy and with
a reduced integrity of white matter in the corpus callosum, possibly indicating the
pathophysiological mechanism of obesity in psychosis (Minichino et al., 2017).
2.6.2 Biochemical hyperandrogenism
Depression and anxiety
Biochemical hyperandrogenism plays a central role in PCOS and is included as one
of the diagnostic criteria. Imbalance and fluctuations in hormone levels have been
shown to affect psychological functions and supposedly explain the sex-related
differences in the natures of psychiatric diseases (Markham, 2012; Weissman &
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Klerman, 1977). In the general population, women going though menopausal
transition show an association between increasing testosterone levels and
depression symptoms (Bromberger et al., 2010; Milman, Sammel, Barnhart,
Freeman, & Dokras, 2015). The association of psychological disturbances and
higher androgen levels is supported by other studies, including some on adolescent
girls (Hohlagschwandtner, Husslein, Klier, & Ulm, 2001; Weber, Lewicka,
Deuschle, Colla, & Heuser, 2000). Based on this work, it is obvious that
biochemical hyperandrogenism, such as elevated serum testosterone, may play an
important role in psychological disturbances in women with PCOS (Stener-Victorin
et al., 2019).
In a recent meta-analysis assessing mental distress in PCOS, a slight
association was demonstrated with free testosterone and anxiety, but not depression
(Cooney et al., 2017). On the other hand, in many studies the association of
biochemical hyperandrogenism and mental distress in PCOS has been found to be
inconclusive (Greenwood, Pasch, Cedars, Legro, Eisenberg, et al., 2018;
Hollinrake et al., 2007; Månsson et al., 2008; Rasgon et al., 2003).
Psychosis
Interestingly, a study by Riecher-Rössler et al. reported signs of hyperandrogenism,
such as hirsutism, acne, and loss of hair, as well as other clinical PCOS symptoms
such as anovulation, infertility, and menstrual irregularities, to be more prevalent
in women with schizophrenia (Riecher-Rössler, 2002). Despite this study, there
remains only limited evidence linking hyperandrogenism and PCOS with the risk
of psychoses and schizophrenia in women.
In previous studies, higher testosterone levels have been observed in women
with psychosis regardless of whether they are on antipsychotic medication (Riahi,
Izadi-Mazidi, Ghaffari, Yousefi, & Khademvatan, 2016), and in women with
schizophrenia (Mendrek, Lakis, & Jiménez, 2011; Oades & Schepker, 1994; Okita
et al., 2014). However, opposite results have also been reported (Murri et al., 2016;
Rubin et al., 2010). In some studies, it has been speculated that the increased
testosterone levels in women are linked to stress or antipsychotic medication
through the prolactin and dopaminergic effect (Misiak et al., 2018).
Also, high DHEA and DHEAS levels in psychotic patients might reflect the
role of hyperandrogenism in female psychiatric diseases (Solanki, Sharma, Tyagi,
& Singh, 2017; Strous et al., 2004; Yildirim, Dogan, Semiz, & Kilicli, 2011).
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2.6.3 Prenatal androgen exposure
Emerging evidence suggests PCOS may originate during fetal development, where
hyperandrogenism in utero predisposes female fetuses to PCOS later in life. This
may provide an explanation for the psychological morbidity in affected women
(Stener-Victorin et al., 2019). Higher circulating androgen levels have been shown
to be related to altered placental function with lower aromatase expression, which,
in turn, may expose the fetus to high androgen levels (Maliqueo et al., 2015). Both
altered placental function and prenatal hyperandrogenic exposure have been shown
to be related to neuropsychiatric disturbances in the offspring (Baron-Cohen et al.,
2015; Kratimenos & Penn, 2019; Lombardo et al., 2012; Wang et al., 2017).
Maternal hyperandrogenism has been shown to influence brain morphology and
neural development in humans, possibly explaining the predisposition to
neuropsychiatric disturbances (Chura et al., 2010; Rees, Udiawar, Berlot, Jones, &
O’Sullivan, 2016).
Prenatal androgen exposure has been shown to cause an anxiety-like phenotype
in female rats at a higher rate than in males (M. Hu et al., 2015). The study found
disturbed androgen receptor function in the amygdala, as well as changes in the
expression of estrogen receptor-α, serotonergic, and gamma-aminobutyrinergic
(GABAnergic) factors in the amygdala and hippocampus. This evidence provides
a link between early prenatal androgen exposure and later psychological
disturbances in women with PCOS. Furthermore, the microinjections of
testosterone directly to the amygdala resulted in a decrease in AR and a
simultaneous increase in anxiety-like behavior, reflecting the harmful effects of
excess testosterone exposure on the brain and psychological function (Hu et al.,
2015). These experiments also highlighted the possibility of the amygdala being an
important site for testosterone-related developmental changes in PCOS (StenerVictorin et al., 2020).
Recent studies evaluating the male-prominent neuropsychiatric diseases in
children born to a mother with PCOS have shown a higher risk for ADHD and ASD
in the offspring. A Swedish register study highlighted the increased risk especially
for girls (Cesta et al., 2020), but also noted that sons of PCOS mothers showed
signs of possible prenatal androgen exposure. The findings in offspring are
supported by other studies that indicated a greater than 1.5-fold higher risk for ASD
and approximately a 1.4-fold higher risk for ADHD (Berni et al., 2018; Kosidou et
al., 2016, 2017).
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Another substantial factor affecting pregnancy in women with PCOS is obesity,
which leads to an unfavorable intrauterine environment and placental dysfunction
(Howell & Powell, 2017; Kratimenos & Penn, 2019). In the general population,
maternal obesity is associated with the risk of psychological disturbances and
neuropsychiatric disorders in the offspring later in life (Class, Rickert, Larsson,
Lichtenstein, & D’Onofrio, 2014; O’Reilly & Reynolds, 2013). Interestingly,
excessive maternal weight gain during pregnancy may also increase the prenatal
androgen exposure of the offspring of women with PCOS (Kallak et al., 2017).
Moreover, obesity in PCOS mothers has been shown to predispose the offspring to
neuropsychiatric comorbidities (Berni et al., 2018; Kosidou et al., 2016, 2017).
2.6.4 Hirsutism
The mental burden related to hirsutism and the challenges in treating this symptom
are well known. Women with a higher degree of hirsutism seem to experience more
psychological distress (Drosdzol, Skrzypulec, & Plinta, 2010; Lipton, Sherr, Elford,
Rustin, & Clayton, 2006; Sonino, Faval, Mani, Belluardo, & Boscaro, 1993). Also,
for women seeking help for hirsutism, higher levels of hair growth are correlated
with the severity of depression and anxiety (Palmetun Ekbäck, Lindberg, Benzein,
& Årestedt, 2013). Another study found an association between self-assessed
hirsutism levels and depression. However, no association was detected in clinicianrated hirsutism scores (Pasch et al., 2016), possibly indicating that the symptom
experiences might influence the level of psychological distress. Interestingly,
women with hirsutism have also shown more psychotic symptoms (Sonino et al.,
1993). In a recent meta-analysis, the degree of hirsutism assessed with FG scores
was weakly associated with symptoms of anxiety and depression, although only
diagnoses of depression were associated with hirsutism (Cooney et al., 2017).
Hirsutism has also been shown to adversely affect perception of body image, which
is further associated with depression and anxiety in women with PCOS (Alur-Gupta
et al., 2019; Deeks et al., 2011). However, not all related studies have confirmed
the association of hirsutism and psychological disturbances (Adali et al., 2008;
Greenwood, Pasch, et al., 2019).
2.6.5 Body image
Body image is described as an individual’s psychological perception of the
appearance and function of his/her body, and has been shown to be associated with
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psychological distress in the general population (Friedman, Reichmann, Costanzo,
& Musante, 2002). It is noteworthy that women with PCOS are affected by multiple
physical manifestations that may disturb their body image, including obesity, acne,
hirsutism, and female-pattern hair loss (Dalgard, Gieler, Holm, Bjertness, & Hauser,
2008; Dumesic et al., 2015; Pasch et al., 2016; Shuster, Fisher, Harris, & Binnell,
1978; Weinberger, Kersting, Riedel-Heller, & Luck-Sikorski, 2017). In a recent
study, Alur-Gupta et al. found that body image, as measured by Multidimensional
Body-Self Relations-Appearance Subscale, was associated with depression and
anxiety scores in PCOS, even after taking into account possible confounding
factors, such as obesity, sociocultural factors, and appearance orientation (AlurGupta et al., 2019). They also found a weak association of FG score and obesity
with lower body image satisfaction scales, which might partially affect the risk for
psychological distress in women with PCOS (Alur-Gupta et al., 2019). Other
studies have also supported the findings of association between body image and
psychological distress (Deeks et al., 2011; Kogure et al., 2019). The associations
between body image and psychological distress may be bidirectional; thus,
psychological distress, and especially depression, might change the experience of
body image satisfaction (Greenwood, Pasch, Cedars, Legro, & Huddleston, 2018).
2.6.6 Hypothalamic–pituitary–gonadal and hypothalamic–pituitary–
adrenal axis dysfunction
The hypothalamus–pituitary axis, which regulates both adrenal and gonadal
functions, is dysregulated in PCOS, contributing to the pathogenesis of the
syndrome (Caldwell et al., 2017; Walters et al., 2018). LH pulsatility is enhanced
(Dumesic et al., 2015; Morales et al., 1996), and the women present with overactive
responses to pituitary stimuli toward hCG (mimicking the LH effect) and adrenal
corticotropic hormone (ACTH) challenge (Piltonen et al., 2004; Puurunen et al.,
2009). Recent evidence implies impaired steroid hormone feedback to the GnRH
neuronal network, causing overactivation in the GnRH (Ruddenklau & Campbell,
2019). Indeed, the studies suggest that the Gamma-aminobutyric acid (GABA)
neurons in PCOS have lower progesterone sensitivity, which further induces
hyperactivity of the GnRH neurons (Ruddenklau & Campbell, 2019). Recent
studies have also shown AMH to play a role in GnRH neuron overactivity, where
AMH was able to enhance the pulse activity of LH in GnRH neurons in vitro
(Cimino et al., 2016). The possibility of AMH also playing a role in the
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development of psychological distress in PCOS remains unclear due to a lack of
research.
Hypothalamic–pituitary–adrenal (HPA) axis dysregulation and its overactivity
is thought to play a role in the psychopathology of several psychiatric disorders,
such as depression, anxiety, and psychosis (Baumeister, Lightman, & Pariante,
2014; Borges, Gayer-Anderson, & Mondelli, 2013; Burke, Davis, Otte, & Mohr,
2005; Vreeburg et al., 2009; Yoon & Joormann, 2012). The HPA axis is responsible
for regulating stress responses via hormone secretion and, consequently, adapting
to stress-induced physical and psychosocial changes. A stress response initiates the
production of cortisol from the adrenal cortex, which results in the secretion of
corticotropin-releasing hormone (CRH) from the hypothalamus and ACTH from
the anterior pituitary gland. The release of CRH is regulated by a negative feedback
of cortisol. Chronic stress has been linked to an increased risk for psychological
disturbances and HPA-axis dysregulation (Baumeister et al., 2014; Ehlert, Gaab, &
Heinrichs, 2001; Marin, Martin, Blackwell, Stetler, & Miller, 2007).
It has been reported that women with PCOS have higher serum cortisol levels
after a stressor, reflecting the disturbance or overactivity of HPA-axis function. This
may also be associated with psychological distress in PCOS (Benson, Arck, et al.,
2009; Gallinelli, Matteo, Volpe, & Facchinetti, 2000).
2.6.7 Menstrual disturbances
Hormones regulate brain development and function in many ways. They affect
neurotransmitters through various mechanisms and have functions in the brain
itself, and thus are called neuroactive hormones (Galea, Frick, Hampson, Sohrabji,
& Choleris, 2017; Suzuki, Brown, & Wise, 2009). The sex-related differences in
schizophrenia and other psychoses are thought to result from the different hormonal
environments in men and women (Riecher-Rössler, 2016).
A limited amount of evidence has been published on the link between
menstrual disturbances and psychological distress in PCOS. One study suggested
that menstrual disturbances were the most significant of these symptoms, even
more burdensome than hirsutism or obesity (McCook, Bailey, Williams, Anand, &
Reame, 2015).
Estrogens are suggested to have a neuroprotective and antidopaminergic effect
against psychosis in premenopausal women (Hayes, Gavrilidis, & Kulkarni, 2012).
In line with this, schizophrenia affects more males than females, and the
manifestations of the disease vary according to sex. Premenopausal women with
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psychotic illness tend to experience a more benign course of illness than men do,
presenting less severe psychopathology and disability and higher levels of insight,
functioning, and response to antipsychotic medication (Cotton et al., 2009; Morgan,
Castle, & Jablensky, 2008).
Early studies have suggested hypoestrogenic states predispose to psychosis,
and found that women are more vulnerable to psychosis after pregnancy and
postpartum, when estrogen concentrations decline (Kendell, Chalmers, & Platz,
1987). On the other hand, there are studies showing that the risk for schizophrenia
and other psychoses is higher in women than in men, and that the risk is further
enhanced after the age of 40 when approaching menopause, supporting the theory
of the protective role of estrogen against psychosis risk (Häfner, 2003; Kirkbride et
al., 2012).
The high estrogen peak in the luteal phase, which is often lacking in PCOS due
to anovulation, has been shown to significantly improve psychotic symptoms
compared to follicular phases with low estrogen levels (Bergemann, Parzer,
Runnebaum, Resch, & Mundt, 2007). Studies have shown that women with
menstrual irregularities present with lower estradiol levels and less fluctuation in
estradiol levels, and are more likely to have psychosis (Huber, Borsutzky, Schneider,
& Emrich, 2004; Huber et al., 2001).
2.6.8 Infertility
Infertility is a common clinical feature of PCOS due to chronic anovulation.
However, 60% of women with PCOS are able to conceive within 12 months and
are thus considered to have normal fertility (Brassard et al., 2008). Indeed, two
large population-based studies have shown that women with PCOS are as likely to
achieve at least one child as non-PCOS women, although they need fertility
treatments more often (Joham, Teede, Ranasinha, Zoungas, & Boyle, 2015; West
et al., 2014). Obesity is a considerable factor in decreasing fertility and
predisposing women to miscarriages and other pregnancy complications in general,
but this is true also in women with PCOS (Brassard et al., 2008). In the general
population, studies have shown women with infertility are more likely to have
psychological distress and to be at risk for depression and anxiety (Chen, Chang,
Tsai, & Juang, 2004; Klemetti, Raitanen, Sihvo, Saarni, & Koponen, 2010; Sethi,
Sharma, Goyal, & Kaur, 2016).
There is limited evidence of the impact of infertility on depression and anxiety
symptoms in PCOS. Comparing depression diagnoses in infertile and fertile PCOS
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women, Deeks et al. found that the prevalence of depression, and depression score,
did not differ significantly between the two groups (Deeks, Gibson-Helm, & Teede,
2010). In a Chinese study, however, the depression scores were higher in women
with PCOS with infertility (Shi, Zhang, Fu, & Li, 2011). Women with PCOS
suffering from fertility problems have been shown to have more anxiety (Benson,
Hahn, et al., 2009). Also, a history of infertility was associated with depression,
anxiety, and perceived stress in an Australian community-based study (Damone et
al., 2019). Regardless, based on the relatively small number of studies, it seems that
infertility might only partially explain the psychological distress in women with
PCOS (Cooney & Dokras, 2017; Tan et al., 2008). Additionally, a recent
longitudinal population-based study did not find an association between depression
and parity, which was used to reflect infertility in women with PCOS (Greenwood,
Pasch, et al., 2019). The underlying risk for depression outside an infertility context
is also shown by studies reporting that PCOS women experience more antenatal
and postnatal depression and anxiety compared to non-PCOS controls (Tay, Teede,
Boyle, et al., 2019).
2.6.9 Impaired glucose metabolism
Women with PCOS have been shown to be at a higher risk for insulin resistance,
impaired glucose tolerance, and type 2 diabetes, especially among overweight or
obese women (Kakoly et al., 2018; Ollila et al., 2017). In previous studies on the
general population, insulin resistance has been shown to be associated with higher
rates of anxiety and depression, although it is not definitively known whether it is
caused by psychological disturbances (particularly anxiety) (Kan et al., 2013a,
2013b; Smith et al., 2013). As for the more severe psychiatric diseases, evidence
has pointed toward insulin resistance and impaired glycemic control playing a role
in increasing the risk of first-episode psychosis and psychotic experiences or even
the onset of the illness (Perry, McIntosh, Weich, Singh, & Rees, 2016; Perry et al.,
2019; Pillinger et al., 2017).
The mechanism linking insulin resistance and impaired glycemic control with
psychological functions is somewhat unclear, but it has been suggested that the
inflammation induced by hyperglycemia might play a role, and vice versa (Perry et
al., 2016, 2019). Other possible contributing factors include disrupted sympathetic
nervous action, increased cortisol levels, and decreased brain serotonin levels due
to altered glucose metabolism (Joseph & Golden, 2017; Kaaja & Pöyhönen-Alho,
2006; Zanoveli et al., 2016).
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Among the PCOS population, insulin resistance has been associated with
depression (Greenwood, Pasch, Cedars, Legro, Eisenberg, et al., 2018; Greenwood
et al., 2015). In addition, a recent meta-analysis showed a small association
between increased homeostatic assessment of insulin resistance (HOMA-IR) and
depression in women with PCOS, although no association was detected with
anxiety (Cooney et al., 2017). However, this finding is not supported in all studies
(Benson et al., 2008; Hahn et al., 2005).
2.6.10 Chronic inflammation
Evidence from studies in the general population suggests that inflammation has a
bidirectional relationship with mental disorders. These include depression and
anxiety (Glaus et al., 2018; Khandaker, Pearson, Zammit, Lewis, & Jones, 2014;
Valkanova, Ebmeier, & Allan, 2013), but also more severe disorders such as
psychosis and schizophrenia (Khandaker et al., 2014; Metcalf et al., 2017;
Upthegrove, Manzanares-Teson, & Barnes, 2014). The mechanisms behind the link
between inflammation and mental disorders are somewhat unclear and possibly
multifarious, although the inflammation markers, including cytokines, may alter
function of the brain. In addition, neuroinflammation may play a role in the
pathogenesis of psychiatric illnesses (Kohler, Krogh, Mors, & Eriksen Benros,
2016; Setiawan et al., 2015).
PCOS is affected by chronic low-grade inflammation possibly mediating the
effect of other disposing factors related to the syndrome, such as sympathetic
dysfunction, hyperandrogenism, and insulin resistance, which are factors also
associated with impaired psychological functions (Joseph & Golden, 2017;
Shorakae et al., 2018). To date, the number of PCOS-related studies assessing
inflammation as a predisposing factor for psychological distress is very limited. A
few studies with a limited number of PCOS cases did not find a correlation between
systemic inflammatory markers and depression (Benson et al., 2008; Moran, Teede,
& Vincent, 2015), while another study found an independent association of
inflammation (highly sensitive C-reactive protein, hsCRP) and depression in an
overall combined study population (Moran et al., 2015).
2.7

Treating psychological distress in PCOS

The recent guideline highlights the mental health aspect of PCOS and instructs
clinicians to screen for anxiety, depression, and symptoms of disordered eating in
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women with PCOS already at the time of diagnosis. If signs of these conditions are
present, further assessment and treatment should be provided by healthcare
professionals. If the condition needs treatment, psychological and/or
pharmacological therapy should be applied following the recommendation for the
general population. However, when treating the psychological distress of women
with chronic conditions, the treatment should comprehensively take into account
factors associated with PCOS, such as obesity, infertility, and hirsutism, which may
affect psychological well-being (Teede et al., 2018). Research-based evidence
related to targeting psychological distress in women with PCOS remains limited,
although some studies have evaluated the effectiveness of PCOS-specific treatment
for anxiety and depression.
2.7.1 Lifestyle interventions
Some randomized controlled trials have been performed on women with PCOS to
study the outcome of different types of diet and exercise on symptoms of depression
and anxiety. Diet and exercise lifestyle interventions, separately or combined, may
improve psychological functions in affected women, especially if they are
overweight or obese (Dokras et al., 2016; Thomson et al., 2010). However, an
improvement in psychological distress did not always require weight loss (Galletly
et al., 2007). Also, some studies that evaluated supplementary treatment modalities,
such as yoga, acupuncture, and nutritional supplements, showed some degree of
effectiveness in treating depression and anxiety symptoms (Amini et al., 2018;
Ostadmohammadi, Jamilian, Bahmani, & Asemi, 2019; Ram, Nagarathna,
Padmalatha, & Amritanshu, 2012; Stener-Victorin, Holm, Janson, Gustafson, &
Waern, 2013).
2.7.2 Mechanical treatment of hirsutism
A randomized controlled trial by Clayton et al. showed that laser treatment of facial
hair was effective for women with PCOS, as it reduced the severity of hirsutism in
addition to alleviating depression and anxiety (Clayton, Lipton, Elford, Rustin, &
Sherr, 2005).
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2.7.3 Combined oral contraceptive pills
Only a few studies have evaluated the effect of COCPs on depression and anxiety
in women with PCOS. A study by Dokras et al. showed decreased prevalence of
depression symptoms (from 13.3% to 4.4%) during a 16-week trial for the OCP
group compared to the placebo group (OR 0.30; 95% CI: 0.09–0.99) (Dokras et al.,
2016). However, another study did not find improvement in women using OCP
during a 6-month follow-up (Cinar, Harmanci, Demir, & Yildiz, 2012). A recent
randomized controlled trial done in the general population did not find
improvement in depression scales, although overall well-being increased among
the women using COCP (Zethraeus et al., 2017). Hormonal contraception has been
thought to increase the risk for mood disturbances, especially in young women,
with some women possibly being more susceptible than others (Skovlund, Mørch,
Kessing, & Lidegaard, 2016). However, not all studies support this theory (Lundin
et al., 2017; O’Connell, Davis, & Kerns, 2007).
2.7.4 Pharmacological treatment of psychological distress
SSRIs have shown effectiveness as the first-line pharmacologic treatment for
anxiety and/or depression, by reducing the symptoms and improving the prognosis
(Jakobsen et al., 2017; Ravindran & Stein, 2010). There are no studies assessing
treatment of anxiety or depression in PCOS with antidepressants. A study by
Glintborg et al. compared a 12-week SSRI treatment to placebo for overweight
women with PCOS and tested for metabolic changes, adrenal activity, and mental
health status. The treatment with escitalopram was associated with an increased
waist circumference and cortisol levels. However, no differences were found in
glucose metabolism or lipid profiles. The treatment did not affect mental health
parameters, but it was highlighted that the participants in the study did not have
clinical depression at the baseline (Glintborg et al., 2018). The possible side effects
(e.g., weight gain) of medications used for psychiatric disorders, such as some
antidepressants and antipsychotics, can aggravate PCOS symptoms, and should be
taken into consideration when prescribing these medications (Bak et al., 2014;
Raeder, Bjelland, Vollset, & Steen, 2006).
Metformin is often used to treat patients with PCOS due to its positive effects
on glucose metabolism, inflammation, etc. The effect of metformin on
psychological distress has been evaluated previously in adult and adolescent
women with PCOS, and the severity of depression and anxiety scores decreased
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during the medication (Erensoy, Niafar, Ghafarzadeh, Aghamohammadzadeh, &
Nader, 2019). This is supported by another study that compared a 3-month period
of metformin use, combined with a lifestyle program, with lifestyle intervention
only. There was, however, no effect on anxiety (Alhussain et al., 2020).
Insulin resistance has been shown to be a risk factor for depression, and some
recent studies have evaluated the potential effect of insulin sensitizers on
depression and anxiety symptoms. Besides metformin, other medications, such as
pioglitazone, have been tested to improve psychological disturbances. When
compared with metformin in a randomized controlled trial, pioglitazone was more
effective than metformin alone as depression treatment in women with PCOS
(Kashani et al., 2013).
2.7.5 Cognitive behavioral therapy
CBT has been shown to be an effective treatment for depression and anxiety in the
general population (Cuijpers, Cristea, Karyotaki, Reijnders, & Huibers, 2016). In a
small pilot study, an eight-week period of CBT decreased depression symptoms
and weight among adolescent women with PCOS (Rofey et al., 2009). Another
study assessed the outcome of CBT in women with PCOS with obesity and
depression. It compared a combined treatment of CBT and lifestyle, which included
weekly nutrition and exercise counselling, diet, and exercise, with a lifestyle-only
intervention for 16 weeks, on anxiety, depression, and QoL. The study showed
improvement in all areas assessed in both CBT+lifestyle and lifestyle groups,
although weight loss was higher in the CBT+lifestyle group (Cooney et al., 2018).
A recent randomized controlled trial demonstrated that a 12-month threecomponent treatment (CBT, diet, and exercise), improved depression as well as
body image and self-esteem compared to conventional treatment (Jiskoot et al.,
2020).
2.8

Health-related quality of life in PCOS

Several previous studies and meta-analyses have shown that women with PCOS
have a decreased HRQoL, when assessed with both general and disease-specific
instruments (Jones, Hall, Balen, & Ledger, 2008; Kaczmarek, Haller, & Yaron,
2016; Li et al., 2011; Yin, Ji, Chan, & Chan, 2020). Furthermore, interest toward
the QoL in PCOS has substantially increased in recent years (Fig. 4).
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Fig. 4. The number per year of PubMed search results on quality of life and polycystic
ovary syndrome.

The most effective predictive/associated factors for lower QoL in women with
PCOS have been shown to vary between different studies and are probably also
dependent on cultural and social factors (Brown, 1991; Hashimoto et al., 2003;
Schmid et al., 2004; Wijeyaratne, Dilini Udayangani, & Balen, 2013). Possible
factors causing decreased QoL are suggested to be body-image-associated
conditions, such as obesity, hirsutism, and acne, as well as infertility and other
health concerns and comorbidities, such as psychological problems.
In a study by Coffey et al., the physical dimensions of HRQoL in PCOS were
shown to have a comparable effect to other chronic conditions, such as asthma,
epilepsy, and diabetes, but a lesser effect than in arthritis and cardiac disease.
However, the psychological dimensions were shown to be higher in PCOS
compared to the previously mentioned chronic conditions (Coffey, Bano, & Mason,
2006).
2.8.1 Measuring HRQoL in PCOS
There are two different approaches to measure HRQoL: generic and specific.
Generic measurements are used for overall HRQoL measurement, while specific
measurements provide information on problems that are specific to certain diseases,
patient groups, or functions. Both approaches are important and have their own
strengths and limitations. Generic instruments allow comparison with the general
population, while disease-specific instruments often are the only determinants to
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assess specific domains of diseases, e.g., weight or infertility issues in the case of
PCOS. Instruments such as the PCOS Questionnaire (PCOSQ) and Modified PCOS
Questionnaire (MPCOSQ) have been developed for assessing HRQoL relating to
PCOS (Barnard et al., 2007; Cronin et al., 1998). Table 2 presents the most
commonly used HRQoL measurements in PCOS studies.
Table 2. The HRQoL instruments most often used in PCOS studies.
Instrument
SF-36

Type

Number of

Description of subscales

items

(Number of items)

General 36

Physical functioning (10), role

Reference for instrument
(Ware & Gandek, 1998)

physical (4), bodily pain (2),
general health (5), vitality (4),
social functioning (2), role
emotional (3), mental health (5)
WHOQOL-

General 26

BREF

Physical health (7), psychological (Harper et al., 1998)
(6), social relationships (3),
environment (8), overall quality of
life (1), general health (1)

CHQ-CF87

General 87

physical functioning (9), role

(Landgraf, Abetz, & Ware,

functioning: emotional (3),

1996)

behavior (3), physical (3), bodily
pain (2, general behavior (17),
mental health (16), self-esteem
(14), general health perceptions
(12), change in health in the last
year (1), family activities (6),
family cohesion (1)
PCOSQ

Specific 26

Emotions (8), body hair (5),

(Cronin et al., 1998)

weight (5), infertility (4),
menstrual problems (4)
MPCOSQ

Specific 30

Acne (4), otherwise includes

(Barnard et al., 2007)

same items as PCOSQ
PCOSQ-50

Specific 50

Psychosocial and Emotional (12), (Nasiri-Amiri, Ramezani
Fertility (9), Sexual Function (7),

Tehrani, Simbar, Montazeri, &

Obesity and Menstrual disorders

Mohammadpour, 2016)

(9), Hirsutism (6), and Coping (7)
SF-36, 36-Item Short Form Health Survey, WHOQOL-BREF; World Health Organization Quality-of-LifeBREF, CHQ-CF87, Child Health Questionnaire-Child Form
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2.8.2 Possible factors decreasing HRQoL in PCOS
Obesity
Obesity is known to reduce the HRQoL of individuals in both physical and mental
aspects, especially among women (Jia & Lubetkin, 2005; Mannucci et al., 2010).
This could be explained by obesity-related chronic medical comorbidities; however,
the decrease in physical HRQoL has also been observed in otherwise healthy
overweight and obese women (Korhonen, Seppälä, Järvenpää, & Kautiainen, 2014).
Especially in adolescents and young women, increased body weight is associated
with low self-esteem and increased body dissatisfaction, which may further lead to
a diminished social life (Myers & Rosen, 1999).
Studies assessing the effect of higher BMI have shown a decrease in HRQoL
in those overweight or obese women with PCOS, especially in the physical aspect
of HRQoL (Amiri, Yarandi, Nahidi, Tohidi, & Tehrani, 2019; Hahn et al., 2005;
Panico et al., 2017; Shishehgar, Ramezani Tehrani, Mirmiran, Hajian, &
Baghestani, 2016). Multiple studies have also revealed that the weight domain in
PCOSQ has the most considerable adverse effect (Ching, Burke, & Stuckey, 2007;
Coffey et al., 2006; McCook, Reame, & Thatcher, 2005). Excessive body weight is
regarded as a burden, especially among adolescents and young women (Behboodi
Moghadam, Fereidooni, Saffari, & Montazeri, 2018; Jones, Hall, Lashen, Balen, &
Ledger, 2011; Kaczmarek et al., 2016; Trent, Austin, Rich, & Gordon, 2005).
However, not all studies have found an association between body weight and
decreased HRQoL (Elsenbruch et al., 2003; Kumarapeli, De A Seneviratne, &
Wijeyaratne, 2011), which disagrees with the suggestion that obesity is the main
factor in decreasing HRQoL (Álvarez-Blasco, Luque-Ramírez, & EscobarMorreale, 2010).
It is also notable that a study by Greenwood et al. found an association between
higher BMI and worse rates of weight domain in PCOSQ in nondepressed women.
However, the correlation was not found among depressed, PCOS-diagnosed
women. This highlights the importance of psychological aspects in terms of an
individual’s experience of PCOS symptoms and weight (Greenwood, Pasch,
Cedars, Legro, & Huddleston, 2018).
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Hyperandrogenism
In a study comparing HRQoL in over 30 different skin diseases, hirsutism was
shown to be one of the most burdening conditions impacting psychosocial function,
although symptomatic impairment was low (Sampogna, Tabolli, & Abeni, 2013).
Hirsutism was also shown to affect an individual’s QoL (Palmetun Ekbäck et al.,
2013). In some studies, hirsutism was the most important predictive factor of
decreased HRQoL (Amiri et al., 2019; Behboodi Moghadam et al., 2018; Cinar et
al., 2011; Drosdzol, Skrzypulec, Mazur, & Pawlińska-Chmara, 2007; Khomami,
Tehrani, Hashemi, Farahmand, & Azizi, 2015). However, in other studies hirsutism
was not found to be the main factor in decreased HRQoL (Kumarapeli et al., 2011).
In some studies, patients’ self-ratings of hirsutism were more strongly associated
than clinicians’ ratings with lower HRQoL (Ekbäck et al., 2013; Pasch et al., 2016).
Overall, hirsutism has been suggested to be associated specifically to the
emotion domain (Behboodi Moghadam et al., 2018; Hahn et al., 2005; McCook et
al., 2005). A Turkish study compared the HRQoL of hirsute women with and
without PCOS using the Dermatology Life Quality Index. Hirsute women with
PCOS had a reduced HRQoL compared to hirsute, non-PCOS women (Kutlu,
2020). This indicates that hirsutism is not the only factor that decreases HRQoL in
PCOS.
Most studies have failed to show an association between biochemical
hyperandrogenism and decreased HRQoL (Cinar et al., 2011; Hahn et al., 2005; M.
E. Trent, Rich, Bryn Austin, & Gordon, 2002). Another study found an association
of PCOSQ-50 with free androgen index (FAI), but not with testosterone. FAI
remained significant also after adjustment for FG score (M. Amiri et al., 2019).
Infertility
Infertility is known to be associated with increased distress in the general
population, possibly impacting a person’s life as well as their social and marital
relations (Sherrard, 1999). Some studies have shown that infertility decreases
HRQoL in women with PCOS (Amiri et al., 2019; Bazarganipour et al., 2014;
Dilbaz, Çinar, Özkaya, Tonyali, & Dilbaz, 2012). However, not all studies suggest
that infertility is the primary determinant of decreasing HRQoL (Greenwood, Pasch,
Cedars, Legro, & Huddleston, 2018; Tan et al., 2008). Girls with PCOS who are
worried about infertility already from adolescence had lower scores in many QoL
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scales. This finding was detected especially in the psychological and psychosocial
functions, as well as in self-esteem (M. E. Trent, Rich, Austin, & Gordon, 2003).
An Austrian study compared infertile PCOS women and immigrant Muslim
women and found that there were no differences in symptomology of PCOS, but
the HRQoL of the immigrant women was more affected. In particular, infertility
was a disturbing issue among these women, which highlights that the experience
of PCOS symptoms is influenced by cultural and social circumstances and
background (Schmid et al., 2004).
A study comparing the scores of the fertility-related QoL (FertiQoL) between
infertile women with PCOS and women with unexplained infertility indicated that
infertile women with PCOS had a lower QoL than women with unexplained
infertility (Santoro et al., 2016). This indicates that PCOS affects the QoL of
women in multiple ways.
Psychological disturbances
Psychological disturbances, such as depression and anxiety, are prone to burden the
health of affected individuals through, e.g., reduced social and occupational
function, and further reduce HRQoL (Baxter et al., 2014; Malhi & Mann, 2018).
Women with PCOS are especially at a higher risk of reduced HRQoL due to
psychological distress, as they have a higher prevalence of depression and anxiety
(Cooney et al., 2017).
A meta-analysis using the SF-36 instrument concluded that the emotional role
function is the most decreased domain of the HRQoL in women with PCOS (Li et
al., 2011). This finding, of psychological function having the most adverse effect
on HRQoL using generic instruments, is supported by other studies (Coffey et al.,
2006; Jones et al., 2004). Additionally, regarding the direct consequences of
psychological disturbances on QoL, a recent study concluded that depressed
PCOS-diagnosed women reported impaired PCOSQ scores in all five domains
compared to nondepressed women with PCOS. This indicates the possible
modulating effect in the experience of PCOS of depressed women (Greenwood,
Pasch, Cedars, Legro, & Huddleston, 2018).
2.8.3 Long-term effects of PCOS on HRQoL
HRQoL has been shown to be lower in women with PCOS already from an early
age compared to non-PCOS women. In adolescents and young women with PCOS,
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weight changes are shown to be the most important clinical feature of the disease
that lowers HRQoL. Weight can have a stronger influence on HRQoL than PCOS
itself, especially as infertility is typically not yet an issue at a young age (Trent et
al., 2005). However, adolescents and young women have shown concerns regarding
PCOS-related infertility in the future, which in turn lowers HRQoL (Trent et al.,
2003). Also, aesthetic symptoms of PCOS, such as hirsutism and acne, are common
in adolescence, thus potentially affecting self-esteem, emotional well-being, and
social life (Jones et al., 2011; Mallon et al., 1999).
Less is known about the QoL in PCOS when approaching late reproductive
years or menopausal age, when fertility issues have abated but metabolic and
hormonal issues remain. Khomami et al. studied HRQoL in a PCOS population
using PCOS-symptom related PCOSQ HRQoL measurements. They found that
aging increased the overall PCOSQ result for separate domains of infertility and
weight. No significant differences were observed in the emotional, body hair, and
menstrual problem domains (Khomami et al., 2015). Another study found
significant associations between HRQoL and age, possibly indicating that PCOS
symptomatology is more familiar and accepted with aging (Amiri et al., 2019).
However, there are no previous studies of HRQoL in older PCOS populations.
2.9

Interventions improving HRQoL in PCOS

2.9.1 Lifestyle
As lifestyle interventions are the first line of treatment in PCOS, their impact on
improving HRQoL has been studied, and a majority of these studies have indicated
an increase in HRQoL. In one study, a combination of diet, exercise, and
counselling in behavioral modification strategies for a 16-week duration resulted
in improved HRQoL, as measured by both SF-36 and PCOSQ (Dokras et al., 2016).
In addition, the study compared, for 20 weeks, three lifestyle programs—diet only,
diet and aerobic exercise, and diet and combined aerobic-resistance exercise—in
overweight or obese women with PCOS. All groups had a similar response in
HRQoL, improving emotional, body weight, and menstrual domains, where the
changes in emotion and weight scores were associated with the reduction in weight
(Thomson et al., 2010). However, a 24-week lifestyle modification program for
overweight women with PCOS, consisting of diet, exercise, and a psychological
subprogram, resulted in significant improvement in HRQoL despite producing no
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significant changes in BMI (De Frène et al., 2015). Also, improvements in PCOSQ
scales were found in adolescent overweight women with PCOS after another 24week lifestyle modification program, which included diet, exercise, and
psychosocial support combined with oral contraceptives. The reduction in body
weight in particular was associated with an improved HRQoL (Harris-Glocker,
Davidson, Kochman, Guzick, & Hoeger, 2010).
The effects of exercise alone, and comparisons of different types of exercise,
have been studied in various trials. Aerobic exercise improved the HRQoL in two
intervention studies with a duration of 16 weeks (Costa et al., 2018; Ribeiro et al.,
2019). Resistance exercise training (with a 16-week duration) 3 times per week,
with supervision by physical educators, indicated improvement in functional
capacity on SF-36. In a non-PCOS control group, the same intervention improved
vitality, social aspects, and mental health (Ramos et al., 2016). Finally, yoga
improved PCOSQ scores for adolescent women with PCOS (Nidhi, Padmalatha,
Nagarathna, & Amritanshu, 2013).
2.9.2 Pharmacological treatment
Studies assessing the effect of OCP have concluded that use of OCP for 4–6 months
improves HRQoL scores (Cinar et al., 2012; Dokras et al., 2016). Cinar et al. also
demonstrated improvement in emotional and hirsutism domains after 6 months’
OCP treatment (Cinar et al., 2012). In addition, a 4-month treatment with OCP for
overweight women with PCOS showed an improvement in the general health score
of SF-36 and in all domains of PCOSQ (Dokras et al., 2016).
Metformin has improved QoL in previous studies, especially for overweight or
hyperandrogenic women with PCOS, a result that has been attributed to improved
fertility and reduced acne (Chen, Wu, & Lin, 2016). In a study by Hahn et al., a
significant increase in the psychological scales of SF-36 was detected after a 6month treatment with metformin. The improvement in HRQoL was correlated with
a reduction in body weight and a normalization of menstrual cycles (Hahn et al.,
2006). However, an infertility study assessing clomiphene and metformin,
compared to clomiphene and a placebo, demonstrated that the HRQoL scales were
lower in the metformin-treated group compared to the placebo group after a 16week follow-up (Moll, Van Wely, Lambalk, Bossuyt, & Van Der Veen, 2012). An
intervention study of overweight adolescent women with PCOS, with a treatment
consisting of lifestyle changes and OCP, both with and without metformin (1000
mg per day), did not show any differences between the study groups (Harris60

Glocker et al., 2010). A 6-month treatment with liraglutide indicated improvements
in the psychological HRQoL of obese women with PCOS (Kahal, Kilpatrick, Rigby,
Coady, & Atkin, 2019).
2.9.3 Treatment of hirsutism
A randomized controlled trial evaluated the impact of laser treatment compared to
a placebo treatment in women with facial hair due to PCOS and discovered a
significant improvement in psychological QoL in WHQOL-BREF measurement.
Additionally, the self-reported time spent on hair removal decreased from 112 to
21 minutes per week in the intervention group and from 92 to 56 minutes in the
control group (Clayton et al., 2005).
2.9.4 Cognitive behavioral therapy
A study by Cooney et al. compared CBT and lifestyle intervention to only lifestyle
intervention for a 16-week period. The CBT + lifestyle group showed improvement
in HRQoL in PCOS from week 8 onward. This group also succeeded in weight
reduction, with a mean weight loss of 3.2 kg compared to 1.8 kg in the lifestyleonly group (Cooney et al., 2018). The effect of CBT in women with PCOS was also
assessed in another clinical trial for an eight-week period of weekly CBT sessions.
Significant improvement in PCOSQ measurements compared to the control group
was found (Abdollahi, Mirghafourvand, Babapour, & Mohammadi, 2019).
2.9.5 Other interventions
Acupuncture has been shown to improve the SF-36 domains of physical health,
social functioning, energy/vitality, general health, and mental component as well as
PCOSQ emotions. The effect of a 16-week period of acupuncture remained up to
the 32-week follow-up (Stener-Victorin et al., 2013). Mindfulness has also been
shown to increase the HRQoL in women with PCOS, possibly due to reductions in
stress, depression, and anxiety symptoms (Stefanaki et al., 2015).
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3

Purpose of the present study

PCOS is a condition that is likely to predispose affected women to multiple
unfavorable, life-long effects. While fertility issues linked to the syndrome become
less relevant when approaching menopause, metabolic and hormonal differences
have been shown to prevail even at later ages and can potentially cause health
concerns even after menopause. Although an increasing number of recent studies
have reported a higher risk for psychiatric morbidity and decreased HRQoL in
women with PCOS, there is a lack of longitudinal studies beyond the fertile years
that consider psychological distress and the HRQoL in women with PCOS.
Therefore, the main purpose of this study was to assess the long-term effects of
PCOS on mental health and HRQoL in a longitudinal birth cohort study until the
late reproductive years
The three main aims of the study were the following:
1.

2.
3.

Determine the rate of self-reported depression, the prevalence of symptoms of
anxiety and depression, and their coexistence in women with PCOS symptoms
in a population-based follow-up study at the ages of 31 and 46, and assess the
effects of BMI, hyperandrogenism, and awareness of the PCOM/PCOS
diagnosis on psychological distress.
Estimate the risk of psychosis by the age of 50 and assess the scales of
psychopathology in women with PCOS at age 31.
Investigate the HRQoL, self-estimated health status, and life satisfaction of
women with PCOS at ages 31 and 46, and estimate the risk factors associated
with a decreased QoL, health status, and life satisfaction in PCOS.
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4

Study subjects and methods

4.1

Study population and data collection and definitions

4.1.1 Study population derived from the NFBC66
The study population is part of the longitudinal Northern Finland Birth Cohort 1966
(NFBC66) including all expected pregnancies with a delivery date during 1966 in
the two northernmost provinces of Finland (n = 12 058, 5889 females, 96.3% of all
births in the area) (Rantakallio, 1988). This unique birth cohort study was
established by pediatrician and professor of public health Paula Rantakallio in 1969.
The primary aim was to collect data on risk factors, including social conditions of
families and biological characteristics of the mother, to assess low birth weight,
preterm birth, and prenatal mortality (Rantakallio, 1969). The birth cohort includes
data on pregnancies and deliveries collected from the maternal and antenatal clinics
from gestational weeks 24–28 onward. Thereafter, more detailed data collection
was performed at the ages of 1, 14, 31, and 46, focusing on general health and work
ability (University of Oulu, 1966). The data used in this study was originally
collected using postal questionnaires and, at the ages of 31 and 46, from clinical
examinations. All participants provided informed consent and the study was
approved by the Ethics Committee of the Northern Ostrobothnia District
(EETTMK 94/2011).
In 1996–1997, when the cohort members were 31 years old, a postal
questionnaire was sent to 5608 women, with 4523 providing answers (81%). The
participants were asked questions concerning their health, lifestyle, work status,
and living environment. Furthermore, 3127 (76%) of the women participated in
clinical examinations, which included blood sampling and anthropometric
measurements.
The questionnaires and clinical examinations were repeated when the
participants were 46 years old (during 2012–2013). The postal questionnaire was
sent to a total of 5123 women, of whom 3706 (72%) responded. Clinical
examinations with blood sampling and anthropometric measurements were
performed on 3280 women (64%).
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1966

Northern Finland Birth Cohort 1966
Alive born females n=5889

Postal questionnaire
Controls n=3340
OA
n=463
Hirsutism n=471
PCOS
n=153

1997
Age 31

2012
Age 46

2016
Age 50

Final study population
(HSCL-25, self-reported
depression, health status
and life satisfaction)
Controls n=2188
OA
n=331
Hirsutism n=323
PCOS
n=125

Follow-up
(HSCL-25, self-reported
Depression, health status and
life satisfaction)
Controls n=1628
OA
n=248
Hirsutism n=237
PCOS
n=86

Register data
(psychosis)
Controls n=1376
OA
n=325
Hirsutism n=322
PCOS
n=124

Fig. 5. Flowchart of the study population.
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Dead or not traced
n=281
Did not respond or refused data
usage
n=1073

Hormonal contraceptive or
pregnancy
n=1451

Clinical visit
(blood samplling, 15D,
psychometric scales)
Controls n=1376-1382
OA
n=214
Hirsutism n=211
PCOS
n=74-77
Drop-out
Controls
OA
Hirsutism
PCOS

n=560
n=83
n=86
n=39

Clinical visit
(blood sampling, 15D)
Controls n=1412
OA
n=211
Hirsutism n=216
PCOS
n=75
Refused register data usage

n=60

4.1.2 Definition of PCOS and isolated PCOS symptoms
Questions screening for PCOS symptoms were part of the postal questionnaire at
age 31. They included: “Is your menstrual cycle longer than 35 days more than
twice a year?” to which a positive response was considered as having isolated oligoamenorrhea (OA); and “Do you have bothersome, excessive body hair growth?”
where a positive response was considered as having hirsutism. In total, 463 women
reported isolated OA, 471 reported isolated hirsutism, and 153 reported having both
symptoms (OA+hirsutism). After excluding women with hormonal contraception
and pregnancy, due to changes in menstrual cycle and measurements, the final
analysis group at age 31 consisted of 2181 asymptomatic women (considered
controls), 331 (11.2%) women with isolated OA, 323 (10.9%) women with isolated
hirsutism, and 125 (4.2%) with both symptoms (OA+hirsutism) and thereby
considered to have PCOS (Fig. 5).
At age 46, the women were asked “Have you ever been diagnosed as having
polycystic ovaries and/or polycystic ovary syndrome (PCOS)?” which was used (in
Study I) to evaluate awareness of the PCOS diagnosis.
4.2

Methods

4.2.1 Psychological distress
Anxiety and depression assessed using the Hopkins Symptom Checklist25 (HSCL-25)
For both ages 31 and 46, the level of psychological distress was assessed using the
Hopkins Symptom Checklist-25 (HSCL-25) score. HSCL-25 is a widely used
screening tool that includes 10 items for anxiety symptoms and 15 items for
depression symptoms (Mattisson, Bogren, & Horstmann, 2013; Veijola et al., 2003).
It has been shown in NFBC-66 that the HSCL-25 has a predictive value on current
depression (d = 1.29) and the risk for future depression (d = 0.48) (Miettunen et al.,
2012).
Values of the scale range between 1 and 4 (1 = not bothersome; 4 = extremely
bothersome). The total score is the average of the scores for all 25 items and has
been consistently shown to be highly correlated with severe emotional distress of
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unspecified diagnosis (Mattisson et al., 2013; Veijola et al., 2003). The questions
are also used separately to screen for anxiety or depression symptoms. Commonly
used cutoff points are ≥1.55 and ≥1.75, with the latter indicating a likely
psychiatric disorder (Sandanger et al., 1998, 1999).
Self-reported diagnosis of depression
At ages 31 and 46, the study subjects were asked about multiple diseases and
injuries with the question: “Do you currently have, or have you ever had, any of
the following symptoms, diseases, or injuries diagnosed or treated by a doctor?”
“Depression” was one of the options, and women answering “No” were considered
not to have self-reported depression.
4.2.2 Psychosis
For identification of psychoses, the following registers were utilized:
1.
2.
3.
4.

Care Register for Health Care (CRHC) (1972–2016)
Finnish outpatient registers; special healthcare (1998–2016) and primary
healthcare (2011–2016)
Social Insurance Institution registers: disability days (1974–1999), disability
pensions (1974–2000), and reimbursable medicines (1974–2005)
Finnish Centre for Pensions: disability pensions (1974–2016)

CRCH is a comprehensive list of the general and private hospitals, as well as wards
in local health centers, in Finland. It contains information on the primary ICD
diagnosis, up to three secondary diagnoses, and admission and discharge dates
(Miettunen, Suvisaari, Haukka, & Isohanni, 2011). CRCH data has been available
since 1972. Outpatient registers from special healthcare have been included since
1998, and from primary healthcare since 2011. The disability pension register of
the Finnish Centre for Pensions includes diagnosis information on disability
pensions. It was founded in 1964.
Parental psychosis was defined as a parent (mother and/or father) having
nonorganic psychosis (i.e., ICD-8: 295–299; ICD-9: 295, 2961E, 2962E, 2963E,
2964E, 2967, 297–299; ICD-10: F20, F22–F29) at any time between 1964 and
2005. Information on the parental psychosis was available from the disability
pension register of the Finnish Centre for Pensions (1964–2005) and the CRCH
(1972–2005), including outpatient hospital registers (1998–2005). Parental
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information was available until 2016. However, the limit was set to 2005 to
minimize the number of misdiagnosed organic psychoses, e.g., psychoses
preceding dementia.
4.2.3 Psychopathology scales
As part of the clinical examinations, participants answered a questionnaire
consisting of mental health-related true/false (scored 0/1) questions, which were
collected from several psychological scales. The scales are used to identify
psychopathological symptoms of individuals (Akiskal et al., 1995; Chapman,
Chapman, & Raulin, 1976, 1978; Eckblad & Chapman, 1986; Golden & Meehl,
1979). The psychopathology scales included the Physical Anhedonia Scale (PAS),
Social Anhedonia Scale (SAS), Perceptual Aberration Scale (PER), Hypomanic
Personality Scale (HPS), Bipolar II Scale (BIP2), and Schizoidia Scale (SCHD).
Some of these scales have been shown to have a predictive value in psychosis,
although some nonspecific changes have also been observed (Miettunen, Veijola,
et al., 2011).
4.2.4 HRQoL measured with 15D
The 15D questionnaire is a generic, standardized, well-validated, self-administered
measure of HRQoL (Sintonen, 2001). It consists of 15 dimensions: mobility, vision,
hearing, breathing, sleeping, eating, speech, excretion, usual activities, mental
function, discomfort and symptoms, depression, distress, vitality, and sexual
activity. The 15D score can be used as a pooled variable of all 15 dimensions (mean
score), or the dimensions can be presented separately. The dimensions are divided
into levels 1–5, which reflect the health status of the respondent. The 15D score
and the dimensional level values (on a 0–1 scale) are derived from the health state
descriptive system using a set of population-based preference or utility weights; a
higher score corresponds to a higher HRQoL. As for the improvement or
deterioration of HRQoL, the minimum clinically significant change in the 15D
score is estimated to be 0.015. This is also regarded as a significant difference
between groups in a cross-sectional analysis (Alanne, Roine, Räsänen, Vainiola, &
Sintonen, 2015).
Given that the 15D data was collected during the clinical examinations, the
15D score was available at age 31 for 214 women with OA, 211 women with
hirsutism, 74 women with PCOS, and 1382 controls; and at age 46 for 211 women
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with OA, 216 women with hirsutism, 75 women with PCOS, and 1412 controls
(Fig. 5). For both data collection periods, 141 women with OA, 140 with hirsutism,
50 women with PCOS, and 952 controls had complete 15D data available.
Comparing HRQoL in other chronic conditions
The mean values of HRQoL 15D were assessed to determine the level of decrease
of HRQoL in a group of women with other common chronic conditions: asthma,
migraine, rheumatoid arthritis, and depression. Inquiries regarding the diseases
were conducted at ages 31 and 46 as follows: “Do you currently have, or have you
ever had, any of the following symptoms, diseases, or injuries diagnosed or treated
by a doctor?” The various conditions were assessed from the whole study
population in a separate analysis and compared to controls.
4.2.5 Self-reported health status and life satisfaction
Questions regarding self-reported current life satisfaction and health status were
asked in the postal questionnaires. At both ages 31 and 46, participants were asked:
“How do you feel about your current life situation?” The answer options were 1)
extremely satisfied, 2) somewhat satisfied, 3) somewhat dissatisfied, 4) extremely
dissatisfied, and 5) cannot say. The women who selected answer option 5 were
excluded from the analysis due to the small number of cases. Answers 3 and 4 were
merged due to the low number of responses.
The questionnaires also included the following question: “How do you
estimate your health status?” with answer options of 1) very good, 2) good, 3)
moderate, 4) poor, and 5) very poor. As the numbers of “very good” and “very poor”
responses were low, options 1 and 2 and options 4 and 5, respectively, were merged
for the analysis. Available data for these questions was gathered in numbers of OA
(at age 31: 329 and age 46: 247), hirsutism (at age 31: 323 and 46: 238), PCOS (at
age 31: 125 and 46: 86), and the control group (at age 31: 2182 and 46: 1613).
4.2.6 Covariates
The covariates are presented in Table 3.
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Table 3. Covariates used for Studies I–III.
Covariate

Reported

Method used

Notes

Study

Body mass

kg/m2

Weight: digital scale

If measurement was not

I, II, and III

(kg), height:

available, replaced with self-

stadiometer (cm)

reported data

index (BMI)
Change in

kg/m2

BMI

Change in BMI

III

between ages 14–31
and 31–46 years

Waist

cm

circumference

Midway point between

III

the lowest rib margin
and the iliac crest
Agilent triple

At age 31, 97.5% percentile

testosterone

quadrupole 6410

cutoff for T was 2.3 nmol/L

(T)

LC/MS device with an

and was considered a

electrospray ionization

threshold for

source operating in

hyperandrogenism.

Serum

nmol/L

I, II, and III

positive-ion mode
(Agilent Technologies)

Also, T quartiles were used
for analysis.

Sex hormone- nmol/L

At age 31, SHBG was

To adjust for level differences I, II, and III

binding

measured by using

in the assays used at the two

globulin

fluoroimmunoassay

time points (age 31 and 46

(SHBG)

(Wallac, Inc. Ltd.,

years), the values at age 31

Turku, Finland)

were amended as follows:
0.7615 x (SHBG at age 31) +

At age 46, by

0.7088.

chemiluminometric
immunoassay
(IMMULITE 2000,
Siemens Healthcare,
Llanberis, UK)
Free

Calculated as follows:

androgen

100 x T (nmol/L)/SHBG for analysis.

FAI quartiles also were used I, II, and III

index (FAI)
Education

Years

Self-reported data.

I, II, and III

Classified into three
groups according to the
number of years of
education: ≤ 9, 9‒12
and > 12 years
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Covariate

Reported

Method used

Notes

Study

Parental

History of psychosis

Was defined as a

Information about the

II

parent (mother and/or

parental psychosis was

father) having non‐

available from the disability

history of
psychosis

organic psychosis (i.e., pension register of the
ICD‐8: 295‒299;

Finnish Centre for Pensions

ICD‐9: 295, 2961E,

(1964–2005) and the CRCH

2962E, 2963E, 2964E,

(1972–2005), including

2967, 297‒299; ICD‐

outpatient registers from

10: F20, F22‒F29) at

special healthcare (1998–

any time between 1964 2005).
and 2005.
Marital status

Partnership

Self-reported data.

III

Married or cohabitating
vs. single.
Smoking

Regular

Self-reported data.

III

smoking/nonsmoking Women were
considered smokers if
they smoked at least
once per week.
Alcohol

g/day

consumption

Self-reported data.

III

Reported in grams per
day (g/day)

Depression

HSCL-25

HSCL score for

III

D ≥ 1.75 and/or self- depressive symptoms ≥
reported depression

1.75 was considered to

diagnosis

indicate more severe
depression symptoms.
Self-reported data on
diagnosed depression
according to question:
“Have you ever been
diagnosed or treated for
depression by a
physician?”

Anxiety

HSCL-25

HSCL score for anxiety

A ≥ 1.75

symptoms ≥ 1.75 was
considered to indicate
more severe anxiety
symptoms.
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III

Covariate

Reported

Method used

Notes

Study

Infertility

Current or previous

Self-reported data

The data from women

III

infertility problem

based on question:

reporting “No” and “I have

“Have you ever

never tried to get pregnant”

experienced infertility?” was pooled.
Infertility was
diagnosed if the woman
reported “Yes, I am
currently,” or “I have
previously been
affected by infertility.”
HSCL-25: Hopkins Symptom Checklist-25

4.2.7 Statistical methods and data analysis
Statistical analyses were performed using IBM SPSS Statistics 22.0, 24.0 and 25.0
(SPSS, Inc., 1989, 2013, IBM Corp.) The data of continuous variables
waspresented as mean values (+/−), standard deviation (SD) or as median values
with 25% and 75% quartiles. The differences in continuous and normally
distributed variables were analyzed with a Student’s t-test or analysis of variance
(ANOVA) followed by post hoc analyses (Tukey). The Mann–Whitney U-test and
Kruskal–Wallis H-test were used when appropriate as nonparametric methods.
Categorical data was analyzed by crosstabs and Pearson’s Chi-squared (χ2) test or
Fisher’s exact test. Binary logistic regression models were used to estimate the OR
with 95% CI and the model was also used in covariate analyses. An accurate
description of covariates is presented in Table 3. P values <0.05 were considered
statistically significant.
Specific methods in different studies
1.

2.

The changes in HSCL-25 after 15 years were analyzed using the Wilcoxon test.
The logistic regression analysis was done as a covariate analysis including BMI
or testosterone (T) in the analysis. For calculating T/FAI correlations, the
Spearman correlation was used. There were no differences between the groups
in terms of primary education; therefore, this was not included in the
adjustment analysis.
A Cox regression analysis (hazard ratio, HR) was used to estimate association
between PCOS and psychotic disorders. It was also done as a covariate analysis,
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3.

including parental psychosis, BMI, education, testosterone, or FAI in the
analysis. A Kaplan–Meier survival analysis (Mantel–Cox estimate) was used
to estimate the incidence of psychotic disorders. Parental history of psychosis
was used as a covariate.
The change in the 15D score between age 31 and age 46 was analyzed using a
paired-sample t-test. Individual 15D items and adjustments with BMI were
performed using a nonparametric analysis of covariance analysis (rank
ANCOVA). The mean 15D scores were divided into quartiles for a logistic
regression analysis to identify the risks associated with the lowest quartile.

A logistic regression analysis was performed to estimate the risk of being somewhat
or extremely dissatisfied with the current life-situation and of experiencing a poor
or very poor health status. In logistic regression with multivariate analyses, the
following possible confounding variables were used in different models. In Model
1, the adjustments were made for BMI, BMI change between ages 14 and 31 years
(at age 31) and between 31 and 46 years (at age 46), waist circumference, serum
testosterone, and FAI. In Model 2, the adjustments included education, marital
status, alcohol consumption, smoking, depression, anxiety, and infertility. In Model
3, the adjustments were made only for the significant variables from Models 1 and
2.
A generalized linear mixed model was used to account for both within-subject
(fixed effects) and between-subject (random effects) variability using the repeated
measures data. A binomial distribution was specified with a logit link. For withinsubject effects, the OR obtained from fixed effects were reported and adjusted for
the PCOS group for body mass index, waist circumference, smoking, alcohol
consumption, depression, and anxiety.
Drop-out analyses
After the data collection at age 31, there were some dropouts between follow-ups
(Fig. 5). The dropout rate varied between 27% and 39%, and was higher in the
PCOS group, although it did not reach statistical significance. The proportion of
depression diagnoses was higher, at age 31, in those who did not participate in the
follow-up study at age 46. In the PCOS groups, the proportions were 17.5% for
dropouts and 5.9% for those who participated in the follow-up study (p =.053). A
weight analysis was performed with weighted variables that included education,
marital status, and depression (Studies I and III). However, the analysis did not
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result in significant changes even after corrections for the bias of dropouts (data not
shown).
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5

Results and discussion

5.1

Long-term psychological distress in women with PCOS:
Anxiety and depression (Study I)

The aim of Study I was to investigate anxiety and depression symptoms and their
coexistence in women with PCOS or with isolated PCOS symptoms (hirsutism and
OA) at ages 31 and 46. The most important finding of the study was that women
with PCOS or isolated hirsutism presented with increased psychological distress,
anxiety, and depression, measured with the HSCL-25, at age 31 (Fig. 6). At the age
of 46, women with PCOS or isolated hirsutism showed higher scores for anxiety,
but the isolated hirsutism group also had more depression symptoms in HSCL-25
(Fig. 6). Women with isolated OA had increased scores only in anxiety and overall
HSCL-25 at age 31.

Fig. 6. The median HSCL-25 scores for anxiety and depression at ages 31 and 46 for
control women, women with isolated OA or hirsutism, and women with PCOS. ***p <
0.001, **p < 0.01, *p < 0.05 compared to controls.

For the women with PCOS or isolated hirsutism, there were considerably higher
numbers of diagnosed or treated depression cases compared to controls by age 31
(PCOS 9.6% and hirsutism: 9.0% vs controls: 5.3%; p = 0.003) and age 46 (PCOS:
25.9% and hirsutism: 20.0% vs controls: 14.0%; p = 0.003).
The results of this study support previous findings indicating an increased risk
of anxiety and depression symptoms and diagnoses in women with PCOS (Cooney
et al., 2017). According to cross-sectional studies, the risk for depression has been
shown to be 3–8 times higher, but as the majority of studies have been done with
selected populations from clinical cohorts, the risk may be overestimated (Cooney
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et al., 2017). In spite of this, the higher risk of psychological disturbances has also
been observed in population-based studies (Damone et al., 2019; Hart & Doherty,
2015; Hung et al., 2014; Tay, Teede, Hill, Loxton, & Joham, 2019).
To date, the existing evidence on longitudinal psychological health in PCOS is
limited. In the longitudinal analysis of this study, between the follow-up time points,
the only significant difference was that women with isolated hirsutism showed an
increased HSCL score for anxiety (p= 0.024). Additionally, the risk for being
diagnosed with depression between ages 31 and 46 was nearly 2 times higher for
women with PCOS (unadjusted OR 1.97; 95% CI: 1.13–3.45).
In line with this, a recent study reported that women with PCOS have a 2-fold
higher risk for depression symptoms across their lifespan. However, the depression
scores seem to decline over time and at a similar rate for both non-PCOS and PCOS
women (Greenwood, Yaffe, et al., 2019). Additionally, for depression, the
persistence rate has been found to be 63–65%, while the incidence rate was 14–19%
in two studies with median follow-up times of 5.5 and 1.8 years (Greenwood, Pasch,
et al., 2019; Kerchner et al., 2007). The incidence rate in this study was 21.3%
compared to controls 12.0% (p = 0.026), supporting the findings from previous
studies (Fig. 7).

Fig. 7. The incidence of self-reported depression diagnoses between ages 31 and 46.

5.1.1 The effect of obesity
The etiologies of the psychological comorbidities in PCOS remain poorly
understood. Obesity and other metabolic disturbances have been suggested to be
associated with the link between PCOS and psychological disturbances (StenerVictorin et al., 2019). In order to estimate the effect of BMI on the prevalence of
anxiety and depression symptoms for the study population, subgroup analyses were
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performed for different BMI groups <25 kg/m2, 25 to <30 kg/m2, and ≥30 kg/m2
(Fig. 8).

Fig. 8. A comparison of HSCL-25 anxiety and depression scores in different BMI groups.
**p < 0.01, *p < 0.05.

The main finding was that a higher BMI did not seem to be the main contributing
factor to psychological distress in PCOS. It was shown that women of normal
weight with PCOS or isolated hirsutism at age 31 had the highest scores for anxiety
and depression compared to normal weight controls. There were no differences
between the study groups when comparing the women with BMI over 30 kg/m2.
The only difference between the BMI groups was detected at age 46, where the
scores for anxiety and depression were higher for women with isolated hirsutism.
The incidental depression rate between ages 31 and 46 was also adjusted with BMI,
but the risk did not decrease.
In contrast to this result, a recent study reported BMI as having a substantial
effect on depression risk. In that study’s longitudinal data, women with PCOS and
high BMI were reported to have up to a 5-fold higher risk for depression compared
to women with PCOS and normal BMI (Greenwood, Pasch, et al., 2019). The
predisposing effect of BMI is also supported by other studies (Adali et al., 2008;
Cinar et al., 2011; Cooney et al., 2017). Despite obesity possibly being an
enhancing risk factor for psychological distress, most studies support PCOS being
an independent risk factor: a 3-fold higher risk for depression and a 6-fold higher
risk for anxiety regardless of BMI (Cooney et al., 2017). Our results showed no
evidence of higher BMI causing women to have more psychological distress. While
this is contrary to the previously mentioned study, it is supported also by other
studies (Hahn et al., 2005). The reason for this discrepancy could be that the
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proportion of obese women with PCOS in our Nordic data set was lower (26–43%)
than in the study from the United States, where the obesity rate was over 70%
(Yildiz et al., 2008). Additionally, in the general population, the effect of obesity
seems to be more predictive of depression in the United States than in Europe
(Luppino et al., 2010), which may explain the discrepancy between the data sets.
All in all, the new PCOS guideline underlines the need to identify and treat mental
disturbances when planning weight management as they may promote obesity and
disordered eating (Teede et al., 2018).
5.1.2 The effect of hyperandrogenism
Even though hyperandrogenism plays a central role in PCOS pathogenesis, and
recently animal models have shown hyperandrogenism to promote psychological
distress, our data did not reveal a link between biochemical hyperandrogenism and
psychological distress in PCOS. Indeed, there was no correlation between serum
testosterone and FAI anxiety or depression scores at age 31 or 46. The subgroup
analyses for the upper testosterone and FAI quartiles did not show an increased risk
for anxiety or depression symptoms either. However, in the FAI highest quartile
(Q4) of women with PCOS, the anxiety rate was lower than in the lower quartiles
(Q1–3) (Fig. 9). Also, biochemical hyperandrogenism was not associated with
incidental depression between ages 31 and 46.
In line with this study, other studies have not found biochemical hyperandrogenism
in PCOS to predict the risk for psychological distress (Greenwood, Yaffe, et al.,
2019; Hollinrake et al., 2007). Some studies have, however, proposed weak
associations between serum androgen levels and psychological disturbances among
women with PCOS (Cooney et al., 2017), similarly to some studies concerning
depression risks in the general female population (Bromberger et al., 2010; Milman
et al., 2015).
Given that isolated hirsutism was also shown to be a risk factor for
psychological disturbances, based not only on our results, but also those of other
studies (Barth, Catalan, Cherry, & Day, 1993; Ekbäck et al., 2013), the clinical
manifestations of androgen actions may reflect the role of hyperandrogenism better
than biochemically measured values that often target only testosterone.
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Fig. 9. The median HSCL-25 anxiety and depression scores, comparing women in the
highest quartile (Q4) of free androgen index (FAI) and testosterone (T) to those in the
lower quartiles (Q1–3). *p<0.05.

5.1.3 The effect of PCOS awareness
Clinicians sometimes ponder whether establishing a PCOS diagnosis causes harm
and unwanted stress for women. In this portion of the analysis, the purpose was to
assess whether awareness of their PCOS diagnosis would affect the anxiety and
depression status of the women. The women were asked at age 46 if they had been
diagnosed with PCOM/PCOS. By combining this data with the established
diagnosis according to PCOS symptoms at age 31, the prevalence of anxiety and
depression symptoms was analyzed in women with PCOS who were either aware
or not aware of their diagnosis by the age of 46. Interestingly, the women with
PCOS who were aware of their diagnosis more often had a higher anxiety score ≥
1.55 compared to the ones who were not aware (42.3% vs. 20% p = 0.032). A
similar trend was shown for depression (38.5% vs. 21.7%, p = 0.106). Awareness
did not relate to more severe levels of anxiety or depression symptoms (HSCL-25
≥ 1.75).
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Awareness of a PCOS diagnosis seems to produce a slight increase in the risk
of psychological distress. Although there is no evidence to confirm the effect of
awareness, the PCOS diagnosis itself may induce more severe distress.
Nevertheless, a recent study showed that the women themselves prefer having an
early diagnosis and are dissatisfied with both delays in the diagnosis and a lack of
information. This supports the need for a quick diagnosis and increasing awareness
about PCOS (Gibson-Helm et al., 2017). For women with mild symptoms, the
diagnosis may cause psychological distress and stress regarding the long-term
consequences of the syndrome (Copp et al., 2019). In 2016, Rowlands et al. studied
adolescent women with new PCOS diagnoses and preexisting PCOS diagnoses
against controls, and showed higher scores for psychological distress in both PCOS
groups, indicating that the psychological distress possibly exists early on in affected
women. However, the risk for psychological distress did not seem to be higher
among women recently diagnosed with PCOS than in women with a preexisting
diagnosis (Rowlands, Teede, Lucke, Dobson, & Mishra, 2016).
In conclusion, woman with PCOS are at a considerably high risk for psychiatric
morbidities, including beyond the reproductive years, calling for attention in
clinical care. On this account, a recent international guideline recommends
screening for anxiety and depression when diagnosing PCOS, and later, if
appropriate (Teede et al., 2018). More studies are still warranted to clarify the
psychiatric health of older women with PCOS and to determine the best treatment
modalities to support mental health in PCOS.
5.2

Risk for psychoses in women with PCOS (Study II)

The most important finding in this study was that the psychosis risk is higher for
women with PCOS, when register-based diagnoses of psychosis are utilized. The
lifetime prevalence of any psychosis by age 50 in women with PCOS was 8.1%,
compared to 2.8% for the controls (p = 0.004). Women with isolated symptoms of
hirsutism or OA were not shown to have a higher risk for psychosis. The risk for
lifetime incidence of any psychosis was 3-fold higher when using the Cox
regression model (HR 2.99, 95% CI: 1.53–5.83) (Fig. 10).
The psychosis risk between ages 31 and 50 was assessed to estimate the risk
after evaluating PCOS symptoms. The risk was also increased for this follow-up
period (HR 2.69, 95% CI: 1.21–5.94). In particular, the risk for other psychosis was
increased in PCOS (HR 3.95, 95% CI: 1.74–8.95) (Fig. 11).
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Fig. 10. The risks for any psychosis, schizophrenia, and other psychoses for women
with PCOS by age 50. The results were adjusted for parental psychosis.

Fig. 11. The risk for psychoses in women with PCOS between ages 31 and 50.

The higher risk for psychosis in PCOS has not been previously published; however,
the risk for other psychological disturbances is recognized and has been published
(Cooney et al., 2017; Teede et al., 2018). The higher prevalence of mental disorders
in PCOS, such as depression and bipolar disorders, might explain the increased
prevalence of affective psychosis such as psychotic depression (Berni et al., 2018;
Cesta et al., 2016; Cooney et al., 2017).
5.2.1 Risk of schizophrenia
Our data did not show an increased risk for schizophrenia in women with PCOS.
This finding is opposite to two previous studies reporting a 1.3–6.9-fold higher risk
for schizophrenia in PCOS (Cesta et al., 2016; Chen et al., 2020). In line with our
data, a Taiwanese study did not find any risk for schizophrenia for women with
PCOS compared to controls. However, the quite short, mean 5-year follow-up and
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prospective study design could have affected the results compared to longer studies
that did detect increased schizophrenia risk (Hung et al., 2014). Given that PCOS
symptoms were evaluated at age 31 in our data set, it might be that women with
diagnosed schizophrenia before age 31 were less likely to be included in the study
population. Indeed, it is known that severe mental disorders lower the attendance
rates in follow-up studies (Haapea et al., 2008). Moreover, to our disadvantage, age
31 is also somewhat late to assess the prospective schizophrenia risk, as most cases
of schizophrenia are diagnosed in the 20s (Kirkbride et al., 2012; Van Der Werf et
al., 2014).
5.2.2 Predisposing factors for psychosis
Besides PCOS condition, no substantial risk factors for psychosis were found in
the study population. The analysis did not show any reduction after adjusting for
parental history of psychosis, which is known to be one of the most predisposing
factors (Matheson, Shepherd, Laurens, & Carr, 2011). Interestingly, as mentioned
in the literature review, recent studies have found shared risk factors associated
with both psychosis and PCOS, including multiple metabolic and inflammatory
factors (Cordes et al., 2017; Misiak, Stańczykiewicz, Łaczmański, & Frydecka,
2017; Perry et al., 2019; Upthegrove et al., 2014), possibly explaining the
susceptibility of PCOS women to psychosis or vice versa.
The role of obesity
In our data set, BMI not being an independent risk factor for psychosis at age 31 in
women with PCOS is in line with the fact that obesity or high BMI has not been
associated with the risk for psychosis in general population (Shah et al., 2019).
Although it is known that patients with psychotic symptoms are more commonly
overweight or obese, this correlation is suggested to be related to antipsychotic
medication and an unhealthy lifestyle (Bak et al., 2014; De Hert, Cohen, et al.,
2011). The possible consequence of this among women might be that PCOS
symptoms, and even the prevalence of PCOS, are increased by weight gain
(Escobar-Morreale & Millán, 2007; Teede et al., 2013). This further highlights the
need for preventive measures against weight gain for women with psychiatric
diseases.
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The effect of hyperandrogenism
Biochemical hyperandrogenism in adulthood has not been shown to be a major
contributor to psychological distress in women with PCOS. However, certain
studies detected some associations between depression and FAI (Cooney et al.,
2017). In our analysis, the adjustments with testosterone and FAI showed a slight
reduction in the risk of psychosis, although the risk remained high (Fig. 12).
Additionally, emerging evidence supports the origin of PCOS being related, at
least partly, to prenatal hyperandrogenic condition, which is known to affect brain
development (Stener-Victorin et al., 2019, 2020). Neuropsychiatric diseases such
as ASD and ADHD, which are more prominent in males, have been shown to be
more prevalent also in women with PCOS and the offspring of PCOS-diagnosed
mothers (Cesta et al., 2020; Kosidou et al., 2016, 2017). In a rodent model, prenatal
androgenization has been shown to induce anxiety-like behavior, with maternal
obesity aggravating this trait (Hu et al., 2015). Whether this also relates to the risk
for psychotic disorders in PCOS has not been yet studied but may be an important
contributing factor.

Fig. 12. The risks for any psychosis (Hazard ratio (95%CI) for women with PCOS
between ages 31 and 50 in a model that is unadjusted, and adjusted for body mass
index (BMI), testosterone, and free androgen index (FAI).

5.2.3 Scales of psychopathology
To date, large studies considering psychopathology in women with PCOS are
lacking, with our data being the first larger data set on the subject. Our study
revealed that women with PCOS without previous diagnoses of psychosis showed
significantly increased scores on the for Physical Anhedonia scale (PAS),
Hypomanic Personality scale (HPS) and Schizoidia scale (SCHD), compared to
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asymptomatic women (Table 4). Two small studies found, as a part of Symtom
Checklist (SCL-90) assessment, psychoticism scales to be increased in women with
PCOS (Borghi et al., 2017; Elsenbruch et al., 2003). Additionally, some case reports
have been published suggesting a link between psychosis and PCOS (Andreou et
al., 2008; Genovese et al., 2016; Kopala et al., 1997; Pethö et al., 1982).
Table 4. Psychopathology scales in control women and women with PCOS at age 31
without previous diagnosis of psychosis.
Scale

Controls

PCOS

n = 1277–1281

n = 71–72

p value

SAS

7.0 [5.0, 10.0]

8.0 [6.0, 11.0]

0.065

PHAS

12.0 [9.0, 16.0]

13.0 [9.0, 16.0]

0.330

PAS

1.0 [0, 3.0]

2.0 [1.0, 4.0]

0.024

HPS

11.6 (7.0)

14.9 (8.6)

0.002

BIP2

10.3 (3.7)

11.3 (4.8)

0.093

SCHD

2.8 (1.4)

3.1 (1.5)

0.024

SAS: Social Anhedonia Scale, PHAS: Physical Anhedonia Scale, PAS: Perceptual Aberration Scale,
HPS: Hypomanic Personality Scale, BIP2: Bipolar II Scale, and SCHD: Schizoidia Scale. The results are
reported as mean (standard deviation) or median with [25% and 75% quartiles] if appropriate. The
differences between study groups are analyzed using student’s t-test or Mann–Whitney U-test.

5.3

Decreased health-related quality of life, life satisfaction, and
health status in women with PCOS (Study III)

5.3.1 HRQoL in PCOS measured with 15D
The 15D generic HRQoL measurement showed a significant decrease in HRQoL
in women with PCOS already at age 31. The 15D mean score (SD) was lower in
women with PCOS at age 31 [0.91 (0.07)] compared to asymptomatic women [0.96
(0.05), p < 0.001] and at age 46 [0.89 (0.07)] compared to controls [0.92 (0.06), p
< 0.001] (Fig. 13). This is in line with previous studies showing a decreased
HRQoL compared to asymptomatic women, measured with generic HRQoL tools
(Benetti-Pinto, Ferreira, Antunes, & Yela, 2015; Li et al., 2011; Ozcan Dag et al.,
2017; Panico et al., 2017). In addition, disease-specific HRQoL tools, including
PCOSQ and modified PCOSQ, reflect the HRQoL impairment in multiple areas of
women with PCOS (Bazarganipour et al., 2014; Greenwood, Pasch, Cedars, Legro,
& Huddleston, 2018; Khomami et al., 2015).
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As for individual items in the 15D, women with PCOS showed significantly
reduced scores, at both ages 31 and 46, in mobility, vision, sleeping, excretion,
discomfort or symptoms, and vitality compared to asymptomatic women. At age
31 the item of breathing showed lower scores in PCOS women, but not at age 46,
whereas the scores for hearing, usual activities, and depression were lower in PCOS
at age 46 but not at age 31 (Fig. 3). Overall, the results indicated that the HRQoL
was decreased in multiple areas for women with PCOS.

Fig. 13. Mean scores for individual items and sum score of 15D HRQoL measurement
for control women, women with isolated OA or H, and women with PCOS. ***p < 0.001,
**p < 0.01, p < 0.05. Results are adjusted for BMI. α: the significance appeared after BMI
adjustment. Underlined items represent significant differences between women with
PCOS and the control group.
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The results of the study support findings from a meta-analysis, which included
studies using the SF-36 measurement, comparing women with PCOS and controls.
It showed that all dimensions, in both physical and psychological functions, were
worse for the PCOS group compared to controls. The dimensions of emotional role
function, social function, vitality, and mental health were the most affected areas in
SF-36, emphasizing the impact of psychological distress on HRQoL in women with
PCOS (Li et al., 2011).
5.3.2 Risk and associated factors for decreased HRQoL
Women with PCOS showed a higher risk for being in the lowest 15D mean sum
score quartal; the unadjusted risk (logistic regression) was as much as 3.8-fold
higher at age 31 and 2.5-fold higher at age 46. When including all possible
confounding factors, such as BMI, waist circumference, testosterone, FAI,
socioeconomic and marital status, alcohol consumption, smoking, depression,
anxiety, and infertility, the risks remained (Models 1–3, Table 5).
Table 5. The risk for women with PCOS, isolated oligo-amenorrhea (OA), or hirsutism
being in the lowest 15D quartile using logistic regression model.
Model
Unadjusted
Model 1
Model 2
Model 3

Age

OA

Hirsutism

PCOS

OR (95% CI)

OR (95% CI)

OR (95% C)

31

1.33 (0.96–1.84)

1.64 (1.20–2.27)

3.84 (1.59–4.39)

46

0.94 (0.66–1.35)

1.90 (1.39–2.60)

2.51 (1.56–4.05)

31

1.13 (0.77–1.66)

1.73 (1.22–2.46)

4.46 (2.56–7.78)

46

0.86 (0.59–1.25)

1.84 (1.34–2.55)

2.13 (1.29–3.52)

31

1.41 (0.98–2.02)

1.51 (1.06–2.16)

3.19 (1.86–5.47)

46

1.06 (0.71–1.59)

1.61 (1.12–2.32)

2.27 (1.30–3.96)

31

1.43 (1.01–2.04)

1.50 (1.06–2.14)

3.74 (2.24–6.26)

46

0.98 (0.65–1.47)

1.54 (1.08–2.21)

2.11 (1.21–3.67)

Model 1: Adjusted for BMI, BMI change between ages 14 and 31 (at age 31) and between 31 and 46 (at
age 46), waist circumference, serum testosterone, free androgen index (FAI).
Model 2: Adjusted for education, marital status, alcohol consumption, smoking, depression, anxiety and
infertility.
Model 3: Significant adjustments at age 31: Alcohol, depression, and anxiety; at age 46: Waist
circumference, education, smoking, depression, and anxiety.
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5.3.3 Isolated PCOS symptoms and HRQoL
Women with isolated hirsutism showed lower HRQoL at both ages 31 and 46 (Table
5), while the effect of isolated OA did not differ from asymptomatic women in 15D
mean scores. As supported by the previous literature, hirsutism has been shown to
have a remarkable effect on the HRQoL in women in the general population
(Ekbäck et al., 2013). Additionally, in studies conducted on women with PCOS,
hirsutism was shown to be highly burdening on the HRQoL (Amiri et al., 2019;
Behboodi Moghadam et al., 2018; Cinar et al., 2011; Drosdzol et al., 2007;
Khomami et al., 2015). Hirsutism is likely to affect the appearance of women and
may therefore lower the feeling of female identity and cause psychological distress
(Keegan, Liao, & Boyle, 2003). Also, treatment options are often only partial and
time-consuming, thus possibly further decreasing the HRQoL. The most effective
treatments should be provided for women with PCOS and hirsutism, if the latter
seems to be the main problem of these women. It has been shown that the
psychological HRQoL was improved after laser treatment for hirsutism compared
to a placebo treatment, which should be noted when treating PCOS patients
(Clayton et al., 2005). However, more research is needed to confirm the efficiency
of hirsutism treatments on HRQoL.
The previous literature includes only a very limited number of studies on the
effect of menstrual irregularities on HRQoL. It has been shown that women with
PCOS already in adolescence consider their possible infertility in the future, which
may be induced by menstrual irregularities and has been shown to reduce the QoL
(Trent et al., 2003). In women with PCOS, the menstrual domain of PCOS has been
shown to be one of the most affected areas (Cinar et al., 2011).
5.3.4 Predisposing factors for decreased HRQoL
Biochemical hyperandrogenism
This study did not find any association or risk reduction between
hyperandrogenism and HRQoL. This has also been shown in other studies (Cinar
et al., 2011; Hahn et al., 2005). In a study by (Amiri et al., 2019), FAI was
associated with the total PCOSQ-50 score, as well as with the domains of hirsutism
and obesity–menstrual disorders. These findings may reflect the link between
HRQoL and the severity of PCOS. However, biochemical hyperandrogenism has
not been shown to associate well with clinical signs of hyperandrogenism, which
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likely underlines the greater role of clinical over biochemical hyperandrogenism in
the context of HRQoL (Amiri et al., 2019).
The impact of body weight on HRQoL
In the present data, most of the differences remained after adjusting for BMI, and
there were no differences between BMI groups in PCOS women (Fig. 14),
indicating overweight or obesity is not a major contributing factors for a decreased
QoL in women with PCOS. In contrast to our study, increased body weight has
been shown to be strongly associated with a lower HRQoL in a majority of studies
on women with PCOS (Barnard et al., 2007; Benetti-Pinto et al., 2015; Cinar et al.,
2011). One study suggested BMI has a stronger impact on the HRQoL than PCOS
itself (Álvarez-Blasco et al., 2010), which has also been observed in adolescent
women with PCOS (Trent et al., 2005). This is supported by findings in the general
population, where obesity increases the risk for chronic diseases and impairs body
image (especially among women), thereby negatively affecting social life and
psychological functions (Korhonen et al., 2014; Mannucci et al., 2010).

Fig. 14. The 15D mean score in different BMI groups of women with PCOS and controls.
***p < 0.001, *p < 0.05.

The fact that our data did not show a major link between BMI and HRQoL indicates
the possibility of cultural differences in the perception of obesity (Khomami et al.,
2015). The findings may also be affected by the fact that there were fewer obese
women with PCOS in our cohort, compared to PCOS populations reported in other
countries, where up to 60–80% of women are obese. A comparison of Brazilian and
Austrian women with PCOS showed that, despite being significantly leaner, the
Austrian women rated their weight domain of PCOSQ similarly to the Brazilian
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women. This indicates that the perception of the weight domain being burdensome
highlights cultural differences regarding overweight or obesity (Hashimoto et al.,
2003). In addition, another study, by Coffey et al., showed worse scales in the
weight domain in PCOS even after adjusting for BMI. Interestingly, PCOS women
with normal weight also reported impaired scales in the weight domain, suggesting
stress related to weight management without overweight or obesity (Coffey et al.,
2006). Indeed, it is known that women with PCOS are more susceptible to weight
gain, potentially requiring more effort toward weight management and,
consequentially, increasing their stress levels and lowering the HRQoL.
The effect of psychological distress
In the multivariate regression analysis, psychological disturbances, which included
depression and anxiety, showed the largest contribution to the risk for the lowest
15D quartile (data not shown). Also, a significant effect was seen when comparing
women with PCOS and controls with or without anxiety or depression (Fig. 15).

Fig. 15. The comparison of HSCL-25 scores in women with PCOS or isolated PCOS
symptoms and controls, who had anxiety or depression. ***p < 0.001, **p < 0.01, *p <
0.05 compared to controls.

Previous studies also highlighted the impact of psychological distress on HRQoL
in women with PCOS. In a meta-analysis using a generic HRQoL tool, women with
PCOS showed impaired HRQoL, especially in the emotional role function,
compared to non-PCOS controls (Li et al., 2011). Additionally, other studies have
suggested psychological functions are the most affected in PCOS (Bazarganipour
et al., 2014). In a study using PCOSQ, emotional problems were perceived as the
third most burdensome issue, after menstrual irregularities and hirsutism (Cinar et
al., 2011). In line with this, studies have shown that the HRQoL is lower in women
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with PCOS who also have psychological disturbances (Barnard et al., 2007; Ching
et al., 2007). As psychological health is part of the HRQoL and is included in most
HRQoL measurements, this might lead to an overadjustment of the results.
However, depression or anxiety symptoms, and/or diagnosis of these, greatly
affected the mean sum scores for 15D in our analysis also, highlighting the
importance of the psychological evaluation of affected women.
A study by Greenwood et al. found that in PCOSQ, depressed women with
PCOS rated their domains worse than nondepressed PCOS women did. The role of
weight was observed to be secondary to depression in HRQoL, as the weight
domain in depressed women was not associated with BMI, in contrast to the
nondepressed women who did display an association between BMI and HRQoL
(Greenwood, Pasch, Cedars, Legro, & Huddleston, 2018). This might reflect the
holistic experience of PCOS symptoms and highlights the importance of preventing
and treating psychological disturbances in affected women to improve their
HRQoL. Interestingly, a study by Ching et. al. showed that the quality and quantity
of patient information on PCOS in general and in the specific areas of hirsutism,
menstrual disturbances, and long-term health was associated with a better HRQoL
(Ching et al., 2007). Adequate information and support should therefore be
provided when treating and diagnosing women with PCOS, as this might have
further consequences for a person’s health and QoL.
The effect of infertility
In the present study, infertility was not associated with HRQoL, and the comparison
of women with and without infertility did not show any differences between study
groups (Fig. 16). However, the differences in the 15D mean scores between the
study groups, regardless of infertility status, remained. This supports the
assumption that factors other than infertility play a more significant role in HRQoL
for women with PCOS.
In contrast to our findings, some studies have suggested infertility is a highly
important factor in decreasing HRQoL in women with PCOS (Bazarganipour et al.,
2014; Dilbaz et al., 2012). Other studies, which align with our results, have reported
infertility does not play a major role in affecting HRQoL in women with PCOS
(Greenwood, Pasch, Cedars, Legro, & Huddleston, 2018; Tan et al., 2008).
Although the results vary, cultural differences in the experience of infertility and
appreciation of reproductive capability have been shown to exist (Schmid et al.,
2004).
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Fig. 16. The comparison of 15D mean scores in control and PCOS groups for women
with and without a history of infertility. **p < 0.01, *p < 0.05.

It is obvious that infertility causes stress and possibly a decrease in the HRQoL,
both of which should be taken into account when treating women with infertility
(Chen et al., 2004; Klemetti et al., 2010). Despite the increased need for infertility
treatments among PCOS women, the prognosis for assisted reproduction treatment
(ART) is good. Also, women with PCOS have been shown to give birth to at least
one child with the same probability as asymptomatic women (Joham et al., 2015;
West et al., 2014). Overall, information on the good prognosis regarding fertility
and knowledge of treatment options in ART and support of lifestyle changes,
especially weight management, should be made easily accessible for women with
PCOS.
5.3.5 Changes over time in HRQoL in PCOS
Studies determining the HRQoL in women with PCOS at older ages and with a
longitudinal approach are scarce. In our data, the sum scores of HRQoL between
ages 31 and 46 declined in both the PCOS and control groups, and no significant
differences in this decline were observed between the study groups. The reduction
in HRQoL with aging has been also shown in other chronic disease populations.
Saarni et al. suggested that the decline is mostly due to an increased prevalence of
morbidities, but the severity of some conditions can also vary by age. However,
they also found that psychiatric conditions are most burdensome at young ages, and
that the impact decreased after the age of 55 (Saarni et al., 2007).
The risk for a decreased QoL in women with PCOS showed a decline from age
31 to 46, possible indicating that the impact of PCOS on HRQoL may be somewhat
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relieved, although the risk for a low HRQoL remained over 2-fold higher. The over
3.7-fold higher risk for low HRQoL at age 31 most likely reflects the burden of
PCOS symptoms at younger ages. This is supported by a study by Amiri et al., who
found that women 30 years of age or older showed better HRQoL in the total score
of PCOSQ measurements compared to women younger than 30 years old, although
no differences were found between the separate domains (M. Amiri et al., 2019).
Additionally, a study assessing PCOSQ showed that HRQoL increased with age,
although the women with POCS were still fairly young, with a mean age of 28.02
± 5.70 (SD) (Khomami et al., 2015). Another study found that increasing age in
women with PCOS was associated with lower physical functions, using the generic
SF-36 HRQoL instrument (Ching et al., 2007).
All in all, the data may support the notion that older women with PCOS might
experience symptom relief-related improvement, or stability in their HRQoL, or
adaptation to the PCOS status with aging. However, the high morbidity rate,
including many chronic diseases such as asthma, type-2 diabetes, and obesity,
among women with PCOS, most likely predisposes the women to a poorer HRQoL
in the long term. Overall, more studies are warranted to assess the HRQoL in
women with PCOS beyond the reproductive years.
5.3.6 HRQoL in PCOS and in other chronic conditions
To estimate the HRQoL in PCOS and in other chronic conditions, the mean sum
score of 15D values was also assessed for women suffering from asthma, migraine,
rheumatoid arthritis, and depression, all of whom had a significantly decreased
mean HRQoL at both ages 31 and 46 compared to controls (Saarni et al., 2006).
The means of the 15D sum scores for asthma, migraine, and rheumatoid arthritis
were similar to or lower than those for PCOS when considering the minimum
change of 0.015 in 15D measurement (Alanne et al., 2015). The mean sum score of
15D for depressed women, however, showed slightly lower scores than for women
with PCOS.
A study by Coffey et al. supported the finding that the HRQoL in PCOS is as
low as in other chronic conditions. They found that even though the physical
HRQoL was the same as or better than in asthma, epilepsy, diabetes, back pain,
arthritis, or coronary heart disease, the women with PCOS had a lower
psychological HRQoL score compared to the aforementioned chronic conditions
(Coffey et al., 2006).
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Fig. 17. The comparison of 15D mean sum score in PCOS and other chronic conditions.
***p < 0.001, **p < 0.01 compared to controls.

5.3.7 Health status
Women with PCOS and isolated hirsutism reported lower health statuses at both 31
and 46 compared to controls. At age 31, a poor or very poor health status was
reported by 8.8% of women with PCOS and 4.6% of women with isolated hirsutism,
compared to 2.6% for controls (p < 0.001). At age 46, the proportion of women
reporting a poor or very poor health status was higher in women with PCOS (11.8%)
or isolated hirsutism (4.8%) compared to controls (3.3%, p < 0.001).

Fig. 18. The proportion of women reporting a poor or very poor, moderate, or very good
or good health status in control women, women with isolated OA or H, and women with
PCOS. ***p < 0.001, **p < 0.01, *p < 0.05 compared to controls.
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In a logistic regression analysis, the risk for reporting a poor or very poor health
status was increased for women with PCOS both at age 31 (OR 3.60, 95% CI: 1.84–
7.05) and at age 46 (OR 3.85, 95% CI: 1.84–7.05). After adjusting for significant
confounding factors in Model 3 (at age 31: smoking, depression, and anxiety; at
age 46: smoking, depression, anxiety, and waist circumference), the risk remained
nearly 3-fold higher (OR 2.92, 95% CI: 1.44–5.92) at age 31 and was 2.46-fold
higher (95% CI: 1.01–6.03) at age 46 (Fig. 19).

Fig. 19. The risks for reporting very poor or poor health status for women with PCOS.

5.3.8 Life satisfaction
Life satisfaction (being somewhat or extremely dissatisfied) was decreased in
women with PCOS (16.5%) and isolated hirsutism (10.5%) at age 31 compared to
controls (7.0%, p < 0.001). Also, the proportion of women who reported being
extremely satisfied was lowered in women with PCOS (16.5%) and isolated
hirsutism (15.7%) compared to controls (25.5%, p < 0.001). At age 46, only women
with PCOS reported significantly more life dissatisfaction (16.5%) compared to
controls (8.4%, p = 0.011) (Fig. 20).
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Fig. 20. The proportions (%) of women reporting satisfaction with their current life
situation. ***p < 0.001, **p < 0.01, *p < 0.05 compared to control women.

There are very few previous studies on life satisfaction and PCOS. However, the
results support a study by Rzońca et al. in which life satisfaction was decreased for
women with PCOS (Rzońca et al., 2018). Another previous study did not find a
decrease in life satisfaction in PCOS, although increased psychological distress was
detected in affected women (Cipkala-Gaffin et al., 2012).
In a logistic regression analysis, the risk for reporting low life satisfaction was
increased at both ages 31 and 46 for women with PCOS compared to controls
(unadjusted OR 31: 2.65, 95% CI: 1.59–4.39; and 46: 2.11, 95% CI: 1.16–3.85).
After adjustment in Model 3, including significant confounding factors of marital
status, smoking, depression, and anxiety, the risk remained significant at age 31
(OR 2.39, 95% CI: 1.36–4.17), but did not reach statistical significance at age 46
(OR 1.77, 95% CI: 0.91–3.44) (Fig. 21). The decrease of OR in women with PCOS
at age 46 compared to age 31 might reflect the relief in PCOS symptoms when
approaching menopausal age. This has also been shown in other life satisfaction
studies, as in the general population life satisfaction typically increases after midlife
(Steptoe et al., 2015; Stone et al., 2010).
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Fig. 21. The risk of women with PCOS being extremely or somewhat dissatisfied with
their current life situation.

In one study, the risk factors for decreased life satisfaction were a higher BMI and
the duration of being diagnosed with PCOS (Rzońca et al., 2018). However, having
children, satisfaction toward socioeconomic status, and a higher QoL were
associated with better life satisfaction. In contrast to that study, we did not find any
association between BMI, infertility, or socioeconomic status and life satisfaction
in PCOS. However, depression and anxiety contributed most to the decrease in life
satisfaction. The effect of psychological disturbances, especially depression and
anxiety, on life satisfaction has been noted to be even more burdening than that of
physical conditions in the general population (Strine et al., 2008; Vázquez et al.,
2014). This highlights the importance of considering psychological distress in
PCOS, which seems to decrease QoL and life satisfaction substantially in affected
women.
5.4

Future prospective

The current literature and our studies underline the need to increase the awareness
of PCOS and related psychological comorbidities among healthcare professionals
and the women themselves. It is important to raise awareness in a positive and
supportive environment, preferably with a multidisciplinary approach. All this
warrants the use of healthcare resources. More research is required to understand
the factors predisposing women with PCOS to psychological distress and an
impaired HRQoL. Additionally, psychological distress and the QoL profile in
PCOS beyond menopause should be investigated. Given the sparse data on
treatment strategies, intervention studies are also required to test and develop
effective treatments in this female population. The emerging evidence on
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transgenerational transmission of the psychological morbidity underlines the need
to also explore preventive strategies.
5.5

Strengths and limitations

The main strength of the study is the unique NFBC66 population-based birth cohort,
which provides an opportunity to study the effect of PCOS symptoms on
psychological disturbances and the HRQoL from early adulthood to late
reproductive age. The cohort provides a sample of women of similar age as well as
minimal ethnic, geographic, and socioeconomic variation. It did not specifically
target PCOS and thus provides an advantage over selected populations enrolled
from infertility and endocrine clinics. In the study, well-validated instruments,
HSCL-25 and 15D, were used to assess psychological distress and HRQoL.
The data was linked to the comprehensive and well-validated national register
data, when assessing more severe psychiatric disorders (psychosis and
schizophrenia) (Perälä et al., 2007). Also, a history of parental psychoses was
available as a confounding variable through these registers. The study utilized other
confounding factors from the extensive data set, including measurements of
biochemical hyperandrogenism. Self-reported data of previously treated and/or
diagnosed depression by a physician was utilized as well. These diagnoses were
previously not recorded in hospital discharge registers, as depression has been
typically diagnosed and/or treated by general practitioners and only the most severe
cases have been inserted into hospital discharge registers.
As for the limitations of the study, an obvious one is the self-reported PCOS
diagnosis based on questions about symptoms of OA and hirsutism. However,
previous studies have shown that these two questions are valid in identifying
women with the typical endocrine and metabolic profiles of PCOS (Taponen,
Ahonkallio, et al., 2004; Taponen et al., 2003; Taponen, Martikainen, et al., 2004).
Recently, PCOS diagnoses based on self-reported hirsutism and OA have been
proven by other authors to be reliable and usable in epidemiological studies (Chan
et al., 2020). Indeed, in general practice also, the diagnosis of OA is gathered only
from self-reports. In 1996, when the questionnaire was constructed, the Rotterdam
criteria had not yet been established, although the NIH criteria, in which OA and
hirsutism are included in the diagnosis of PCOS, were available. Furthermore,
according to the Rotterdam criteria and the latest guidelines on PCOS,
ultrasonography is not mandatory for PCOS diagnosis, if OA and hirsutism or
biochemical hyperandrogenism are present (Teede et al., 2018; The Rotterdam
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ESHRE/ASRM-sponsored PCOS consensus workshop group, 2004). It is also
worth noting that these two simple questions are able to identify a remarkable group
of women who are at a higher risk for lower HRQOL and psychological
disturbances, even including serious psychiatric diseases such as psychoses.
Awareness of PCOS was based on a self-reported diagnosis of PCOM/PCOS,
which was not specific for PCOS. We were not able to determine from our data
whether the higher rate of anxiety symptoms was a direct result of the given
diagnoses or whether the women with diagnoses have more burdensome symptoms
and thus are subjected to more stress.
Although there have been some drop-outs from the cohort, the participation
and response rates have remained exceptionally high throughout the follow-ups.
Our drop-out analyses reflected an impaired psychosocial situation and higher
psychological distress at age 31 compared to those who attended the follow-up at
age 46. This occurrence of psychiatric diseases, which reduces the attendance at
follow-ups, has been shown in this cohort previously (Haapea et al., 2008); thus,
the results of the present study possibly underestimates the risk of psychological
disturbances altogether.
This study did not find an increased risk for schizophrenia, which has been
suggested in other studies (Cesta et al., 2016; Chen et al., 2020). However, in this
study the number of women with both PCOS and schizophrenia was very low,
which may have led to an underpowered analysis. The study setting is not optimal
for this condition, as the first follow-up was performed for women of age 31. This
is somewhat late, as the highest incidence of schizophrenia for women lies between
the ages of 25 and 29 (Kirkbride et al., 2012; Van Der Werf et al., 2014). As
schizophrenia and other psychoses greatly affect a person’s health and ability to
function, it has been shown to be linked with a lower attendance in cohort data
collection (Haapea et al., 2008). Thus, there is a possibility that these individuals
were not included in the study population because of an inability to confirm their
possible PCOS symptoms.
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Conclusions
This study shows that, from a general female population, it is possible to
identify those who are at a higher risk of psychological disturbances and a
lower HRQoL using only two simple questions.
Women with PCOS have an increased risk for symptoms related to anxiety and
depression.
Awareness of a PCO/PCOS diagnosis was associated with an increased rate of
milder anxiety symptoms, but not with severe anxiety and/or depression
symptoms.
Women with PCOS seem to be at a considerably higher risk of psychosis, even
when accounting for the heritability of this disease. A prospective analysis,
after the occurrence of PCOS symptoms, confirmed this risk. The risk of
schizophrenia was not shown to be increased among women with PCOS in our
study. However, it might be still elevated given that the typical onset for
schizophrenia is 25–29 years, which is earlier than the follow-up age of 31
when the symptoms of PCOS were defined in this study. Also, the scales
assessing psychopathology supported the finding of psychiatric disturbances.
This study shows that, from a general female population, it is possible to
identify those who are at a higher risk of psychological disturbances and a
lower HRQoL using only two simple questions.
Psychological disturbances and a decreased QoL are not significantly affected
by common findings in PCOS, e.g., obesity or biochemical hyperandrogenism.
Isolated hirsutism was shown to have similar effects as PCOS, suggesting a
role for hyperandrogenism. Prenatal hyperandrogenism exposure did not
become evident in this study, but it might provide an explanation for the
etiology of the psychological disturbances in PCOS

101

102

References
Abbott, D. H., Barnett, D. K., Levine, J. E., Padmanabhan, V., Dumesic, D. A., Jacoris, S.,
& Tarantal, A. F. (2008). Endocrine antecedents of polycystic ovary syndrome in fetal
and infant prenatally androgenized female rhesus monkeys. Biology of Reproduction,
79(1), 154–163. https://doi.org/10.1095/biolreprod.108.067702
Abbott, D. H., Dumesic, D. A., & Levine, J. E. (2019). Hyperandrogenic origins of
polycystic ovary syndrome—implications for pathophysiology and therapy. Expert
Review
of
Endocrinology
and
Metabolism,
14(2),
131–143.
https://doi.org/10.1080/17446651.2019.1576522
Abdollahi, L., Mirghafourvand, M., Babapour, J. K., & Mohammadi, M. (2019).
Effectiveness of cognitive-behavioral therapy (CBT) in improving the quality of life
and psychological fatigue in women with polycystic ovarian syndrome: A randomized
controlled clinical trial. Journal of Psychosomatic Obstetrics and Gynecology, 40(4),
283–293. https://doi.org/10.1080/0167482X.2018.1502265
Adali, E., Yildizhan, R., Kurdoglu, M., Kolusari, A., Edirne, T., Sahin, H. G., … Kamaci,
M. (2008). The relationship between clinico-biochemical characteristics and psychiatric
distress in young women with polycystic ovary syndrome. Journal of International
Medical Research, 36(6), 1188–1196. https://doi.org/10.1177/147323000803600604
Akiskal, H. S., Maser, J. D., Zeller, P. J., Endicott, J., Coryell, W., Keller, M., … Goodwin,
F. (1995). Switching from "unipolar" to bipolar II: An 11-year prospective study of
clinical and temperamental predictors in 559 patients. Archives of General Psychiatry,
52(2), 114–123. https://doi.org/10.1001/archpsyc.1995.03950140032004
Alanne, S., Roine, R. P., Räsänen, P., Vainiola, T., & Sintonen, H. (2015). Estimating the
minimum important change in the 15D scores. Quality of Life Research, 24(3), 599–
606. https://doi.org/10.1007/s11136-014-0787-4
Alhussain, F., Alruthia, Y., Al-Mandeel, H., Bellahwal, A., Alharbi, F., Almogbel, Y., …
Alharbi, F. A. (2020). Metformin improves the depression symptoms of women with
polycystic ovary syndrome in a lifestyle modification program. Patient Preference and
Adherence, 14, 737–746. https://doi.org/10.2147/PPA.S244273
Allison, D. B., Newcomer, J. W., Dunn, A. L., Blumenthal, J. A., Fabricatore, A. N., Daumit,
G. L., … Alpert, J. E. (2009). Obesity among those with mental disorders. A National
Institute of Mental Health meeting report. American Journal of Preventive Medicine,
36(4), 341–350. https://doi.org/10.1016/j.amepre.2008.11.020
Alur-Gupta, S., Chemerinski, A., Liu, C., Lipson, J., Allison, K., Sammel, M. D., & Dokras,
A. (2019). Body-image distress is increased in women with polycystic ovary syndrome
and mediates depression and anxiety. Fertility and Sterility, 112(5), 930–938.
https://doi.org/10.1016/j.fertnstert.2019.06.018
Álvarez-Blasco, F., Luque-Ramírez, M., & Escobar-Morreale, H. F. (2010). Obesity impairs
general health-related quality of life (HR-QoL) in premenopausal women to a greater
extent than polycystic ovary syndrome (PCOS). Clinical Endocrinology, 73(5), 595–
601. https://doi.org/10.1111/j.1365-2265.2010.03842.x
103

Amini, M., Bahmani, F., Foroozanfard, F., Vahedpoor, Z., Ghaderi, A., Taghizadeh, M., …
Asemi, Z. (2018). The effects of fish oil omega-3 fatty acid supplementation on mental
health parameters and metabolic status of patients with polycystic ovary syndrome: a
randomized, double-blind, placebo-controlled trial. Journal of Psychosomatic
Obstetrics and Gynecology, Sep 19, 1–9. https://doi.org/10.1080/0167482X.
2018.1508282
Amiri, M., Bidhendi Yarandi, R., Nahidi, F., Tohidi, M., & Ramezani Tehrani, F. (2019).
The relationship between clinical and biochemical characteristics and quality of life in
patients with polycystic ovary syndrome. Clinical Endocrinology, 90(1), 129–137.
https://doi.org/10.1111/cen.13858
Amiri, S., & Behnezhad, S. (2019a). Depression and risk of disability pension: A systematic
review and meta-analysis. International Journal of Psychiatry Medicine, May 6,
9121741983. https://doi.org/10.1177/0091217419837412
Amiri, S., & Behnezhad, S. (2019b). Obesity and anxiety symptoms: a systematic review
and meta-analysis. Neuropsychiatrie, 33(2), 72–89. https://doi.org/10.1007/s40211019-0302-9
Andersen, M., & Lobel, M. (1995). Predictors of health self-appraisal: What’s involved in
feeling healthy? Basic and Applied Social Psychology, 16(1-2), 121–136.
https://doi.org/10.1207/s15324834basp1601&2_8
Anderson, S. E., Cohen, P., Naumova, E. N., Jacques, P. F., & Must, A. (2007). Adolescent
obesity and risk for subsequent major depressive disorder and anxiety disorder:
Prospective
evidence.
Psychosomatic
Medicine,
69(8),
740–747.
https://doi.org/10.1097/PSY.0b013e31815580b4
Andreou, C., Syngelakis, M., & Karavatos, A. (2008). Metformine for psychosis associated
with the menstrual cycle in a patient with polycystic ovary syndrome, 11(5–6), 387–
388. Archives of Women’s Mental Health–. https://doi.org/10.1007/s00737-008-00327
Andrews, F., & Withey, S. (1976). Social indicators of well-being: American perceptions of
quality of life. Social Indicators of Well-Being. https://doi.org/10.1007/978-1-46842253-5
Au, N., & Johnston, D. W. (2014). Self-assessed health: What does it mean and what does
it hide? Social Science and Medicine, 121, 21–28. https://doi.org/
10.1016/j.socscimed.2014.10.007
Azziz, R. (2016). PCOS in 2015: New insights into the genetics of polycystic ovary
syndrome. Nature Reviews Endocrinology, 12(2), 74–75. https://doi.org/
10.1038/nrendo.2015.230
Azziz, R., Black, V., Hines, G. A., Fox, L. M., & Boots, L. R. (1998). Adrenal androgen
excess in the polycystic ovary syndrome: Sensitivity and responsivity of the
hypothalamic–pituitary–adrenal axis. Journal of Clinical Endocrinology and
Metabolism, 83(7), 2317–23. https://doi.org/10.1210/jc.83.7.2317
Azziz, R, Carmina, E., Chen, Z., Dunaif, A., Laven, J. S. E., Legro, R. S., … Yildiz, B. O.
(2016). Polycystic ovary syndrome. Nature Reviews Disease Primers, Aug 11, 16057.
https://doi.org/10.1038/nrdp.2016.57
104

Azziz, R, Carmina, E., Dewailly, D., Diamanti-Kandarakis, E., Escobar-Morreale, H. F.,
Futterweit, W., … Witchel, S. F. (2006). Position statement: Criteria for defining
polycystic ovary syndrome as a predominantly hyperandrogenic syndrome: An
androgen excess society guideline. Journal of Clinical Endocrinology and Metabolism,
91(11), 4237–4245. https://doi.org/10.1210/jc.2006-0178
Baird, B. M., Lucas, R. E., & Donnellan, M. B. (2010). Life satisfaction across the lifespan:
Findings from two nationally representative panel studies. Social Indicators Research,
99(2), 183–203. https://doi.org/10.1007/s11205-010-9584-9
Bak, M., Fransen, A., Janssen, J., Van Os, J., & Drukker, M. (2014). Almost all
antipsychotics result in weight gain: A meta-analysis. PLoS ONE, 9(4), e94112.
https://doi.org/10.1371/journal.pone.0094112
Barnard, L., Ferriday, D., Guenther, N., Strauss, B., Balen, A. H., & Dye, L. (2007). Quality
of life and psychological well being in polycystic ovary syndrome. Human
Reproduction, 22(8), 2279–2286. https://doi.org/10.1093/humrep/dem108
Baron-Cohen, S., Auyeung, B., Nørgaard-Pedersen, B., Hougaard, D. M., Abdallah, M. W.,
Melgaard, L., … Lombardo, M. V. (2015). Elevated fetal steroidogenic activity in
autism. Molecular Psychiatry, 20(3), 369–376. https://doi.org/10.1038/mp.2014.48
Barrett, E. S., Hoeger, K. M., Sathyanarayana, S., Abbott, D. H., Redmon, J. B., Nguyen, R.
H. N., & Swan, S. H. (2018). Anogenital distance in newborn daughters of women with
polycystic ovary syndrome indicates fetal testosterone exposure. Journal of
Developmental
Origins
of
Health
and
Disease,
9(3),
307–314.
https://doi.org/10.1017/S2040174417001118
Barry, D., Pietrzak, R. H., & Petry, N. M. (2008). Gender differences in associations between
body mass index and DSM-IV mood and anxiety disorders: Results from the National
Epidemiologic Survey on Alcohol and Related Conditions. Annals of Epidemiology,
18(6), 458–466. https://doi.org/10.1016/j.annepidem.2007.12.009
Barry, J. A., Azizia, M. M., & Hardiman, P. J. (2014). Risk of endometrial, ovarian and
breast cancer in women with polycystic ovary syndrome: A systematic review and
meta-analysis. Human Reproduction Update, 20(5), 748–758. https://doi.org/
10.1093/humupd/dmu012
Barth, J. H., Catalan, J., Cherry, C. A., & Day, A. (1993). Psychological morbidity in women
referred for treatment of hirsutism. Journal of Psychosomatic Research, 37(6), 615–
619. https://doi.org/10.1016/0022-3999(93)90056-L
Baumeister, D., Lightman, S. L., & Pariante, C. M. (2014). The interface of stress and the
HPA axis in behavioural phenotypes ofmental illness. Current Topics in Behavioral
Neurosciences, 18, 13–24. https://doi.org/10.1007/7854_2014_304
Baxter, A. J., Scott, K. M., Vos, T., & Whiteford, H. A. (2013). Global prevalence of anxiety
disorders: A systematic review and meta-regression. Psychological Medicine, 42(5),
897–910. https://doi.org/10.1017/S003329171200147X
Baxter, A. J., Vos, T., Scott, K. M., Ferrari, A. J., & Whiteford, H. A. (2014). The global
burden of anxiety disorders in 2010. Psychological Medicine, 44(11), 2363–2374.
https://doi.org/10.1017/S0033291713003243

105

Bazarganipour, F., Ziaei, S., Montazeri, A., Foroozanfard, F., Kazemnejad, A., &
Faghihzadeh, S. (2014). Health-related quality of life in patients with polycystic ovary
syndrome (PCOS): A model-based study of predictive factors. Journal of Sexual
Medicine, 11(4), 1023–1032. https://doi.org/10.1111/jsm.12405
Behboodi Moghadam, Z., Fereidooni, B., Saffari, M., & Montazeri, A. (2018). Polycystic
ovary syndrome and its impact on Iranian women’s quality of life: A population-based
study. BMC Women’s Health, 18(1), 164. https://doi.org/10.1186/s12905-018-0658-1
Benetti-Pinto, C. L., Ferreira, S. R., Antunes, A., & Yela, D. A. (2015). The influence of
body weight on sexual function and quality of life in women with polycystic ovary
syndrome. Archives of Gynecology and Obstetrics, 291(2), 451–455.
https://doi.org/10.1007/s00404-014-3423-1
Benson, S., Arck, P. C., Tan, S., Hahn, S., Mann, K., Rifaie, N., … Elsenbruch, S. (2009).
Disturbed stress responses in women with polycystic ovary syndrome.
Psychoneuroendocrinology, 34(5), 727–735. https://doi.org/ 10.1016/j.psyneuen.
2008.12.001
Benson, S., Hahn, S., Tan, S., Mann, K., Janssen, O. E., Schedlowski, M., & Elsenbruch, S.
(2009). Prevalence and implications of anxiety in polycystic ovary syndrome: Results
of an internet-based survey in Germany. Human Reproduction, 24(6), 1446–1451.
https://doi.org/10.1093/humrep/dep031
Benson, S., Janssen, O. E., Hahn, S., Tan, S., Dietz, T., Mann, K., … Elsenbruch, S. (2008).
Obesity, depression, and chronic low-grade inflammation in women with polycystic
ovary
syndrome.
Brain,
Behavior,
and
Immunity,
22(2),
177–184.
https://doi.org/10.1016/j.bbi.2007.07.003
Benyamini, Y., Idler, E. L., Leventhal, H., & Leventhal, E. A. (2000). Positive affect and
function as influences on self-assessments of health: Expanding our view beyond illness
and disability. Journals of Gerontology: Series B, Psychological Sciences and Social
Sciences, 55(2), 107–116. https://doi.org/10.1093/geronb/55.2.P107
Bergemann, N., Parzer, P., Runnebaum, B., Resch, F., & Mundt, C. (2007). Estrogen,
menstrual cycle phases, and psychopathology in women suffering from schizophrenia.
Psychological
Medicine,
37(10),
1427–1436.
https://doi.org/10.1017/
S0033291707000578
Berni, T. R., Morgan, C. L., Berni, E. R., & Rees, D. A. (2018). Polycystic ovary syndrome
is associated with adverse mental health and neurodevelopmental outcomes, 103(6),
2116–2125.
Journal
of
Clinical
Endocrinology
and
Metabolism.
https://doi.org/10.1210/jc.2017-02667
Bhattacharya, S. M., & Jha, A. (2010). Prevalence and risk of depressive disorders in women
with polycystic ovary syndrome (PCOS). Fertility and Sterility, 94(1), 357–359.
https://doi.org/10.1016/j.fertnstert.2009.09.025
Blanchflower, D. G., & Oswald, A. J. (2008). Is well-being U-shaped over the life cycle?
Social
Science
and
Medicine,
66(8),
1733–1749.
https://doi.org/
10.1016/j.socscimed.2008.01.030

106

Borges, S., Gayer-Anderson, C., & Mondelli, V. (2013). A systematic review of the activity
of the hypothalamic–pituitary–adrenal axis in first episode psychosis.
Psychoneuroendocrinology,
38(5),
603–611.
https://doi.org/10.1016/
j.psyneuen.2012.12.025
Borghi, L., Leone, D., Vegni, E., Galiano, V., Lepadatu, C., Sulpizio, P., & Garzia, E. (2017).
Psychological distress, anger and quality of life in polycystic ovary syndrome:
Associations with biochemical, phenotypical and socio-demographic factors. Journal
of
Psychosomatic
Obstetrics
and
Gynecology,
39(2),
128–137.
https://doi.org/10.1080/0167482X.2017.1311319
Bornstein, S. R., Schuppenies, A., Wong, M. L., & Licinio, J. (2006). Approaching the
shared biology of obesity and depression: The stress axis as the locus of gene–
environment
interactions.
Molecular
Psychiatry,
11(10),
892–902.
https://doi.org/10.1038/sj.mp.4001873
Boschloo, L., Schoevers, R. A., Beekman, A. T. F., Smit, J. H., Van Hemert, A. M., &
Penninx, B. W. J. H. (2014). The four-year course of major depressive disorder: The
role of staging and risk factor determination. Psychotherapy and Psychosomatics, 83(5),
279–288. https://doi.org/10.1159/000362563
Bozdag, G., Mumusoglu, S., Zengin, D., Karabulut, E., & Yildiz, B. O. (2016). The
prevalence and phenotypic features of polycystic ovary syndrome: A systematic review
and
meta-analysis.
Human
Reproduction,
31(12),
2841–2855.
https://doi.org/10.1093/humrep/dew218
Brassard, M., AinMelk, Y., & Baillargeon, J. P. (2008). Basic infertility including polycystic
ovary syndrome. Medical Clinics of North America, 92(5), 1163–1192.
https://doi.org/10.1016/j.mcna.2008.04.008
Breidablik, H. J., Meland, E., & Lydersen, S. (2008). Self-rated health in adolescence: A
multifactorial composite. Scandinavian Journal of Public Health, 36(1), 12–20.
https://doi.org/10.1177/1403494807085306
Bromberger, J. T., Schott, L. L., Kravitz, H. M., Sowers, M. F., Avis, N. E., Gold, E. B., …
Matthews, K. A. (2010). Longitudinal change in reproductive hormones and depressive
symptoms across the menopausal transition: Results from the Study of Women’s Health
Across the Nation (SWAN). Archives of General Psychiatry, 67(6), 598–607.
https://doi.org/10.1001/archgenpsychiatry.2010.55
Bromet, E., Andrade, L. H., Hwang, I., Sampson, N. A., Alonso, J., de Girolamo, G., …
Kessler, R. C. (2011). Cross-national epidemiology of DSM-IV major depressive
episode. BMC Medicine, Jul 26;9:90. https://doi.org/10.1186/1741-7015-9-90
Brown, P. J. (1991). Culture and the evolution of obesity. Human Nature–.
https://doi.org/10.1007/BF02692180
Brutocao, C., Zaiem, F., Alsawas, M., Morrow, A. S., Murad, M. H., & Javed, A. (2018).
Psychiatric disorders in women with polycystic ovary syndrome: A systematic review
and meta-analysis. Endocrine, 62(7), 318–325. https://doi.org/10.1007/s12020-0181692-3

107

Burke, H. M., Davis, M. C., Otte, C., & Mohr, D. C. (2005). Depression and cortisol
responses to psychological stress: A meta-analysis. Psychoneuroendocrinology, 30(9),
846–856. https://doi.org/10.1016/j.psyneuen.2005.02.010
Caldwell, A. S. L., Edwards, M. C., Desai, R., Jimenez, M., Gilchrist, R. B., Handelsman,
D. J., & Walters, K. A. (2017). Neuroendocrine androgen action is a key extraovarian
mediator in the development of polycystic ovary syndrome. Proceedings of the National
Academy of Sciences of the United States of America, 114(16), e23334–43.
https://doi.org/10.1073/pnas.1616467114
Cena, H., Chiovato, L., & Nappi, R. E. (2020). Obesity, polycystic ovary syndrome, and
infertility: A new avenue for GLP-1 receptor agonists. The Journal of Clinical
Endocrinology
and
Metabolism,
105(8),
e2695–2709.
https://doi.org/
10.1210/clinem/dgaa285
Cesta, C. E., Månsson, M., Palm, C., Lichtenstein, P., Iliadou, A. N., & Landén, M. (2016).
Polycystic ovary syndrome and psychiatric disorders: Co-morbidity and heritability in
a nationwide Swedish cohort. Psychoneuroendocrinology, 73, 196–203.
https://doi.org/10.1016/j.psyneuen.2016.08.005
Cesta, C. E., Öberg, A. S., Ibrahimson, A., Yusuf, I., Larsson, H., Almqvist, C., …
Rosenqvist, M. A. (2020). Maternal polycystic ovary syndrome and risk of
neuropsychiatric disorders in offspring: Prenatal androgen exposure or genetic
confounding?
Psychological
Medicine,
50(4),
616–624.
https://doi.org/
10.1017/S0033291719000424
Chan, J. L., Pall, M., Ezeh, U., Mathur, R., Pisarska, M. D., & Azziz, R. (2020). Screening
for androgen excess in women: Accuracy of self-reported excess body hair growth and
menstrual dysfunction. The Journal of Clinical Endocrinology and Metabolism,
105(10), e3688–95. https://doi.org/10.1210/clinem/dgz264
Chang, R. J., Nakamura, R. M., Judd, H. L., & Kaplan, S. A. (1983). Insulin resistance in
nonobese patients with polycystic ovarian disease. Journal of Clinical Endocrinology
and Metabolism, 57(2), 356–359. https://doi.org/10.1210/jcem-57-2-356
Chapman, L. J., Chapman, J. P., & Raulin, M. L. (1976). Scales for physical and social
anhedonia.
Journal
of
Abnormal
Psychology,
85(4),
374–382.
https://doi.org/10.1037/0021-843X.85.4.374
Chapman, L. J., Chapman, J. P., & Raulin, M. L. (1978). Body-image aberration in
schizophrenia.
Journal
of
Abnormal
Psychology,
87/4),
399–407.
https://doi.org/10.1037/0021-843X.87.4.399
Chen, E. Y., & Brown, M. (2005). Obesity stigma in sexual relationships. Obesity Research,
13(8), 1393–1397. https://doi.org/10.1038/oby.2005.168
Chen, P. C., Wu, M. H., & Lin, C. Y. (2016). Metformin improved health-related quality of
life in ethnic Chinese women with polycystic ovary syndrome. Health and Quality of
Life Outcomes, 14(1), 119. https://doi.org/10.1186/s12955-016-0520-9
Chen, S. F., Yang, Y. C., Hsu, C. Y., & Shen, Y. C. (2020). Risk of schizophrenia in patients
with polycystic ovary syndrome: A nationwide population-based cohort study from
Taiwan. Journal of Psychosomatic Obstetrics & Gynecology, Mar 6, 1–7.
https://doi.org/10.1080/0167482X.2020.1735342
108

Chen, T. H., Chang, S. P., Tsai, C. F., & Juang, K. D. (2004). Prevalence of depressive and
anxiety disorders in an assisted reproductive technique clinic. Human Reproduction,
19(10), 2313–2318. https://doi.org/10.1093/humrep/deh414
Cherskov, A., Pohl, A., Allison, C., Zhang, H., Payne, R. A., & Baron-Cohen, S. (2018).
Polycystic ovary syndrome and autism: A test of the prenatal sex steroid theory.
Translational Psychiatry, 8(1), 136. https://doi.org/10.1038/s41398-018-0186-7
Cheung, F., & Lucas, R. E. (2014). Assessing the validity of single-item life satisfaction
measures: Results from three large samples. Quality of Life Research, 23(10), 2809–
2818. https://doi.org/10.1007/s11136-014-0726-4
Ching, H. L., Burke, V., & Stuckey, B. G. A. (2007). Quality of life and psychological
morbidity in women with polycystic ovary syndrome: Body mass index, age and the
provision of patient information are significant modifiers. Clinical Endocrinology,
66(3), 373–379. https://doi.org/10.1111/j.1365-2265.2007.02742.x
Chura, L. R., Lombardo, M. V., Ashwin, E., Auyeung, B., Chakrabarti, B., Bullmore, E. T.,
& Baron-Cohen, S. (2010). Organizational effects of fetal testosterone on human corpus
callosum size and asymmetry. Psychoneuroendocrinology, 35(1), 122–132.
https://doi.org/10.1016/j.psyneuen.2009.09.009
Cimino, I., Casoni, F., Liu, X., Messina, A., Parkash, J., Jamin, S. P., … Giacobini, P. (2016).
Novel role for anti-Müllerian hormone in the regulation of GnRH neuron excitability
and hormone secretion. Nature Communications, 7, 10055. https://doi.org/
10.1038/ncomms10055
Cinar, N., Harmanci, A., Demir, B., & Yildiz, B. O. (2012). Effect of an oral contraceptive
on emotional distress, anxiety and depression of women with polycystic ovary
syndrome: A prospective study. Human Reproduction, 27(6), 1840–1845.
https://doi.org/10.1093/humrep/des113
Cinar, N., Kizilarslanoglu, M. C., Harmanci, A., Aksoy, D. Y., Bozdag, G., Demir, B., &
Yildiz, B. O. (2011). Depression, anxiety and cardiometabolic risk in polycystic ovary
syndrome.
Human
Reproduction,
26(12),
3339–3345.
https://doi.org/
10.1093/humrep/der338
Cipkala-Gaffin, J., Talbott, E. O., Song, M. K., Bromberger, J., & Wilson, J. (2012).
Associations between psychologic symptoms and life satisfaction in women with
polycystic ovary syndrome. Journal of Women’s Health, 21(2), 179–187.
https://doi.org/10.1089/jwh.2010.2541
Clark, A. M., Ledger, W., Galletly, C., Tomlinson, L., Blaney, F., Wang, X., & Norman, R.
J. (1995). Weight loss results in significant improvement in pregnancy and ovulation
rates in anovulatory obese women. Human Reproduction, 10(10), 2705–2712.
https://doi.org/10.1093/oxfordjournals.humrep.a135772
Class, Q. A., Rickert, M. E., Larsson, H., Lichtenstein, P., & D’Onofrio, B. M. (2014). Fetal
growth and psychiatric and socioeconomic problems: Population-based sibling
comparison.
British
Journal
of
Psychiatry,
205(5),
355–361.
https://doi.org/10.1192/bjp.bp.113.143693

109

Clayton, W. J., Lipton, M., Elford, J., Rustin, M., & Sherr, L. (2005). A randomized
controlled trial of laser treatment among hirsute women with polycystic ovary
syndrome.
British
Journal
of
Dermatology,
152(5),
986–992.
https://doi.org/10.1111/j.1365-2133.2005.06426.x
Coffey, S., Bano, G., & Mason, H. D. (2006). Health-related quality of life in women with
polycystic ovary syndrome: A comparison with the general population using the
Polycystic Ovary Syndrome Questionnaire (PCOSQ) and the Short Form-36 (SF-36).
Gynecological
Endocrinology,
22(2),
80–86.
https://doi.org/10.1080/
09513590600604541
Cooney, L. G., & Dokras, A. (2017). Depression and anxiety in polycystic ovary syndrome:
Etiology
and
treatment.
Current
Psychiatry
Reports,
19(11),
83.
https://doi.org/10.1007/s11920-017-0834-2
Cooney, L. G., Lee, I., Sammel, M. D., & Dokras, A. (2017). High prevalence of moderate
and severe depressive and anxiety symptoms in polycystic ovary syndrome: A
systematic review and meta-analysis. Human Reproduction, 32(5), 1075–1091.
https://doi.org/10.1093/humrep/dex044
Cooney, L. G., Milman, L. W., Hantsoo, L., Kornfield, S., Sammel, M. D., Allison, K. C., …
Dokras, A. (2018). Cognitive-behavioral therapy improves weight loss and quality of
life in women with polycystic ovary syndrome: A pilot randomized clinical trial.
Fertility and Sterility, 110(1), 161–171. https://doi.org/10.1016/j.fertnstert.2018.03.028
Copp, T., Hersch, J., Muscat, D. M., McCaffery, K. J., Doust, J., Dokras, A., … Jansen, J.
(2019). The benefits and harms of receiving a polycystic ovary syndrome diagnosis: A
qualitative study of women’s experiences. Human Reproduction Open, 2019(4), hoz026.
https://doi.org/10.1093/hropen/hoz026
Cordes, J., Bechdolf, A., Engelke, C., Kahl, K. G., Balijepalli, C., Lösch, C., … Moebus, S.
(2017). Prevalence of metabolic syndrome in female and male patients at risk of
psychosis. Schizophrenia Research, 181, 38–42. https://doi.org/10.1016/
j.schres.2016.09.012
Costa, E. C., De Sá, J. C. F., Stepto, N. K., Costa, I. B. B., Farias-Junior, L. F., Moreira, S.
D. N. T., … Azevedo, G. D. (2018). Aerobic training improves quality of life in women
with polycystic ovary syndrome. Medicine and Science in Sports and Exercise, 50(7),
1357–1366. https://doi.org/10.1249/MSS.0000000000001579
Cotton, S. M., Lambert, M., Schimmelmann, B. G., Foley, D. L., Morley, K. I., McGorry, P.
D., & Conus, P. (2009). Gender differences in premorbid, entry, treatment, and outcome
characteristics in a treated epidemiological sample of 661 patients with first episode
psychosis.
Schizophrenia
Research,
114(1–3),
17–24.
https://doi.org/
10.1016/j.schres.2009.07.002
Craske, M. G., Rauch, S. L., Ursano, R., Prenoveau, J., Pine, D. S., & Zinbarg, R. E. (2009).
What is an anxiety disorder? Depression and Anxiety, 26(12), 1066–1085.
https://doi.org/10.1002/da.20633

110

Crisosto, N., Ladrón de Guevara, A., Echiburú, B., Maliqueo, M., Cavada, G., Codner, E., …
Sir-Petermann, T. (2019). Higher luteinizing hormone levels associated with
antimüllerian hormone in postmenarchal daughters of women with polycystic ovary
syndrome.
Fertility
and
Sterility,
111(2),
381–388.
https://doi.org/
10.1016/j.fertnstert.2018.10.011
Cronin, L., Guyatt, G., Griffith, L., Wong, E., Azziz, R., Futterweit, W., … Dunaif, A. (1998).
Development of a health-related quality-of-life questionnaire (PCOSQ) for women with
polycystic ovary syndrome (PCOS). Journal of Clinical Endocrinology and
Metabolism, 25(7), 1791–1801. https://doi.org/10.1210/jc.83.6.1976
Cuijpers, P., Cristea, I. A., Karyotaki, E., Reijnders, M., & Huibers, M. J. H. (2016). How
effective are cognitive behavior therapies for major depression and anxiety disorders?
A meta-analytic update of the evidence. World Psychiatry, 15(3), 245–258.
https://doi.org/10.1002/wps.20346
Dalgard, F., Gieler, U., Holm, J. Ø., Bjertness, E., & Hauser, S. (2008). Self-esteem and
body satisfaction among late adolescents with acne: Results from a population survey.
Journal of the American Academy of Dermatology, 59(5), 746–751.
https://doi.org/10.1016/j.jaad.2008.07.013
Damone, A. L., Joham, A. E., Loxton, D., Earnest, A., Teede, H. J., & Moran, L. J. (2019).
Depression, anxiety and perceived stress in women with and without PCOS: A
community-based
study.
Psychological
Medicine,
49(9),
1510–1520.
https://doi.org/10.1017/S0033291718002076
Day, F., Karaderi, T., Jones, M. R., Meun, C., He, C., Drong, A., … Welt, C. K. (2018).
Large-scale genome-wide meta-analysis of polycystic ovary syndrome suggests shared
genetic architecture for different diagnosis criteria. PLoS Genetics, 14(12), e1007813.
https://doi.org/10.1371/journal.pgen.1007813
De Frène, V., Verhofstadt, L., Lammertyn, J., Stuyver, I., Buysse, A., & De Sutter, P. (2015).
Quality of life and body mass index in overweight adult women with polycystic ovary
syndrome during a lifestyle modification program. JOGNN—Journal of Obstetric,
Gynecologic, and Neonatal Nursing, 44(5), 587–599. https://doi.org/10.1111/15526909.12739
De Hert, M., Cohen, D., Bobes, J., Cetkovich-Bakmas, M., Leucht, S., Ndetei, D. M., …
Correll, C. U. (2011). Physical illness in patients with severe mental disorders. II.
Barriers to care, monitoring and treatment guidelines, plus recommendations at the
system
and
individual
level.
World
Psychiatry,
10(2),
138–151.
https://doi.org/10.1002/j.2051-5545.2011.tb00036.x
De Hert, M., Correll, C. U., Bobes, J., Cetkovich-Bakmas, M., Cohen, D. A. N., Asai, I., …
Leucht, S. (2011). Physical illness in patients with severe mental disorders. I.
Prevalence, impact of medications and disparities in health care. World Psychiatry,
10(1), 52–77. https://doi.org/10.1002/j.2051-5545.2011.tb00014.x
De Lijster, J. M., Dierckx, B., Utens, E. M. W. J., Verhulst, F. C., Zieldorff, C., Dieleman,
G. C., & Legerstee, J. S. (2017). The age of onset of anxiety disorders: A meta-analysis.
Canadian
Journal
of
Psychiatry,
62(4),
237–246.
https://doi.org/
10.1177/0706743716640757
111

Deeks, A. A., Gibson-Helm, M. E., Paul, E., & Teede, H. J. (2011). Is having polycystic
ovary syndrome a predictor of poor psychological function including anxiety and
depression?
Human
Reproduction,
26(6),
1399–1407.
https://doi.org/
10.1093/humrep/der071
Deeks, A. A., Gibson-Helm, M. E., & Teede, H. J. (2010). Anxiety and depression in
polycystic ovary syndrome: A comprehensive investigation. Fertility and Sterility,
93(7), 2421–2423. https://doi.org/10.1016/j.fertnstert.2009.09.018
Dewailly, D., Andersen, C. Y., Balen, A., Broekmans, F., Dilaver, N., Fanchin, R., …
Anderson, R. A. (2014). The physiology and clinical utility of anti-Müllerian hormone
in
women.
Human
Reproduction
Update,
20(3),
370–385.
https://doi.org/10.1093/humupd/dmt062
Diener, E. (1994). Assessing subjective well-being: Progress and opportunities. Social
Indicators Research 24(4), 422–428. https://doi.org/10.1007/BF01207052
Diener, E., Emmons, R. A., Larsem, R. J., & Griffin, S. (1985). The satisfaction with life
scale. Journal of Personality Assessment, 49(1), 71–75. https://doi.org/
10.1207/s15327752jpa4901_13
Dilbaz, B., Çinar, M., Özkaya, E., Tonyali, N. V., & Dilbaz, S. (2012). Health related quality
of life among different PCOS phenotypes of infertile women. Journal of the Turkish
German
Gynecology
Association,
13(4),
247–252.
https://doi.org/
10.5152/jtgga.2012.39
Dixon, J. B., Hayden, M. J., Lambert, G. W., Dawood, T., Anderson, M. L., Dixon, M. E.,
& O’Brien, P. E. (2008). Raised CRP levels in obese patients: Symptoms of depression
have an independent positive association. Obesity, 16(9), 2010–2015.
https://doi.org/10.1038/oby.2008.271
Dokras, A., Saini, S., Gibson-Helm, M., Schulkin, J., Cooney, L., & Teede, H. (2017). Gaps
in knowledge among physicians regarding diagnostic criteria and management of
polycystic ovary syndrome. Fertility and Sterility, 107(6), 1380–1386.
https://doi.org/10.1016/j.fertnstert.2017.04.011
Dokras, A., Sarwer, D. B., Allison, K. C., Milman, L., Kris-Etherton, P. M., Kunselman, A.
R., … Legro, R. S. (2016). Weight loss and lowering androgens predict improvements
in health-related quality of life in women with PCOS. Journal of Clinical
Endocrinology and Metabolism, 101(8), 2966–2974. https://doi.org/10.1210/jc.20161896
Drosdzol, A., Skrzypulec, V., Mazur, B., & Pawlińska-Chmara, R. (2007). Quality of life
and marital sexual satisfaction in women with polycystic ovary syndrome. Folia
Histochemica et Cytobiologica, 45(1), 93–97. https://doi.org/10.2478/4495
Drosdzol, A., Skrzypulec, V., & Plinta, R. (2010). Quality of life, mental health and selfesteem in hirsute adolescent females. Journal of Psychosomatic Obstetrics and
Gynecology, 31(3), 168–175. https://doi.org/10.3109/0167482X.2010.501398
Dumesic, D. A., Oberfield, S. E., Stener-Victorin, E., Marshall, J. C., Laven, J. S., & Legro,
R. S. (2015). Scientific statement on the diagnostic criteria, epidemiology,
pathophysiology, and molecular genetics of polycystic ovary syndrome. Endocrine
Reviews, 36(5), 487–525. https://doi.org/10.1210/er.2015-1018
112

Dunaif, A., Segal, K. R., Futterweit, W., & Dobrjansky, A. (1989). Profound peripheral
insulin resistance, independent of obesity, in polycystic ovary syndrome. Diabetes,
38(9), 1165–1674. https://doi.org/10.2337/diab.38.9.1165
Eaton, W. W., Anthony, J. C., Gallo, J., Cai, G., Tien, A., Romanoski, A., … Chen, L. S.
(1997). Natural history of diagnostic interview schedule/DSM-IV major depression:
The Baltimore Epidemiologic Catchment Area follow-up. Archives of General
Psychiatry, 54(11), 993–999. https://doi.org/10.1001/archpsyc.1997.01830230023003
Eckblad, M., & Chapman, L. J. (1986). Development and validation of a scale for hypomanic
personality.
Journal
of
Abnormal
Psychology,
95(3),
214–222.
https://doi.org/10.1037/0021-843X.95.3.214
Ehlert, U., Gaab, J., & Heinrichs, M. (2001). Psychoneuroendocrinological contributions to
the etiology of depression, posttraumatic stress disorder, and stress-related bodily
disorders: The role of the hypothalamus–pituitary–adrenal axis. Biological Psychology,
57(1–3), 141–152. https://doi.org/10.1016/S0301-0511(01)00092-8
Ekbäck, P., Lindberg, M., Benzein, E., & Årestedt, K. (2013). Health-related quality of life,
depression and anxiety correlate with the degree of hirsutism. Dermatology, 227(3),
278–284. https://doi.org/10.1159/000355356Elsenbruch, S., Hahn, S., Kowalsky, D.,
Öffner, A. H., Schedlowski, M., Mann, K., & Janssen, O. E. (2003). Quality of life,
psychosocial well-being, and sexual satisfaction in women with polycystic ovary
syndrome. Journal of Clinical Endocrinology and Metabolism, 88(12), 5801–5807.
https://doi.org/10.1210/jc.2003-030562
Elting, M. W., Kwee, J., Korsen, T. J. M., Rekers-Mombarg, L. T. M., & Schoemaker, J.
(2003). Aging women with polycystic ovary syndrome who achieve regular menstrual
cycles have a smaller follicle cohort than those who continue to have irregular cycles.
Fertility and Sterility, 79(5), 1154–1160. https://doi.org/10.1016/S00150282(03)00152-3
Erensoy, H., Niafar, M., Ghafarzadeh, S., Aghamohammadzadeh, N., & Nader, N. D. (2019).
A pilot trial of metformin for insulin resistance and mood disturbances in adolescent
and adult women with polycystic ovary syndrome. Gynecological Endocrinology, 35(1),
72–75. https://doi.org/10.1080/09513590.2018.1498476
Escobar-Morreale, H. F. (2018). Polycystic ovary syndrome: Definition, aetiology,
diagnosis and treatment. Nature Reviews Endocrinology, 14(5), 270–284.
https://doi.org/10.1038/nrendo.2018.24
Escobar-Morreale, H. F., & Millán, J. L. S. (2007). Abdominal adiposity and the polycystic
ovary syndrome. Trends in Endocrinology and Metabolism, 18(7), 266–272.
https://doi.org/10.1016/j.tem.2007.07.003
Farrell, K., & Antoni, M. H. (2010). Insulin resistance, obesity, inflammation, and
depression in polycystic ovary syndrome: Biobehavioral mechanisms and interventions.
Fertility
and
Sterility,
94(5),
1565–1574.
https://doi.org/
10.1016/j.fertnstert.2010.03.081

113

Feller, S., Teucher, B., Kaaks, R., Boeing, H., & Vigl, M. (2013). Life satisfaction and risk
of chronic diseases in the European Prospective Investigation into Cancer and Nutrition
(EPIC)-Germany
study.
PLoS
ONE,
8(8),
e73462.
https://doi.org/
10.1371/journal.pone.0073462
Fernandez, R. M., & Kulik, J. C. (1981). A multilevel model of life satisfaction: Effects of
individual characteristics and neighborhood composition. American Sociological
Review, 46(6), 840–850. https://doi.org/10.2307/2095082
Ferrari, A. J., Charlson, F. J., Norman, R. E., Patten, S. B., Freedman, G., Murray, C. J.
L., … Whiteford, H. A. (2013). Burden of depressive disorders by country, sex, age,
and year: Findings from the Global Burden of Disease Study 2010. PLoS Medicine,
10(11), e1001547. https://doi.org/10.1371/journal.pmed.1001547
Foley, D. L., & Morley, K. I. (2011). Systematic review of early cardiometabolic outcomes
of the first treated episode of psychosis. Archives of General Psychiatry, 68(6), 609–
616. https://doi.org/10.1001/archgenpsychiatry.2011.2
Fox, C. W., Zhang, L., Sohni, A., Doblado, M., Wilkinson, M. F., Chang, R. J., & Duleba,
A. J. (2019). Inflammatory stimuli trigger increased androgen production and shifts in
gene expression in theca-interstitial cells. Endocrinology, 160(12), 2946–2958.
https://doi.org/10.1210/en.2019-00588
Fraissinet, A., Robin, G., Pigny, P., Lefebvre, T., Catteau-Jonard, S., & Dewailly, D. (2017).
Use of the serum anti-Müllerian hormone assay as a surrogate for polycystic ovarian
morphology: Impact on diagnosis and phenotypic classification of polycystic ovary
syndrome.
Human
Reproduction,
32(8),
1716–1722.
https://doi.org/
10.1093/humrep/dex239
Franks, S., Adams, J., Mason, H., & Polson, D. (1985). Ovulatory disorders in women with
polycystic ovary syndrome. Clinics in Obstetrics and Gynaecology, 12(3), 605–632.
Franks, S., Stark, J., & Hardy, K. (2008). Follicle dynamics and anovulation in polycystic
ovary
syndrome.
Human
Reproduction
Update,
20(3),
370–385.
https://doi.org/10.1093/humupd/dmn015
Friedman, K. E., Reichmann, S. K., Costanzo, P. R., & Musante, G. J. (2002). Body image
partially mediates the relationship between obesity and psychological distress. Obesity
Research, 10(1), 33–41. https://doi.org/10.1038/oby.2002.5
Frijters, P., & Ulker, A. (2008). Robustness in health research: Do differences in health
measures, techniques, and time frame matter? Journal of Health Economics, 27(6),
1626–1644. https://doi.org/10.1016/j.jhealeco.2008.06.003
Galea, L. A. M., Frick, K. M., Hampson, E., Sohrabji, F., & Choleris, E. (2017). Why
estrogens matter for behavior and brain health. Neuroscience and Biobehavioral
Reviews, 76(PartB), 363–379. https://doi.org/10.1016/j.neubiorev.2016.03.024
Galletly, C., Moran, L., Noakes, M., Clifton, P., Tomlinson, L., & Norman, R. (2007).
Psychological benefits of a high-protein, low-carbohydrate diet in obese women with
polycystic ovary syndrome—A pilot study. Appetite, 49(3), 590–593.
https://doi.org/10.1016/j.appet.2007.03.222

114

Gallinelli, A., Matteo, M. L., Volpe, A., & Facchinetti, F. (2000). Autonomic and
neuroendocrine responses to stress in patients with functional hypothalamic secondary
amenorrhea. Fertility and Sterility, 73(4), 812–816. https://doi.org/10.1016/S00150282(99)00601-9
Ganna, A., & Ingelsson, E. (2015). 5 year mortality predictors in 498 103 UK Biobank
participants: A prospective population-based study. The Lancet, 386(9993), 533–540.
https://doi.org/10.1016/S0140-6736(15)60175-1
Gao, K., Su, M., Sweet, J., & Calabrese, J. R. (2019). Correlation between
depression/anxiety symptom severity and quality of life in patients with major
depressive disorder or bipolar disorder. Journal of Affective Disorders, 244, 9–15.
https://doi.org/10.1016/j.jad.2018.09.063
Genovese, A., Smith, T., Kramer, H., & Augustyn, M. (2016). “Is it her hormones?”:
Psychiatric diagnoses and polycystic ovarian syndrome. Journal of Developmental and
Behavioral
Pediatrics,
37(1),
103–104.
https://doi.org/10.1097/
DBP.0000000000000243
Gibson-Helm, M., Dokras, A., Karro, H., Piltonen, T., & Teede, H. J. (2018). Knowledge
and practices regarding polycystic ovary syndrome among physicians in Europe, North
America, and internationally: An online questionnaire-based study. Seminars in
Reproductive Medicine, 36(1), 19–27. https://doi.org/10.1055/s-0038-1667155
Gibson-Helm, M., Teede, H., Dunaif, A., & Dokras, A. (2017). Delayed diagnosis and a lack
of information associated with dissatisfaction in women with polycystic ovary
syndrome. Journal of Clinical Endocrinology and Metabolism, 102(2), 604–612.
https://doi.org/10.1210/jc.2016-2963
Ginsburg, G. S., Becker, E. M., Keeton, C. P., Sakolsky, D., Piacentini, J., Albano, A. M., …
Kendall, P. C. (2014). Naturalistic follow-up of youths treated for pediatric anxiety
disorders.
JAMA
Psychiatry,
71(3),
310–318.
https://doi.org/10.1001/
jamapsychiatry.2013.4186
Glaus, J., Von Känel, R., Lasserre, A. M., Strippoli, M. P. F., Vandeleur, C. L., Castelao,
E., … Merikangas, K. R. (2018). Mood disorders and circulating levels of inflammatory
markers in a longitudinal population-based study. Psychological Medicine, 48(6), 961–
973. https://doi.org/10.1017/S0033291717002744
Glintborg, D., Altinok, M. L., Ravn, P., Stage, K. B., Højlund, K., & Andersen, M. (2018).
Adrenal activity and metabolic risk during randomized escitalopram or placebo
treatment
in
PCOS.
Endocrine
Connections,
7(3),
479–489.
https://doi.org/10.1530/EC-18-0077
Glintborg, D., Rubin, K. H., Nybo, M., Abrahamsen, B., & Andersen, M. (2015). Morbidity
and medicine prescriptions in a nationwide Danish population of patients diagnosed
with polycystic ovary syndrome. European Journal of Endocrinology, 172(5), 627–638.
https://doi.org/10.1530/EJE-14-1108
Golden, R. R., & Meehl, P. E. (1979). Detection of the schizoid taxon with MMPI indicators.
Journal of Abnormal Psychology, 88(3), 217–233. https://doi.org/10.1037/0021843X.88.3.217

115

Greenwood, E. A., Pasch, L. A., Cedars, M. I., Legro, R. S., Eisenberg, E., & Huddleston,
H. G. (2018). Insulin resistance is associated with depression risk in polycystic ovary
syndrome.
Fertility
and
Sterility,
110(1),
27–34.
https://doi.org/
10.1016/j.fertnstert.2018.03.009
Greenwood, E. A., Pasch, L. A., Cedars, M. I., Legro, R. S., & Huddleston, H. G. (2018).
Association among depression, symptom experience, and quality of life in polycystic
ovary syndrome. American Journal of Obstetrics and Gynecology, 219(3), 279.e1–e7.
https://doi.org/10.1016/j.ajog.2018.06.017
Greenwood, E. A., Pasch, L. A., Shinkai, K., Cedars, M. I., & Huddleston, H. G. (2015).
Putative role for insulin resistance in depression risk in polycystic ovary syndrome.
Fertility
and
Sterility,
104(3),
707–714.e1.
https://doi.org/
10.1016/j.fertnstert.2015.05.019
Greenwood, E. A., Pasch, L. A., Shinkai, K., Cedars, M. I., & Huddleston, H. G. (2019).
Clinical course of depression symptoms and predictors of enduring depression risk in
women with polycystic ovary syndrome: Results of a longitudinal study. Fertility and
Sterility, 111(1), 147–156. https://doi.org/10.1016/j.fertnstert.2018.10.004
Greenwood, E. A., Yaffe, K., Wellons, M. F., Cedars, M. I., & Huddleston, H. G. (2019).
Depression over the lifespan in a population-based cohort of women with polycystic
ovary syndrome: Longitudinal analysis. Journal of Clinical Endocrinology and
Metabolism, 104(7), 2809–2819. https://doi.org/10.1210/jc.2019-00234
Guyatt, G. H., Feeny, D. H., & Patrick, D. L. (1993). Measuring health-related quality of
life. Annals of Internal Medicine 118(8), 622–629. https://doi.org/10.7326/0003-4819118-8-199304150-00009
Haapea, M., Miettunen, J., Isohanni, M. K., Veijola, J. M., Läärä, E., Järvelin, M. R., &
Joukamaa, M. I. (2008). Non-participation in a field survey with respect to psychiatric
disorders. Scandinavian Journal of Public Health, 36(7), 728–736.
https://doi.org/10.1177/1403494808092250
Häfner, H. (2003). Gender differences in schizophrenia. Psychoneuroendocrinology, 28(2),
17–54. https://doi.org/10.1016/S0306-4530(02)00125-7
Hagag, P., Steinschneider, M., & Weiss, M. (2014). Role of the combination spironolactone–
norgestimate–estrogen in hirsute women with polycystic ovary syndrome. Journal of
Reproductive Medicine, 59(9–10), 455–463.
Hahn, S., Benson, S., Elsenbruch, S., Pleger, K., Tan, S., Mann, K., … Janssen, O. E. (2006).
Metformin treatment of polycystic ovary syndrome improves health-related quality-oflife, emotional distress and sexuality. Human Reproduction, 21(7), 1925–1934.
https://doi.org/10.1093/humrep/del069
Hahn, S., Janssen, O. E., Tan, S., Pleger, K., Mann, K., Schedlowski, M., … Elsenbruch, S.
(2005). Clinical and psychological correlates of quality-of-life in polycystic ovary
syndrome.
European
Journal
of
Endocrinology,
153(6),
853–860.
https://doi.org/10.1530/eje.1.02024

116

Harper, A., Power, M., Orley, J., Herrman, H., Schofield, H., Murphy, B., … Sartorius, N.
(1998). Development of the World Health Organization WHOQOL-BREF Quality of
Life
Assessment.
Psychological
Medicine,
28(3),
551–558.
https://doi.org/10.1017/S0033291798006667
Harris-Glocker, M., Davidson, K., Kochman, L., Guzick, D., & Hoeger, K. (2010).
Improvement in quality-of-life questionnaire measures in obese adolescent females
with polycystic ovary syndrome treated with lifestyle changes and oral contraceptives,
with or without metformin. Fertility and Sterility, 93(3), 1016–1019.
https://doi.org/10.1016/j.fertnstert.2009.08.006
Hart, R., & Doherty, D. A. (2015). The potential implications of a PCOS diagnosis on a
woman’s long-term health using data linkage. Journal of Clinical Endocrinology and
Metabolism, 100(3), 911–919. https://doi.org/10.1210/jc.2014-3886
Hashimoto, D. M., Schmid, J., Martins, F. M., Fonseca, A. M., Andrade, L. H. B.,
Kirchengast, S., & Eggers, S. (2003). The impact of the weight status on subjective
symptomatology of the polycystic ovary syndrome: A cross-cultural comparison
between Brazilian and Austrian women. Anthropologischer Anzeiger, 61(3), 297–310.
https://doi.org/10.1127/anthranz/61/2003/297
Hayes, E., Gavrilidis, E., & Kulkarni, J. (2012). The role of oestrogen and other hormones
in the pathophysiology and treatment of schizophrenia. Schizophrenia Research and
Treatment, 2012, 540273. https://doi.org/10.1155/2012/540273
Hays, R. D., & Morales, L. S. (2001). The RAND-36 measure of health-related quality of
life. Annals of Medicine, 33(5), 350–357. https://doi.org/10.3109/07853890109002089
Hergüner, S., Harmanci, H., & Toy, H. (2015). Attention deficithyperactivity disorder
symptoms in women with polycystic ovary syndrome. International Journal of
Psychiatry in Medicine, 50(3), 317–325. https://doi.org/10.1177/0091217415610311
Hetlevik, Ø., Vie, T. L., Meland, E., Breidablik, H. J., & Jahanlu, D. (2019). Adolescent
self-rated health predicts general practice attendance in adulthood: Results from the
Young-HUNT1 survey. Scandinavian Journal of Public Health, 47(1), 37–44.
https://doi.org/10.1177/1403494818772212
Hohlagschwandtner, M., Husslein, P., Klier, C., & Ulm, B. (2001). Correlation between
serum testosterone levels and peripartal mood states. Acta Obstetricia et Gynecologica
Scandinavica, 80(4), 326–330. https://doi.org/10.1034/j.1600-0412.2001.080004326.x
Hollinrake, E., Abreu, A., Maifeld, M., Van Voorhis, B. J., & Dokras, A. (2007). Increased
risk of depressive disorders in women with polycystic ovary syndrome. Fertility and
Sterility, 87(6), 1369–1376. https://doi.org/10.1016/j.fertnstert.2006.11.039
Howell, K. R., & Powell, T. L. (2017). Effects of maternal obesity on placental function and
fetal development. Reproduction, 153(3), 97–108. https://doi.org/10.1530/REP-160495
Howell, R. T., Kern, M. L., & Lyubomirsky, S. (2007). Health benefits: Meta-analytically
determining the impact of well-being on objective health outcomes. Health Psychology
Review, 1(1), 83–136. https://doi.org/10.1080/17437190701492486

117

Hu, L. Y., Shen, C. C., Hung, J. H., Chen, P. M., Wen, C. H., Chiang, Y. Y., & Lu, T. (2016).
Risk of psychiatric disorders following symptomatic menopausal transition: A
nationwide population-based retrospective cohort study. Medicine, 95(6), e2800.
https://doi.org/10.1097/ MD.0000000000002800
Hu, M., Richard, J. E., Maliqueo, M., Kokosar, M., Fornes, R., Benrick, A., … StenerVictorin, E. (2015). Maternal testosterone exposure increases anxiety-like behavior and
impacts the limbic system in the offspring. Proceedings of the National Academy of
Sciences of the United States of America, 112(46), 14348–14353.
https://doi.org/10.1073/pnas.1507514112
Huber, T. J., Borsutzky, M., Schneider, U., & Emrich, H. M. (2004). Psychotic disorders
and gonadal function: Evidence supporting the oestrogen hypothesis. Acta Psychiatrica
Scandinavica, 109(4), 269–274. https://doi.org/10.1046/j.1600-0447.2003.00251.x
Huber, T. J., Rollnik, J., Wilhelms, J., Von Zur Mühlen, A., Emrich, H. M., & Schneider, U.
(2001). Estradiol levels in psychotic disorders. Psychoneuroendocrinology, 26(1), 27–
35. https://doi.org/10.1016/S0306-4530(00)00034-2
Hung, J. H., Hu, L. Y., Tsai, S. J., Yang, A. C., Huang, M. W., Chen, P. M., … Shen, C. C.
(2014). Risk of psychiatric disorders following polycystic ovary syndrome: A
nationwide population-based cohort study. PLoS ONE, 9(5), e97041.
https://doi.org/10.1371/journal.pone.0097041
Ibáñez, L., Oberfield, S. E., Witchel, S., Auchus, R. J., Chang, R. J., Codner, E., … Lee, P.
A. (2017). An international consortium update: Pathophysiology, diagnosis, and
treatment of polycystic ovarian syndrome in adolescence. Hormone Research in
Paediatrics, 88(6), 371–395. https://doi.org/10.1159/000479371
Jääskeläinen, E., Juola, P., Hirvonen, N., McGrath, J. J., Saha, S., Isohanni, M., … Miettunen,
J. (2013). A systematic review and meta-analysis of recovery in schizophrenia.
Schizophrenia Bulletin, 39(6), 1296–1306. https://doi.org/10.1093/schbul/sbs130
Jakobsen, J. C., Katakam, K. K., Schou, A., Hellmuth, S. G., Stallknecht, S. E., Leth-Møller,
K., … Gluud, C. (2017). Selective serotonin reuptake inhibitors versus placebo in
patients with major depressive disorder. A systematic review with meta-analysis and
trial sequential analysis. BMC Psychiatry, 17(1), 58. https://doi.org/10.1186/s12888016-1173-2
Jia, H., & Lubetkin, E. I. (2005). The impact of obesity on health-related quality-of-life in
the general adult US population. Journal of Public Health, 27(2), 156–164.
https://doi.org/10.1093/pubmed/fdi025
Jiskoot, G., Dietz de Loos, A., Beerthuizen, A., Timman, R., Busschbach, J., & Laven, J.
(2020). Long-term effects of a three-component lifestyle intervention on emotional
well-being in women with polycystic ovary syndrome (PCOS): A secondary analysis
of a randomized controlled trial. PLoS ONE,
15(6), e0233876.
https://doi.org/10.1371/journal.pone.0233876
Joham, A. E., Teede, H. J., Ranasinha, S., Zoungas, S., & Boyle, J. (2015). Prevalence of
infertility and use of fertility treatment in women with polycystic ovary syndrome: Data
from a large community-based cohort study. Journal of Women’s Health, 24(4), 299–
307. https://doi.org/10.1089/jwh.2014.5000
118

Jonard, S., & Dewailly, D. (2004). The follicular excess in polycystic ovaries, due to intraovarian hyperandrogenism, may be the main culprit for the follicular arrest. Human
Reproduction Update, 10(2), 107–117. https://doi.org/10.1093/humupd/dmh010
Jones, G. L., Benes, K., Clark, T. L., Denham, R., Holder, M. G., Haynes, T. J., … Ledger,
W. L. (2004). The Polycystic Ovary Syndrome Health-Related Quality of Life
Questionnaire (PCOSQ): A validation. Human Reproduction, 19(2), 371–377.
https://doi.org/10.1093/humrep/deh048
Jones, G. L., Hall, J. M., Balen, A. H., & Ledger, W. L. (2008). Health-related quality of life
measurement in women with polycystic ovary syndrome: A systematic review. Human
Reproduction Update, 14(1), 15–25. https://doi.org/10.1093/humupd/dmm030
Jones, G. L., Hall, J. M., Lashen, H. L., Balen, A. H., & Ledger, W. L. (2011). Health-related
quality of life among adolescents with polycystic ovary syndrome. JOGNN—Journal
of Obstetric, Gynecologic, and Neonatal Nursing, 40(5), 577–588.
https://doi.org/10.1111/j.1552-6909.2011.01279.x
Jongsma, H. E., Turner, C., Kirkbride, J. B., & Jones, P. B. (2019). International incidence
of psychotic disorders, 2002–17: A systematic review and meta-analysis. The Lancet
Public Health, 4(5), e229–244. https://doi.org/10.1016/S2468-2667(19)30056-8
Joseph, J. J., & Golden, S. H. (2017). Cortisol dysregulation: the bidirectional link between
stress, depression, and type 2 diabetes mellitus. Annals of the New York Academy of
Sciences, 1391(1), 20–34. https://doi.org/10.1111/nyas.13217
Jylhä, M. (2009). What is self-rated health and why does it predict mortality? Towards a
unified conceptual model. Social Science and Medicine, 69(3), 307–316.
https://doi.org/10.1016/j.socscimed.2009.05.013
Kaaja, R. J., & Pöyhönen-Alho, M. K. (2006). Insulin resistance and sympathetic
overactivity
in
women.
Journal
of
Hypertension,
24(1),
131–141.
https://doi.org/10.1097/01.hjh.0000194121.19851.e5
Kaczmarek, C., Haller, D. M., & Yaron, M. (2016). Health-related quality of life in
adolescents and young adults with polycystic ovary syndrome: A systematic review.
Journal
of
Pediatric
and Adolescent
Gynecology, 29(6),
551–557.
https://doi.org/10.1016/j.jpag.2016.05.006
Kahal, H., Kilpatrick, E., Rigby, A., Coady, A., & Atkin, S. (2019). The effects of treatment
with liraglutide on quality of life and depression in young obese women with PCOS and
controls.
Gynecological Endocrinology,
35(2), 142–145. https://doi.org/
10.1080/09513590.2018.1505848
Kahal, H., Kyrou, I., Tahrani, A. A., & Randeva, H. S. (2017). Obstructive sleep apnoea and
polycystic ovary syndrome: A comprehensive review of clinical interactions and
underlying pathophysiology. Clinical Endocrinology, 87(4), 313–319. https://doi.org/
10.1111/cen.13392
Kakoly, N. S., Khomami, M. B., Joham, A. E., Cooray, S. D., Misso, M. L., Norman, R.
J., … Moran, L. J. (2018). Ethnicity, obesity and the prevalence of impaired glucose
tolerance and type 2 diabetes in PCOS: A systematic review and meta-regression.
Human
Reproduction
Update,
24(4),
455–467.
https://doi.org/10.1093/
humupd/dmy007
119

Kallak, T. K., Hellgren, C., Skalkidou, A., Sandelin-Francke, L., Ubhayasekhera, K.,
Bergquist, J., … Poromaa, I. S. (2017). Maternal and female fetal testosterone levels
are associated with maternal age and gestational weight gain. European Journal of
Endocrinology, 177(4), 379–388. https://doi.org/10.1530/EJE-17-0207
Kan, C., Silva, N., Golden, S. H., Rajala, U., Timonen, M., Stahl, D., & Ismail, K. (2013a).
A systematic review and meta-analysis of the association between depression and
insulin resistance. Diabetes Care, 36(2), 480–489. https://doi.org/10.2337/dc12-1442
Kan, C., Silva, N., Golden, S. H., Rajala, U., Timonen, M., Stahl, D., & Ismail, K. A. (2013b).
Erratum: A systematic review and meta-analysis of the association between depression
and insulin resistance (Diabetes Care (2013) 36 (480–489)). Diabetes Care, 36(5), 1429
https://doi.org/10.2337/dc13-er05
Kansaneläkelaitos. (2020). Mielenterveyden häiriöistä johtuvien sairauspoissaolojen kasvu
jatkuu jyrkkänä. https://tutkimusblogi.kela.fi/arkisto/5168
Kashani, L., Omidvar, T., Farazmand, B., Modabbernia, A., Ramzanzadeh, F., Tehraninejad,
E. S., … Akhondzadeh, S. (2013). Does pioglitazone improve depression through
insulin-sensitization? Results of a randomized double-blind metformin-controlled trial
in patients with polycystic ovarian syndrome and comorbid depression.
Psychoneuroendocrinology, 38(6), 767–776. https://doi.org/10.1016/j.psyneuen.
2012.08.010
Keegan, A., Liao, L. M., & Boyle, M. (2003). “Hirsutism”: A psychological analysis.
Journal of Health Psychology, 8(3), 327–345. https://doi.org/10.1177/
1359105303008003004
Keller, M. B., Lavori, P. W., Mueller, T. I., Endicott, J., Coryell, W., Hirschfeld, R. M. A.,
& Shea, T. (1992). Time to recovery, chronicity, and levels of psychopathology in major
depression: A 5-year prospective follow-up of 431 subjects. Archives of General
Psychiatry, 49(10). 809–816. https://doi.org/10.1001/archpsyc.1992.01820100053010
Kendell, R. E., Chalmers, J. C., & Platz, C. (1987). Epidemiology of puerperal psychoses.
British Journal of Psychiatry, 46(2), 17–23. https://doi.org/10.1192/bjp.150.5.662
Kerchner, A. M., Lester, W., Stuart, S. P., & Dokras, A. (2007). Longitudinal study detects
high risk of depression and other mental health disorders in women with polycystic
ovary
syndrome
(PCOS).
Fertility
and
Sterility,
91(1),
207–212.
https://doi.org/10.1016/j.fertnstert.2007.07.276
Kessler, R. C., Berglund, P., Demler, O., Jin, R., Koretz, D., Merikangas, K. R., … Wang,
P. S. (2003). The epidemiology of major depressive disorder: Results from the National
Comorbidity Survey Replication (NCS-R). Journal of the American Medical
Association, 289(23), 3095–3105. https://doi.org/10.1001/jama.289.23.3095
Kessler, R. C., & Bromet, E. J. (2013). The epidemiology of depression across cultures.
Annual Review of Public Health, 32, 119–138. https://doi.org/10.1146/annurevpublhealth-031912-114409
Kessler, R. C., Ruscio, A. M., Shear, K., & Wittchen, H. U. (2010). Epidemiology of anxiety
disorders. Current Topics in Behavioral Neurosciences, 2010(2), 21–35.
https://doi.org/10.1007/7854_2009_9

120

Kessler, R. C., Wai, T. C., Demler, O., & Walters, E. E. (2005). Prevalence, severity, and
comorbidity of 12-month DSM-IV disorders in the National Comorbidity Survey
Replication.
Archives
of
General
Psychiatry,
62(6),
617–627.
https://doi.org/10.1001/archpsyc.62.6.617
Khandaker, G. M., Pearson, R. M., Zammit, S., Lewis, G., & Jones, P. B. (2014). Association
of serum interleukin 6 and C-reactive protein in childhood with depression and
psychosis in young adult life a population-based longitudinal study. JAMA Psychiatry,
71(10), 1121–1128. https://doi.org/10.1001/jamapsychiatry.2014.1332
Khomami, M. B., Tehrani, F. R., Hashemi, S., Farahmand, M., & Azizi, F. (2015). Of PCOS
symptoms, hirsutism has the most significant impact on the quality of life of Iranian
women. PLoS ONE, 10(4), e0123608. https://doi.org/10.1371/journal.pone.0123608
Kirkbride, J. B., Errazuriz, A., Croudace, T. J., Morgan, C., Jackson, D., Boydell, J., …
Jones, P. B. (2012). Incidence of schizophrenia and other psychoses in England, 1950–
2009: A systematic review and meta-analyses. PLoS ONE, 7(3), e31660.
https://doi.org/10.1371/journal.pone.0031660
Kirkbride, J. B., Fearon, P., Morgan, C., Dazzan, P., Morgan, K., Tarrant, J., … Jones, P. B.
(2006). Heterogeneity in incidence rates of schizophrenia and other psychotic
syndromes: Findings from the 3-center ÆSOP study. Archives of General Psychiatry,
63(3), 250–258. https://doi.org/10.1001/archpsyc.63.3.250
Kivimäki, M., Shipley, M. J., Batty, G. D., Hamer, M., Akbaraly, T. N., Kumari, M., …
Singh-Manoux, A. (2014). Long-term inflammation increases risk of common mental
disorder:
A
cohort
study.
Molecular
Psychiatry,
19(2),
149–150.
https://doi.org/10.1038/mp.2013.35
Kivimaki, M., Tabak, A. G., Batty, G. D., Singh-Manoux, A., Jokela, M., Akbaraly, T. N., …
Lawlor, D. A. (2009). Hyperglycemia, type 2 diabetes, and depressive symptoms: The
British
Whitehall
II
study.
Diabetes
Care,
32(10),
1867–1869.
https://doi.org/10.2337/dc09-0716
Klemetti, R., Raitanen, J., Sihvo, S., Saarni, S., & Koponen, P. (2010). Infertility, mental
disorders and well-being—A nationwide survey. Acta Obstetricia et Gynecologica
Scandinavica, 89(5), 677–682. https://doi.org/10.3109/00016341003623746
Kogure, G. S., Ribeiro, V. B., Lopes, I. P., Furtado, C. L. M., Kodato, S., Silva de Sá, M.
F., … Maria dos Reis, R. (2019). Body image and its relationships with sexual
functioning, anxiety, and depression in women with polycystic ovary syndrome.
Journal
of
Affective
Disorders,
15(253),
385–393.
https://doi.org/
10.1016/j.jad.2019.05.006
Kohler, O., Krogh, J., Mors, O., & Eriksen Benros, M. (2016). Inflammation in depression
and the potential for anti-inflammatory treatment. Current Neuropharmacology, 14(7),
732–742. https://doi.org/10.2174/1570159x14666151208113700
Koivumaa-Honkanen, H., Honkanen, R., Viinamäki, H., Heikkilä, K., Kaprio, J., &
Koskenvuo, M. (2000). Self-reported life satisfaction and 20-year mortality in healthy
Finnish adults. American Journal of Epidemiology, 152(10), 983–991.
https://doi.org/10.1093/aje/152.10.983

121

Koivumaa-Honkanen, H., Honkanen, R., Viinamäki, H., Heikkilä, K., Kaprio, J., &
Koskenvuo, M. (2001). Life satisfaction and suicide: A 20-year follow-up study.
American Journal of Psychiatry, 158(3), 433–439. https://doi.org/10.1176/
appi.ajp.158.3.433
Koivumaa-Honkanen, H., Kaprio, J., Honkanen, R. J., Viinamäki, H., & Koskenvuo, M.
(2005). The stability of life satisfaction in a 15-year follow-up of adult Finns healthy at
baseline. BMC Psychiatry, 5, 4. https://doi.org/10.1186/1471-244X-5-4
Koivumaa-Honkanen, H., Koskenvou, M., Honkanen, R. J., Viinamäki, H., Heikkila, K., &
Kaprio, J. (2004). Life dissatisfaction and subsequent work disability in an 11-year
follow-up.
Psychological
Medicine,
34(2),
221–228.
https://doi.org/
10.1017/S0033291703001089
Konttinen, H., Männistö, S., Sarlio-Lähteenkorva, S., Silventoinen, K., & Haukkala, A.
(2010). Emotional eating, depressive symptoms and self-reported food consumption. A
population-based study. Appetite, 54(3), 473–479. https://doi.org/10.1016/
j.appet.2010.01.014
Kopala, L. C., Lewine, R., Good, K. P., Fluker, M., Martzke, J. S., Lapointe, J. S., & Honer,
W. G. (1997). Clinical features of schizophrenia in a woman with hyperandrogenism.
Journal of Psychiatry and Neuroscience, 22(1), 56–60.
Korhonen, P. E., Seppälä, T., Järvenpää, S., & Kautiainen, H. (2014). Body mass index and
health-related quality of life in apparently healthy individuals. Quality of Life Research,
23(1), 76–74. https://doi.org/10.1007/s11136-013-0433-6
Korkeila, M., Kaprio, J., Rissanen, A., Koskenvuo, M., & Sörensen, T. I. A. (1998).
Predictors of major weight gain in adult Finns: Stress, life satisfaction and personality
traits. International Journal of Obesity, 22(10), 949–957. https://doi.org/
10.1038/sj.ijo.0800694
Kosidou, K., Dalman, C., Widman, L., Arver, S., Lee, B. K., Magnusson, C., & Gardner, R.
M. (2016). Maternal polycystic ovary syndrome and the risk of autism spectrum
disorders in the offspring: A population-based nationwide study in Sweden. Molecular
Psychiatry, 21(10), 1441–1448. https://doi.org/10.1038/mp.2015.183
Kosidou, K., Dalman, C., Widman, L., Arver, S., Lee, B. K., Magnusson, C., & Gardner, R.
M. (2017). Maternal polycystic ovary syndrome and risk for attentiondeficit/hyperactivity disorder in the offspring. Biological Psychiatry, 82(9), 651–659.
https://doi.org/10.1016/j.biopsych.2016.09.022
Kratimenos, P., & Penn, A. A. (2019). Placental programming of neuropsychiatric disease.
Pediatric Research, 86(2), 157–164. https://doi.org/10.1038/s41390-019-0405-9
Kristensen, S. L., Ramlau-Hansen, C. H., Ernst, E., Olsen, S. F., Bonde, J. P., Vested, A., &
Toft, G. (2010). A very large proportion of young Danish women have polycystic
ovaries: Is a revision of the Rotterdam criteria needed? Human Reproduction, 25(12),
3117–3122. https://doi.org/10.1093/humrep/deq273
Kumarapeli, V. L., De A Seneviratne, R., & Wijeyaratne, C. N. (2011). Health-related
quality of life and psychological distress in polycystic ovary syndrome: A hidden facet
in South Asian women. BJOG: An International Journal of Obstetrics and Gynaecology,
118(3), 319–328. https://doi.org/10.1111/j.1471-0528.2010.02799.x
122

Kutlu, Ö. (2020). Evaluation of quality of life of patients with hirsutism among Turkish
women: A single-center cross-sectional study. Journal of Cosmetic Dermatology,
19(11), 3053–3057. https://doi.org/10.1111/jocd.13563
Laitinen, J., Ek, E., & Sovio, U. (2002). Stress-related eating and drinking behavior and body
mass index and predictors of this behavior. Preventive Medicine, 34(1), 29–39.
https://doi.org/10.1006/pmed.2001.0948
Landgraf, J., Abetz, L., & Ware, J. (1996). Child Health Questionnaire (CHQ): A user’s
manual. Boston: The Health Institute, New England Medical Center.
Lee, I., Cooney, L. G., Saini, S., Sammel, M. D., Allison, K. C., & Dokras, A. (2019).
Increased odds of disordered eating in polycystic ovary syndrome: A systematic review
and
meta-analysis.
Eating
and
Weight
Disorders,
24(5),
787–797.
https://doi.org/10.1007/s40519-018-0533-y
Legro, R. S., Driscoll, D., Strauss, J. F., Fox, J., & Dunaif, A. (1998). Evidence for a genetic
basis for hyperandrogenemia in polycystic ovary syndrome. Proceedings of the
National Academy of Sciences of the United States of America, 95(25), 14956–14960.
https://doi.org/10.1073/pnas.95.25.14956
Legro, R. S., Kunselman, A. R., Dodson, W. C., & Dunaif, A. (1999). Prevalence and
predictors of risk for type 2 diabetes mellitus and impaired glucose tolerance in
polycystic ovary syndrome: A prospective, controlled study in 254 affected women.
Journal of Clinical Endocrinology and Metabolism, 84(1), 165–169.
https://doi.org/10.1210/jc.84.1.165
Li, Y., Li, Y., Yu Ng, E. H., Stener-Victorin, E., Hou, L., Wu, T., … Wu, X. (2011).
Polycystic ovary syndrome is associated with negatively variable impacts on domains
of health-related quality of life: Evidence from a meta-analysis. Fertility and Sterility,
96(2), 452–458. https://doi.org/10.1016/j.fertnstert.2011.05.072
Lipton, M. G., Sherr, L., Elford, J., Rustin, M. H. A., & Clayton, W. J. (2006). Women living
with facial hair: the psychological and behavioral burden. Journal of Psychosomatic
Research, 61(2), 161–168. https://doi.org/10.1016/j.jpsychores.2006.01.016
Liu, X. Y., Yang, Y. J., Tang, C. L., Wang, K., Chen, J. J., Teng, X. M., … Yang, J. Z.
(2019). Elevation of antimüllerian hormone in women with polycystic ovary syndrome
undergoing assisted reproduction: Effect of insulin. Fertility and Sterility, 111(1), 157–
167. https://doi.org/10.1016/j.fertnstert.2018.09.022
Livadas, S., Pappas, C., Karachalios, A., Marinakis, E., Tolia, N., Drakou, M., … DiamantiKandarakis, E. (2014). Prevalence and impact of hyperandrogenemia in 1,218 women
with polycystic ovary syndrome. Endocrine, 47(2), 631–638. https://doi.org/
10.1007/s12020-014-0200-7
Lizneva, D., Gavrilova-Jordan, L., Walker, W., & Azziz, R. (2016). Androgen excess:
Investigations and management. Best Practice and Research: Clinical Obstetrics and
Gynaecology, 37, 98–118. https://doi.org/10.1016/j.bpobgyn.2016.05.003
Lizneva, D., Suturina, L., Walker, W., Brakta, S., Gavrilova-Jordan, L., & Azziz, R. (2016).
Criteria, prevalence, and phenotypes of polycystic ovary syndrome. Fertility and
Sterility, 106(1), 6–15. https://doi.org/10.1016/j.fertnstert.2016.05.003

123

Lombardo, M. V., Ashwin, E., Auyeung, B., Chakrabarti, B., Lai, M. C., Taylor, K., …
Baron-Cohen, S. (2012). Fetal programming effects of testosterone on the reward
system and behavioral approach tendencies in humans. Biological Psychiatry, 72(10),
839–847. https://doi.org/10.1016/j.biopsych.2012.05.027
Lucas, R. E., Clark, A. E., Georgellis, Y., & Diener, E. (2004). Unemployment alters the set
point for life satisfaction. Psychological Science, 15(1), 8–13. https://doi.org/
10.1111/j.0963-7214.2004.01501002.x
Lundin, C., Danielsson, K. G., Bixo, M., Moby, L., Bengtsdotter, H., Jawad, I., …
Sundström Poromaa, I. (2017). Combined oral contraceptive use is associated with both
improvement and worsening of mood in the different phases of the treatment cycle—A
double-blind, placebo-controlled randomized trial. Psychoneuroendocrinology, 76,
135–143. https://doi.org/10.1016/j.psyneuen.2016.11.033
Luppino, F. S., De Wit, L. M., Bouvy, P. F., Stijnen, T., Cuijpers, P., Penninx, B. W. J. H.,
& Zitman, F. G. (2010). Overweight, obesity, and depression: A systematic review and
meta-analysis of longitudinal studies. Archives of General Psychiatry, 67(3), 220–229.
https://doi.org/10.1001/archgenpsychiatry.2010.2
Malhi, G. S., & Mann, J. J. (2018). Depression. The Lancet, 392(10161), 2299–2312.
https://doi.org/10.1016/S0140-6736(18)31948-2
Maliqueo, M., Sundström Poromaa, I., Vanky, E., Fornes, R., Benrick, A., Åkerud, H., …
Stener-Victorin, E. (2015). Placental STAT3 signaling is activated in women with
polycystic ovary syndrome. Human Reproduction, 30(3), 692-700. https://doi.org/
10.1093/humrep/deu351
Mallon, E., Newton, J. N., Klassen, A., Stewart-Brown, S. L., Ryan, T. J., & Finlay, A. Y.
(1999). The quality of life in acne: A comparison with general medical conditions using
generic questionnaires. British Journal of Dermatology, 140(4), 672–676.
https://doi.org/10.1046/j.1365-2133.1999.02768.x
Mannan, M., Mamun, A., Doi, S., & Clavarino, A. (2016). Prospective associations between
depression and obesity for adolescent males and females—A systematic review and
meta-analysis of longitudinal studies. PLoS ONE, 11(6), e0157240. https://doi.org/
10.1371/journal.pone.0157240
Mannucci, E., Petroni, M. L., Villanova, N., Rotella, C. M., Apolone, G., & Marchesini, G.
(2010). Clinical and psychological correlates of health-related quality of life in obese
patients. Health and Quality of Life Outcomes, 8, 90. https://doi.org/10.1186/14777525-8-90
Manor, O., Matthews, S., & Power, C. (2001). Self-rated health and limiting longstanding
illness: Inter-relationships with morbidity in early adulthood. International Journal of
Epidemiology, 30(3), 600–607. https://doi.org/10.1093/ije/30.3.600
Månsson, M., Holte, J., Landin-Wilhelmsen, K., Dahlgren, E., Johansson, A., & Landén, M.
(2008). Women with polycystic ovary syndrome are often depressed or anxious—A
case control study. Psychoneuroendocrinology, 33(8), 1132–1138. https://doi.org/
10.1016/j.psyneuen.2008.06.003

124

March, W. A., Moore, V. M., Willson, K. J., Phillips, D. I. W., Norman, R. J., & Davies, M.
J. (2010). The prevalence of polycystic ovary syndrome in a community sample
assessed under contrasting diagnostic criteria. Human Reproduction, 25(2), 544–551.
https://doi.org/10.1093/humrep/dep399
Marin, T. J., Martin, T. M., Blackwell, E., Stetler, C., & Miller, G. E. (2007). Differentiating
the impact of episodic and chronic stressors on hypothalamic–pituitary–adrenocortical
axis regulation in young women. Health Psychology, 26(4), 447–455.
https://doi.org/10.1037/0278-6133.26.4.447
Markham, J. A. (2012). Sex steroids and schizophrenia. Reviews in Endocrine and Metabolic
Disorders, 13(3), 187–207. https://doi.org/10.1007/s11154-011-9184-2
Markkula, N., Suvisaari, J., Saarni, S. I., Pirkola, S., Peña, S., Saarni, S., … Härkänen, T.
(2015). Prevalence and correlates of major depressive disorder and dysthymia in an
eleven-year follow-up—Results from the Finnish Health 2011 Survey. Journal of
Affective Disorders, 173, 73–80. https://doi.org/10.1016/j.jad.2014.10.015
Markopoulos, M. C., Kassi, E., Alexandraki, K. I., Mastorakos, G., & Kaltsas, G. (2015).
Hyperandrogenism after menopause. European Journal of Endocrinology, 172(2), 79–
91. https://doi.org/10.1530/EJE-14-0468
Matheson, S. L., Shepherd, A. M., Laurens, K. R., & Carr, V. J. (2011). A systematic metareview grading the evidence for non-genetic risk factors and putative antecedents of
schizophrenia. Schizophrenia Research, 133(1–3), 133–142. https://doi.org/
10.1016/j.schres.2011.09.020
Mattisson, C., Bogren, M., & Horstmann, V. (2013). Correspondence between clinical
diagnoses of depressive and anxiety disorders and diagnostic screening via the Hopkins
Symptom Check List-25 in the Lundby Study. Nordic Journal of Psychiatry, 67(3),
204–213. https://doi.org/10.3109/08039488.2012.711856
McCartney, C. R., Eagleson, C. A., & Marshall, J. C. (2002). Regulation of gonadotropin
secretion: Implications for polycystic ovary syndrome. Seminars in Reproductive
Medicine, 20(4), 317–326. https://doi.org/10.1055/s-2002-36706
McCook, J. G., Bailey, B. A., Williams, S. L., Anand, S., & Reame, N. E. (2015).
Differential contributions of polycystic ovary syndrome (PCOS) manifestations to
psychological symptoms. Journal of Behavioral Health Services and Research, 42(3),
383–394. https://doi.org/10.1007/s11414-013-9382-7
McCook, J. G., Reame, N. E., & Thatcher, S. S. (2005). Health-related quality of life issues
in women with polycystic ovary syndrome. JOGNN—Journal of Obstetric,
Gynecologic,
and
Neonatal
Nursing,
34(1),
12–20.
https://doi.org/
10.1177/0884217504272945
McGrath, J., Saha, S., Welham, J., El Saadi, O., MacCauley, C., & Chant, D. (2004). A
systematic review of the incidence of schizophrenia: The distribution of rates and the
influence of sex, urbanicity, migrant status and methodology. BMC Medicine, 2, 13.
https://doi.org/10.1186/1741-7015-2-13

125

Mehlsen, M., Thomsen, D. K., Viidik, A., Olesen, F., & Zachariae, R. (2005). Cognitive
processes involved in the evaluation of life satisfaction: Implications for well-being.
Aging and Mental Health, 9(3), 281–290. https://doi.org/ 10.1080/
13607860412331310236a
Mendrek, A., Lakis, N., & Jiménez, J. (2011). Associations of sex steroid hormones with
cerebral activations during mental rotation in men and women with schizophrenia.
Psychoneuroendocrinology, 36(9), 1422–1426. https://doi.org/10.1016/j.psyneuen.
2011.03.016
Metcalf, S. A., Jones, P. B., Nordstrom, T., Timonen, M., Mäki, P., Miettunen, J., …
Khandaker, G. M. (2017). Serum C-reactive protein in adolescence and risk of
schizophrenia in adulthood: A prospective birth cohort study. Brain, Behavior, and
Immunity, 59, 253–259. https://doi.org/10.1016/j.bbi.2016.09.008
Miettunen, J., Isohanni, M., Paunio, T., Freimer, N., Taanila, A., Ekelund, J., … Veijola, J.
(2012). Predicting depression with psychopathology and temperament traits: The
Northern Finland 1966 birth cohort. Depression Research and Treatment, 2012, 160905.
https://doi.org/10.1155/2012/160905
Miettunen, J., Suvisaari, J., Haukka, J., & Isohanni, M. (2011). Use of register data for
psychiatric epidemiology in the Nordic countries. In Textbook in Psychiatric
Epidemiology: Third Edition. https://doi.org/10.1002/9780470976739.ch8
Miettunen, J., Veijola, J., Isohanni, M., Paunio, T., Freimer, N., Jääskeläinen, E., …
Lichtermann, D. (2011). Identifying schizophrenia and other psychoses with
psychological scales in the generasl population. Journal of Nervous and Mental Disease,
199(4), 230–238. https://doi.org/10.1097/NMD.0b013e3182125d2c
Miilunpalo, S., Vuori, I., Oja, P., Pasanen, M., & Urponen, H. (1997). Self-rated health status
as a health measure: The predictive value of self-reported health status on the use of
physician services and on mortality in the working-age population. Journal of Clinical
Epidemiology, 50(5), 517–528. https://doi.org/10.1016/S0895-4356(97)00045-0
Milman, L. W., Sammel, M. D., Barnhart, K. T., Freeman, E. W., & Dokras, A. (2015).
Higher serum total testosterone levels correlate with increased risk of depressive
symptoms in Caucasian women through the entire menopausal transition.
Psychoneuroendocrinology,
62,
107–113.
https://doi.org/10.1016/j.psyneuen.
2015.07.612
Minichino, A., Ando, A., Francesconi, M., Salatino, A., Delle Chiaie, R., & Cadenhead, K.
(2017). Investigating the link between drug-naive first episode psychoses (FEPs),
weight gain abnormalities and brain structural damages: Relevance and implications for
therapy. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 77, 9–22.
https://doi.org/10.1016/j.pnpbp.2017.03.020
Misiak, B., Frydecka, D., Loska, O., Moustafa, A. A., Samochowiec, J., Kasznia, J., &
Stańczykiewicz, B. (2018). Testosterone, DHEA and DHEA-S in patients with
schizophrenia: A systematic review and meta-analysis. Psychoneuroendocrinology, 89,
92–102. https://doi.org/10.1016/j.psyneuen.2018.01.007

126

Misiak, B., Stańczykiewicz, B., Łaczmański, Ł., & Frydecka, D. (2017). Lipid profile
disturbances in antipsychotic-naive patients with first-episode non-affective psychosis:
A systematic review and meta-analysis. Schizophrenia Research, 190, 18–27.
https://doi.org/10.1016/j.schres.2017.03.031
Moll, E., Van Wely, M., Lambalk, C. B., Bossuyt, P. M. M., & Van Der Veen, F. (2012).
Health-related quality of life in women with newly diagnosed polycystic ovary
syndrome randomized between clomifene citrate plus metformin or clomifene citrate
plus placebo. Human Reproduction, 27(11), 3273–3278. https://doi.org/
10.1093/humrep/des310
Morales, A. J., Laughlin, G. A., Bützow, T., Maheshwari, H., Baumann, G., & Yen, S. S.
(1996). Insulin, somatotropic, and luteinizing hormone axes in lean and obese women
with polycystic ovary syndrome: Common and distinct features. The Journal of Clinical
Endocrinology & Metabolism, 81(8), 2854–2864. https://doi.org/10.1210/
jcem.81.8.8768842
Moran, L. J., Noakes, M., Clifton, P. M., Tomlinson, L., & Norman, R. J. (2003). Dietary
composition in restoring reproductive and metabolic physiology in overweight women
with polycystic ovary syndrome. Journal of Clinical Endocrinology and Metabolism,
88(2), 812–819. https://doi.org/10.1210/jc.2002-020815
Moran, L. J., Teede, H. J., & Vincent, A. J. (2015). Vitamin D is independently associated
with depression in overweight women with and without PCOS. Gynecological
Endocrinology, 31(3), 179–182. https://doi.org/10.3109/09513590.2014.975682
Moreno-Peral, P., Conejo-Cerón, S., Motrico, E., Rodríguez-Morejón, A., Fernández, A.,
García-Campayo, J., … Ángel Bellón, J. (2014). Risk factors for the onset of panic and
generalised anxiety disorders in the general adult population: A systematic review of
cohort studies. Journal of Affective Disorders, 168, 337–148. https://doi.org/
10.1016/j.jad.2014.06.021
Morgan, V. A., Castle, D. J., & Jablensky, A. V. (2008). Do women express and experience
psychosis differently from men? Epidemiological evidence from the Australian
National Study of Low Prevalence (Psychotic) Disorders. Australian and New Zealand
Journal of Psychiatry, 42(1), 74–82. https://doi.org/10.1080/00048670701732699
Morin-Papunen, L., Rantala, A. S., Unkila-Kallio, L., Tiitinen, A., Hippeläinen, M.,
Perheentupa, A., … Tapanainen, J. S. (2012). Metformin improves pregnancy and livebirth rates in women with polycystic ovary syndrome (PCOS): A multicenter, doubleblind, placebo-controlled randomized trial. Journal of Clinical Endocrinology and
Metabolism, 97(5), 1492–1500. https://doi.org/10.1210/jc.2011-3061
Morley, L. C., Tang, T., Yasmin, E., Norman, R. J., & Balen, A. H. (2017). Insulinsensitising drugs (metformin, rosiglitazone, pioglitazone, D-chiro-inositol) for women
with polycystic ovary syndrome, oligo amenorrhoea and subfertility. Cochrane
Database
of
Systematic
Reviews,
11(11),
CD003053.
https://doi.org/
10.1002/14651858.CD003053.pub6
Murri, M. B., Fanelli, F., Pagotto, U., Bonora, E., Triolo, F., Chiri, L., … Tarricone, I. (2016).
Neuroactive steroids in first-episode psychosis: A role for progesterone? Schizophrenia
Research and Treatment, 2016, 1942828. https://doi.org/10.1155/2016/1942828
127

Myers, A., & Rosen, J. C. (1999). Obesity stigmatization and coping: Relation to mental
health symptoms, body image, and self-esteem. International Journal of Obesity, 23(3),
221–230. https://doi.org/10.1038/sj.ijo.0800765
Nasiri-Amiri, F., Ramezani Tehrani, F., Simbar, M., Montazeri, A., & Mohammadpour, R.
A. (2016). Health-related quality of life questionnaire for polycystic ovary syndrome
(PCOSQ-50): development and psychometric properties. Quality of Life Research,
25(7), 1791–1801. https://doi.org/10.1007/s11136-016-1232-7
Nelson, V. L., Qin, K. N., Rosenfield, R. L., Wood, J. R., Penning, T. M., Legro, R. S., …
McAllister, J. M. (2001). The biochemical basis for increased testosterone production
in theca cells propagated from patients with polycystic ovary syndrome. Journal of
Clinical Endocrinology and Metabolism, 86(12), 5925–5933. https://doi.org/
10.1210/jcem.86.12.8088
Nidhi, R., Padmalatha, V., Nagarathna, R., & Amritanshu, R. (2013). Effect of yoga program
on quality of life in adolescent polycystic ovarian syndrome: A randomized control trial.
Applied Research in Quality of Life, 8, 373–383. https://doi.org/10.1007/s11482-0129191-9
Nisenblat, V., & Norman, R. J. (2009). Androgens and polycystic ovary syndrome. Current
Opinion in Endocrinology, Diabetes and Obesity, 16(3), 224–231. https://doi.org/
10.1097/MED.0b013e32832afd4d
O’Connell, K., Davis, A. R., & Kerns, J. (2007). Oral contraceptives: Side effects and
depression in adolescent girls. Contraception, 75(4), 299–304. https://doi.org/
10.1016/j.contraception.2006.09.008
O’Dea, I., Hunter, M. S., & Anjos, S. (1999). Life satisfaction and health-related quality of
life (SF-36) of middle-aged men and women. Climacteric, 2(2), 131–140.
https://doi.org/10.3109/13697139909025577
O’Reilly, J. R., & Reynolds, R. M. (2013). The risk of maternal obesity to the long-term
health
of
the
offspring.
Clinical
Endocrinology,
78(1),
9–16.
https://doi.org/10.1111/cen.12055
Oades, R. D., & Schepker, R. (1994). Serum gonadal steroid hormones in young
schizophrenic
patients.
Psychoneuroendocrinology,
19(4),
373–385.
https://doi.org/10.1016/0306-4530(94)90017-5
Okita, K., Kanahara, N., Nishimura, M., Yoshida, T., Yasui-Furukori, N., Niitsu, T., … Iyo,
M. (2014). Second-generation antipsychotics and bone turnover in schizophrenia.
Schizophrenia
Research,
157(1–3),
137–140.
https://doi.org/10.1016/
j.schres.2014.05.009
Ollila, M. M. E., West, S., Keinänen-Kiukaanniemi, S., Jokelainen, J., Auvinen, J., Puukka,
K., … Morin-Papunen, L. C. (2017). Overweight and obese but not normal weight
women with PCOS are at increased risk of Type 2 diabetes mellitus—A prospective,
population-based cohort study. Human Reproduction, 32(2), 423–431.
https://doi.org/10.1093/humrep/dew329

128

Ostadmohammadi, V., Jamilian, M., Bahmani, F., & Asemi, Z. (2019). Vitamin D and
probiotic co-supplementation affects mental health, hormonal, inflammatory and
oxidative stress parameters in women with polycystic ovary syndrome. Journal of
Ovarian Research, 12(1), 5. https://doi.org/10.1186/s13048-019-0480-x
Ozcan Dag, Z., Alpua, M., Isik, Y., Buturak, S. V., Tulmac, O. B., & Turkel, Y. (2017). The
evaluation of temperament and quality of life in patients with polycystic ovary
syndrome.
Gynecological
Endocrinology,
33(3),
250–253.
https://doi.org/10.1080/09513590.2016.1254610
Panico, A., Messina, G., Lupoli, G. A., Lupoli, R., Cacciapuoti, M., Moscatelli, F., … Lupoli,
G. (2017). Quality of life in overweight (obese) and normal-weight women with
polycystic ovary syndrome. Patient Preference and Adherence, 11, 423–429.
https://doi.org/10.2147/PPA.S119180
Parker, G., & Hadzi-Pavlovic, D. (2004). Is the female preponderance in major depression
secondary to a gender difference in specific anxiety disorders? Psychological Medicine,
34(3), 461–470. https://doi.org/10.1017/S0033291703001181
Pasch, L., He, S. Y., Huddleston, H., Cedars, M. I., Beshay, A., Zane, L. T., & Shinkai, K.
(2016). Clinician vs self-ratings of hirsutism in patients with polycystic ovarian
syndrome associations with quality of life and depression. JAMA Dermatology, 152(7),
783–788. https://doi.org/10.1001/jamadermatol.2016.0358
Pastor, C. L., Griffin-Korf, M. L., Aloi, J. A., Evans, W. S., & Marshall, J. C. (1998).
Polycystic ovary syndrome: Evidence for reduced sensitivity of the gonadotropinreleasing hormone pulse generator to inhibition by estradiol and progesterone. Journal
of
Clinical
Endocrinology
and
Metabolism,
83(2),
582–590.
https://doi.org/10.1210/jc.83.2.582
Perälä, J., Suvisaari, J., Saarni, S. I., Kuoppasalmi, K., Isometsä, E., Pirkola, S., … Lönnqvist,
J. (2007). Lifetime prevalence of psychotic and bipolar I disorders in a general
population.
Archives
of
General
Psychiatry,
64(1),
19–28.
https://doi.org/10.1001/archpsyc.64.1.19
Perruccio, A. V., Katz, J. N., & Losina, E. (2012). Health burden in chronic disease:
Multimorbidity is associated with self-rated health more than medical comorbidity
alone.
Journal
of
Clinical
Epidemiology,
65(1),
100–106.
https://doi.org/10.1016/j.jclinepi.2011.04.013
Perry, B. I., McIntosh, G., Weich, S., Singh, S., & Rees, K. (2016). The association between
first-episode psychosis and abnormal glycaemic control: Systematic review and metaanalysis. The Lancet Psychiatry, 3(11), 1049–1058. https://doi.org/10.1016/S22150366(16)30262-0
Perry, B. I., Upthegrove, R., Thompson, A., Marwaha, S., Zammit, S., Singh, S. P., &
Khandaker, G. (2019). Dysglycaemia, inflammation and psychosis: Findings from the
UK ALSPAC birth cohort. Schizophrenia Bulletin, 45(2), 330–338.
https://doi.org/10.1093/schbul/sby040
Pethö, B., Karczag, I., & Czeizel, A. (1982). Familially accumulated schizophrenia (folie à
cinq) in association with Stein–Leventhal syndrome. Psychopathology, 15(4), 206–211.
https://doi.org/10.1159/000283940
129

Pigny, P., Jonard, S., Robert, Y., & Dewailly, D. (2006). Serum anti-Müllerian hormone as
a surrogate for antral follicle count for definition of the polycystic ovary syndrome.
Journal of Clinical Endocrinology and Metabolism, 91(3), 941–945.
https://doi.org/10.1210/jc.2005-2076
Pillinger, T., Beck, K., Gobjila, C., Donocik, J. G., Jauhar, S., & Howes, O. D. (2017).
Impaired glucose homeostasis in first-episode schizophrenia: A systematic review and
meta-analysis. JAMA Psychiatry, 74(3), 261–269. https://doi.org/10.1001/
jamapsychiatry.2016.3803
Piltonen, T., Koivunen, R., Perheentupa, A., Morin-Papunen, L., Ruokonen, A., &
Tapanainen, J. S. (2004). Ovarian age-related responsiveness to human chorionic
gonadotropin in women with polycystic ovary syndrome. Journal of Clinical
Endocrinology and Metabolism, 89(8), 3769–3775. https://doi.org/10.1210/jc.2003031851
Piltonen, T. T., Giacobini, P., Edvinsson, Å., Hustad, S., Lager, S., Morin-Papunen, L., …
Arffman, R. K. (2019). Circulating antimüllerian hormone and steroid hormone levels
remain high in pregnant women with polycystic ovary syndrome at term. Fertility and
Sterility, 111(3), 588–596.e1. https://doi.org/10.1016/j.fertnstert.2018.11.028
Piltonen, T. T., Ruokojärvi, M., Karro, H., Kujanpää, L., Morin-Papunen, L., Tapanainen, J.
S., … Falah-Hassani, K. (2019). Awareness of polycystic ovary syndrome among
obstetrician-gynecologists and endocrinologists in Northern Europe. PLoS ONE, 14(12),
e0226074. https://doi.org/10.1371/journal.pone.0226074
Pinola, P., Piltonen, T. T., Puurunen, J., Vanky, E., Sundström-Poromaa, I., Stener-Victorin,
E., … Morin-Papunen, L. C. (2015). Androgen profile through life in women with
polycystic ovary syndrome: A Nordic multicenter collaboration study. Journal of
Clinical Endocrinology and Metabolism, 100(9), 3400–3407. https://doi.org/
10.1210/jc.2015-2123
Pinola, P., Puukka, K., Piltonen, T. T., Puurunen, J., Vanky, E., Sundström-Poromaa, I., …
Morin-Papunen, L. C. (2017). Normo- and hyperandrogenic women with polycystic
ovary syndrome exhibit an adverse metabolic profile through life. Fertility and Sterility,
107(3), 788–795.e2. https://doi.org/10.1016/j.fertnstert.2016.12.017
Pressman, S. D., & Cohen, S. (2005). Does positive affect influence health? Psychological
Bulletin, 131(6), 925–971. https://doi.org/10.1037/0033-2909.131.6.925
Puurunen, J., Piltonen, T., Jaakkola, P., Ruokonen, A., Morin-Papunen, L., & Tapanainen,
J. S. (2009). Adrenal androgen production capacity remains high up to menopause in
women with polycystic ovary syndrome. Journal of Clinical Endocrinology and
Metabolism, 94(6), 1973–1978. https://doi.org/10.1210/jc.2008-2583
Puurunen, J., Piltonen, T., Morin-Papunen, L., Perheentupa, A., Järvelä, I., Ruokonen, A.,
& Tapanainen, J. S. (2011). Unfavorable hormonal, metabolic, and inflammatory
alterations persist after menopause in women with PCOS. Journal of Clinical
Endocrinology and Metabolism, 96(6), 1827–1834. https://doi.org/10.1210/jc.20110039

130

Raeder, M. B., Bjelland, I., Vollset, S. E., & Steen, V. M. (2006). Obesity, dyslipidemia, and
diabetes with selective serotonin reuptake inhibitors: The Hordaland Health Study.
Journal
of
Clinical
Psychiatry,
67(12),
1974–1982.
https://doi.org/
10.4088/JCP.v67n1219
Ram, N., Nagarathna, R., Padmalatha, V., & Amritanshu, R. (2012). Effect of holistic yoga
program on anxiety symptoms in adolescent girls with polycystic ovarian syndrome: A
randomized control trial. International Journal of Yoga, 5(2), 112–117.
https://doi.org/10.4103/0973-6131.98223
Ramos, F., Lara, L., Kogure, G., Silva, R., Ferriani, R., Silva de Sá, M., & Reis, R. (2016).
Quality of life in women with polycystic ovary syndrome after a program of resistance
exercise training. Revista Brasileira de Ginecologia e Obstetrícia/RBGO Gynecology
and Obstetrics, 38(7), 340–347. https://doi.org/10.1055/s-0036-1585457
Rantakallio, P. (1969). Groups at risk in low birth weight infants and perinatal mortality.
Acta Paediatrica Scandinavica, 193, Suppl 193:1.
Rantakallio, P. (1988). The longitudinal study of the Northern Finland birth cohort of 1966.
Paediatric and Perinatal Epidemiology, 2(1), 59–88. https://doi.org/10.1111/j.13653016.1988.tb00180.x
Rasgon, N. L., Rao, R. C., Hwang, S., Altshuler, L. L., Elman, S., Zuckerbrow-Miller, J., &
Korenman, S. G. (2003). Depression in women with polycystic ovary syndrome:
Clinical and biochemical correlates. Journal of Affective Disorders, 253, 385–393.
https://doi.org/10.1016/S0165-0327(02)00117-9
Ravindran, L. N., & Stein, M. B. (2010). The pharmacologic treatment of anxiety disorders:
A review of progress. Journal of Clinical Psychiatry, 71(7), 839–854.
https://doi.org/10.4088/JCP.10r06218blu
Rees, D. A., Udiawar, M., Berlot, R., Jones, D. K., & O’Sullivan, M. J. (2016). White matter
microstructure and cognitive function in young women with polycystic ovary syndrome.
Journal of Clinical Endocrinology and Metabolism, 101(1), 314–323.
https://doi.org/10.1210/jc.2015-2318
Riahi, F., Izadi-Mazidi, M., Ghaffari, A., Yousefi, E., & Khademvatan, S. (2016).
Comparison of plasma neurosteroid and prolactin levels in patients with schizophrenia
and
healthy
individuals.
Scientifica,
2016,
3108689.
https://doi.org/
10.1155/2016/3108689
Ribeiro, V. B., Lopes, I. P., dos Reis, R. M., Silva, R. C., Mendes, M. C., Melo, A. S., …
Lara, L. A. da S. (2019). Continuous versus intermittent aerobic exercise in the
improvement of quality of life for women with polycystic ovary syndrome: A
randomized controlled trial. Journal of Health Psychology, 1359105319869806.
https://doi.org/10.1177/1359105319869806
Riecher-Rössler, A. (2002). Oestrogen effects in schizophrenia and their potential
therapeutic implications—Review. Archives of Women’s Mental Health, 5(3), 111–118.
https://doi.org/10.1007/s00737-002-0003-3
Riecher-Rössler, A. (2016). Sex and gender differences in schizophrenic psychoses.
European Psychiatry, 33(1), 46. https://doi.org/10.1016/j.eurpsy.2016.01.905

131

Risal, S., Pei, Y., Lu, H., Manti, M., Fornes, R., Pui, H. P., … Stener-Victorin, E. (2019).
Prenatal androgen exposure and transgenerational susceptibility to polycystic ovary
syndrome. Nature Medicine, 25(12), 1894–1904. https://doi.org/10.1038/s41591-0190666-1
Rissanen, T., Lehto, S. M., Hintikka, J., Honkalampi, K., Saharinen, T., Viinamäki, H., &
Koivumaa-Honkanen, H. (2013). Biological and other health related correlates of longterm life dissatisfaction burden. BMC Psychiatry, 13, 202. https://doi.org/
10.1186/1471-244X-13-202
Rocha, A. L. L., Faria, L. C., Guimarães, T. C. M., Moreira, G. V., Cândido, A. L., Couto,
C. A., & Reis, F. M. (2017). Non-alcoholic fatty liver disease in women with polycystic
ovary syndrome: Systematic review and meta-analysis. Journal of Endocrinological
Investigation, 40(12), 1279–1288. https://doi.org/10.1007/s40618-017-0708-9
Rofey, D. L., Szigethy, E. M., Noll, R. B., Dahl, R. E., Lobst, E., & Arslanian, S. A. (2009).
Cognitive-behavioral therapy for physical and emotional disturbances in adolescents
with polycystic ovary syndrome: A pilot study. Journal of Pediatric Psychology, 34(2),
156–163. https://doi.org/10.1093/jpepsy/jsn057
Rosenfield, R. L., & Ehrmann, D. A. (2016). The pathogenesis of polycystic ovary syndrome
(PCOS): The hypothesis of PCOS as functional ovarian hyperandrogenism revisited.
Endocrine Reviews, 37(5), 467–520. https://doi.org/10.1210/er.2015-1104
Rössler, W., Ajdacic-Gross, V., Riecher-Rössler, A., Angst, J., & Hengartner, M. P. (2016).
Does menopausal transition really influence mental health? Findings from the
prospective long-term Zurich study. World Psychiatry, 15(2), 146–154.
https://doi.org/10.1002/wps.20319
Rowlands, I. J., Teede, H., Lucke, J., Dobson, A. J., & Mishra, G. D. (2016). Young
women’s psychological distress after a diagnosis of polycystic ovary syndrome or
endometriosis.
Human
Reproduction, 31(9), 2072–2081.
https://doi.org/
10.1093/humrep/dew174
Rubin, L. H., Carter, C. S., Drogos, L., Pournajafi-Nazarloo, H., Sweeney, J. A., & Maki, P.
M. (2010). Peripheral oxytocin is associated with reduced symptom severity in
schizophrenia. Schizophrenia Research, 124(1–3), 13–21. https://doi.org/
10.1016/j.schres.2010.09.014
Ruddenklau, A., & Campbell, R. E. (2019). Neuroendocrine impairments of polycystic
ovary syndrome. Endocrinology, 160(10), 2230–2242. https://doi.org/10.1210/
en.2019-00428
Rzońca, E., Bień, A., Wdowiak, A., Szymański, R., & Iwanowicz-Palus, G. (2018).
Determinants of quality of life and satisfaction with life in women with polycystic ovary
syndrome. International Journal of Environmental Research and Public Health, 15(2),
376. https://doi.org/10.3390/ijerph15020376
Saarni, S. E., Saarni, S. I., Fogelholm, M., Heliövaara, M., Perälä, J., Suvisaari, J., &
Lönnqvist, J. (2009). Body composition in psychotic disorders: A general population
survey.
Psychological
Medicine,
39(5),
801–810.
https://doi.org/
10.1017/S0033291708004194

132

Saarni, S. I., Härkänen, T., Sintonen, H., Suvisaari, J., Koskinen, S., Aromaa, A., &
Lönnqvist, J. (2006). The impact of 29 chronic conditions on health-related quality of
life: A general population survey in Finland using 15D and EQ-5D. Quality of Life
Research, 15(8), 1403–1414. https://doi.org/10.1007/s11136-006-0020-1
Saarni, S. I., Suvisaari, J., Sintonen, H., Koskinen, S., Härkänen, T., & Lönnqvist, J. (2007).
The health-related quality-of-life impact of chronic conditions varied with age in
general population. Journal of Clinical Epidemiology, 60(12), 1288–1297.
https://doi.org/10.1016/j.jclinepi.2007.03.004
Salk, R. H., Petersen, J. L., Abramson, L. Y., & Hyde, J. S. (2016). The contemporary face
of gender differences and similarities in depression throughout adolescence:
Development and chronicity. Journal of Affective Disorders, 205, 28–35.
https://doi.org/10.1016/j.jad.2016.03.071
Sampogna, F., Tabolli, S., & Abeni, D. (2013). Impact of different skin conditions on quality
of life. Giornale Italiano Di Dermatologia e Venereologia, 143(3), 255–61.
Sandanger, I., Moum, T., Ingebrigtsen, G., Dalgard, O. S., Sørensen, T., & Bruusgaard, D.
(1998). Concordance between symptom screening and diagnostic procedure: The
Hopkins Symptom Checklist-25 and the Composite International Diagnostic Interview
I. Social Psychiatry and Psychiatric Epidemiology, 33(7), 345–354.
https://doi.org/10.1007/s001270050064
Sandanger, I., Moum, T., Ingebrigtsen, G., Sørensen, T., Dalgard, O. S., & Bruusgaard, D.
(1999). The meaning and significance of caseness: The Hopkins Symptom Checklist25 and the Composite International Diagnostic Interview II. Social Psychiatry and
Psychiatric Epidemiology, 34(1), 53–59. https://doi.org/10.1007/s001270050112
Santoro, N., Eisenberg, E., Trussell, J. C., Craig, L. B., Gracia, C., Huang, H., … Zhang, H.
(2016). Fertility-related quality of life from two RCT cohorts with infertility:
Unexplained infertility and polycystic ovary syndrome. Human Reproduction, 31(10),
2268–2279. https://doi.org/10.1093/humrep/dew175
Schimmack, U., Radhakrishnan, P., Oishi, S., Dzokoto, V., & Ahadi, S. (2002). Culture,
personality, and subjective well-being: Integrating process models of life satisfaction.
Journal
of
Personality
and
Social
Psychology,
82(4),
582–593.
https://doi.org/10.1037//0022-3514.82.4.582
Schmid, J., Kirchengast, S., Vytiska-Binstorfer, E., & Huber, J. (2004). Psychosocial and
sociocultural aspects of infertility—A comparison between Austrian women and
immigrant women. Anthropologischer Anzeiger; Bericht Über Die BiologischAnthropologische
Literatur,
62(3),
301–309.
https://doi.org/10.1127/
anthranz/62/2004/301
Schmidt, J., Landin-Wilhelmsen, K., Brännström, M., & Dahlgren, E. (2011).
Cardiovascular disease and risk factors in PCOS women of postmenopausal age: A 21year controlled follow-up study. Journal of Clinical Endocrinology and Metabolism,
96(12), 3794–3803. https://doi.org/10.1210/jc.2011-1677

133

Schoon, I., Hansson, L., & Salmela-Aro, K. (2005). Combining work and family life: Life
satisfaction among married and divorced men and women in Estonia, Finland, and the
UK. European Psychologist, 10(4), 309–319. https://doi.org/10.1027/10169040.10.4.309
Sethi, P., Sharma, A., Goyal, L. D., & Kaur, G. (2016). Prevalence of psychiatric morbidity
in females amongst infertile couples—A hospital based report. Journal of Clinical and
Diagnostic Research, 10(7), VC04–VC07. https://doi.org/ 10.7860/JCDR/2016/
19639.8090
Setiawan, E., Wilson, A. A., Mizrahi, R., Rusjan, P. M., Miler, L., Rajkowska, G., … Meyer,
J. H. (2015). Role of translocator protein density, a marker of neuroinflammation, in the
brain during major depressive episodes. JAMA Psychiatry, 72(3), 268–275.
https://doi.org/10.1001/jamapsychiatry.2014.2427
Shah, P., Iwata, Y., Caravaggio, F., Plitman, E., Brown, E. E., Kim, J., … Graff-Guerrero,
A. (2019). Alterations in body mass index and waist-to-hip ratio in never and minimally
treated patients with psychosis: A systematic review and meta-analysis. Schizophrenia
Research, 208, 420–429. https://doi.org/10.1016/j.schres.2019.01.005
Sherrard, W. (1999). The fertility problem inventory: Measuring perceived infertility-related
stress. Fertility and Sterility, 72(1), 54–62. https://doi.org/10.1016/S00150282(99)00164-8
Shi, X., Zhang, L., Fu, S., & Li, N. (2011). Co-involvement of psychological and
neurological abnormalities in infertility with polycystic ovarian syndrome. Archives of
Gynecology and Obstetrics, 284(3), 773–778. https://doi.org/10.1007/s00404-0111947-1
Shimada-Sugimoto, M., Otowa, T., & Hettema, J. M. (2015). Genetics of anxiety disorders:
Genetic epidemiological and molecular studies in humans. Psychiatry and Clinical
Neurosciences, 69(7), 388–401. https://doi.org/10.1111/pcn.12291
Shishehgar, F., Ramezani Tehrani, F., Mirmiran, P., Hajian, S., & Baghestani, A. R. (2016).
Comparison of the association of excess weight on health related quality of life of
women with polycystic ovary syndrome: An age- and BMI-matched case control study.
PLoS ONE, 11(10), e0162911. https://doi.org/10.1371/journal.pone.0162911
Shorakae, S., Ranasinha, S., Abell, S., Lambert, G., Lambert, E., de Courten, B., & Teede,
H. (2018). Inter-related effects of insulin resistance, hyperandrogenism, sympathetic
dysfunction and chronic inflammation in PCOS. Clinical Endocrinology, 89(5), 628–
633. https://doi.org/10.1111/cen.13808
Shuster, S., Fisher, G. H., Harris, E., & Binnell, D. (1978). The effect of skin disease on self
image. British Journal of Dermatology, 99(Suppl16), 18–19. https://doi.org/
10.1111/j.1365-2133.1978.tb15214.x
Sintonen, H. (2001). The 15D instrument of health-related quality of life: Properties and
applications. Annals of Medicine, 33(5), 328–336. https://doi.org/ 10.3109/
07853890109002086
Skovlund, C. W., Mørch, L. S., Kessing, L. V., & Lidegaard, O. (2016). Association of
hormonal contraception with depression. JAMA Psychiatry, 73(11), 1154–1162.
https://doi.org/10.1001/jamapsychiatry.2016.2387
134

Smith, K. J., Béland, M., Clyde, M., Gariépy, G., Pagé, V., Badawi, G., … Schmitz, N.
(2013). Association of diabetes with anxiety: A systematic review and meta-analysis.
Journal
of
Psychosomatic
Research,
74(2),
89–99.
https://doi.org/
10.1016/j.jpsychores.2012.11.013
Solanki, R. K., Sharma, P., Tyagi, A., & Singh, C. (2017). Serum levels of neuroactive
steroids in first-episode antipsychotic-naïve schizophrenic patients and its correlation
with aggression: A case-control study. East Asian Archives of Psychiatry, 27(2), 79–84.
Sonino, N., Faval, G. A., Mani, E., Belluardo, P., & Boscaro, M. (1993). Quality of life of
hirsute
women.
Postgraduate
Medical
Journal,
69(809),
186–189.
https://doi.org/10.1136/pgmj.69.809.186
Spijker, J., De Graaf, R., Bijl, R. V., Beekman, A. T. F., Ormel, J., & Nolen, W. A. (2002).
Duration of major depressive episodes in the general population: Results from the
Netherlands Mental Health Survey and Incidence Study (NEMESIS). British Journal
of Psychiatry, 181(3), 181–183. https://doi.org/10.1192/bjp.181.3.208
Stefanaki, C., Bacopoulou, F., Livadas, S., Kandaraki, A., Karachalios, A., Chrousos, G. P.,
& Diamanti-Kandarakis, E. (2015). Impact of a mindfulness stress management
program on stress, anxiety, depression and quality of life in women with polycystic
ovary syndrome: A randomized controlled trial. Stress, 18(1), 57–66.
https://doi.org/10.3109/10253890.2014.974030
Stein, I. F., & Leventhal, M. L. (1935). Amenorrhea associated with bilateral polycystic
ovaries. American Journal of Obstetrics and Gynecology, 214(2), 247.e1–247.e11.
https://doi.org/10.1016/s0002-9378(15)30642-6
Stener-Victorin, E. (2020). Epigenetic and transgenerational transmission of polycystic
ovary syndrome. Current Opinion in Endocrine and Metabolic Research, 12, 72–77.
https://doi.org/10.1016/j.coemr.2020.03.005
Stener-Victorin, E., Holm, G., Janson, P. O., Gustafson, D., & Waern, M. (2013).
Acupuncture and physical exercise for affective symptoms and health-related quality of
life in polycystic ovary syndrome: Secondary analysis from a randomized controlled
trial. BMC Complementary and Alternative Medicine, 13, 131. https://doi.org/
10.1186/1472-6882-13-131
Stener-Victorin, E., Manti, M., Fornes, R., Risal, S., Lu, H., & Benrick, A. (2019). Origins
and impact of psychological traits in polycystic ovary syndrome. Medical Sciences, 7(8),
86. https://doi.org/10.3390/medsci7080086
Stener-Victorin, E., Padmanabhan, V., Walters, K. A., Campbell, R. E., Benrick, A.,
Giacobini, P., … Abbott, D. H. (2020). Animal models to understand the etiology and
pathophysiology of polycystic ovary syndrome. Endocrine Reviews, 41(4), 538–576.
https://doi.org/10.1210/endrev/bnaa010
Steptoe, A., Deaton, A., & Stone, A. A. (2015). Subjective wellbeing, health, and ageing.
The Lancet, 385(9968), 640–648. https://doi.org/10.1016/S0140-6736(13)61489-0
Stone, A. A., Schwartz, J. E., Broderick, J. E., & Deaton, A. (2010). A snapshot of the age
distribution of psychological well-being in the United States. Proceedings of the
National Academy of Sciences of the United States of America, 107(22), 9985–9990.
https://doi.org/10.1073/pnas.1003744107
135

Strine, T. W., Chapman, D. P., Balluz, L. S., Moriarty, D. G., & Mokdad, A. H. (2008). The
associations between life satisfaction and health-related quality of life, chronic illness,
and health behaviors among U.S. community-dwelling adults. Journal of Community
Health, 33(1), 40–50. https://doi.org/10.1007/s10900-007-9066-4
Strous, R. D., Maayan, R., Lapidus, R., Goredetsky, L., Zeldich, E., Kotler, M., & Weizman,
A. (2004). Increased circulatory dehydroepiandrosterone and dehydroepiandrosteronesulphate in first-episode schizophrenia: Relationship to gender, aggression and
symptomatology. Schizophrenia Research, 71(2–3), 427–434. https://doi.org/
10.1016/j.schres.2004.03.005
Suzuki, S., Brown, C. M., & Wise, P. M. (2009). Neuroprotective effects of estrogens
following ischemic stroke. Frontiers in Neuroendocrinology, 30(2), 201–211.
https://doi.org/10.1016/j.yfrne.2009.04.007
Tamayo-Fonseca, N., Nolasco, A., Quesada, J. A., Pereyra-Zamora, P., Melchor, I., Moncho,
J., … Barona, C. (2015). Self-rated health and hospital services use in the Spanish
National Health System: A longitudinal study. BMC Health Services Research, 15, 492.
https://doi.org/10.1186/s12913-015-1158-8
Tan, S., Hahn, S., Benson, S., Janssen, O. E., Dietz, T., Kimmig, R., … Elsenbruch, S. (2008).
Psychological implications of infertility in women with polycystic ovary syndrome.
Human Reproduction, 23(9), 2064–2071. https://doi.org/10.1093/humrep/den227
Taponen, S., Ahonkallio, S., Martikainen, H., Koivunen, R., Ruokonen, A., Sovio, U., …
Järvelin, M. R. (2004). Prevalence of polycystic ovaries in women with self-reported
symptoms of oligomenorrhoea and/or hirsutism: Northern Finland Birth Cohort 1966
study. Human Reproduction, 19(5), 1083–1088. https://doi.org/10.1093/
humrep/deh214
Taponen, S., Martikainen, H., Järvelin, M. R., Laitinen, J., Pouta, A., Hartikainen, A. L., …
Ruokonen, A. (2003). Hormonal profile of women with self-reported symptoms of
oligomenorrhea and/or hirsutism: Northern Finland Birth Cohort 1966 study. Journal
of Clinical Endocrinology and Metabolism, 88(1), 141–147. https://doi.org/
10.1210/jc.2002-020982
Taponen, S., Martikainen, H., Järvelin, M. R., Sovio, U., Laitinen, J., Pouta, A., …
Ruokonen, A. (2004). Metabolic cardiovascular disease risk factors in women with selfreported symptoms of oligomenorrhea and/or hirsutism: Northern Finland Birth Cohort
1966 Study. Journal of Clinical Endocrinology and Metabolism, 89(5), 2114–2118.
https://doi.org/10.1210/jc.2003-031720
Tata, B., Mimouni, N. E. H., Barbotin, A. L., Malone, S. A., Loyens, A., Pigny, P., …
Giacobini, P. (2018). Elevated prenatal anti-Müllerian hormone reprograms the fetus
and induces polycystic ovary syndrome in adulthood. Nature Medicine, 24(6), 834–846.
https://doi.org/10.1038/s41591-018-0035-5
Tay, C. T., Teede, H. J., Boyle, J. A., Kulkarni, J., Loxton, D., & Joham, A. E. (2019).
Perinatal mental health in women with polycystic ovary syndrome: A cross-sectional
analysis of an Australian population-based cohort. Journal of Clinical Medicine, 8(12),
2070. https://doi.org/10.3390/jcm8122070

136

Tay, C. T., Teede, H. J., Hill, B., Loxton, D., & Joham, A. E. (2019). Increased prevalence
of eating disorders, low self-esteem, and psychological distress in women with
polycystic ovary syndrome: A community-based cohort study. Fertility and Sterility,
112(2), 353–361. https://doi.org/10.1016/j.fertnstert.2019.03.027
Taylor, A. E., Mccourt, B., Martin, K. A., Anderson, E. J., Adams, J. M., Schoenfeld, D., &
Hall, J. E. (1997). Determinants of abnormal gonadotropin secretion in clinically
defined women with polycystic ovary syndrome. Journal of Clinical Endocrinology
and Metabolism, 82(7), 2248–2256. https://doi.org/10.1210/jc.82.7.2248
Teede, H., Deeks, A., & Moran, L. (2010). Polycystic ovary syndrome: A complex condition
with psychological, reproductive and metabolic manifestations that impacts on health
across the lifespan. BMC Medicine, 8, 41. https://doi.org/10.1186/1741-7015-8-41
Teede, H. J., Joham, A. E., Paul, E., Moran, L. J., Loxton, D., Jolley, D., & Lombard, C.
(2013). Longitudinal weight gain in women identified with polycystic ovary syndrome:
Results of an observational study in young women. Obesity, 21(8), 1526–1532.
https://doi.org/10.1002/oby.20213
Teede, H. J., Misso, M. L., Costello, M. F., Dokras, A., Laven, J., Moran, L., … Yildiz, B.
O. (2018). Recommendations from the international evidence-based guideline for the
assessment and management of polycystic ovary syndrome. Human Reproduction,
33(9), 1602–1618. https://doi.org/10.1093/humrep/dey256
Teede, H., Misso, M., Tassone, E. C., Dewailly, D., Ng, E. H., Azziz, R., … Laven, J. S. E.
(2019). Anti-Müllerian hormone in PCOS: A review informing international guidelines.
Trends in Endocrinology and Metabolism, 30(7), 467–478. https://doi.org/
10.1016/j.tem.2019.04.006
The Rotterdam ESHRE/ASRM‐sponsored PCOS consensus workshop group. (2004).
Revised 2003 consensus on diagnostic criteria and long-term health risks related to
polycystic ovary syndrome (PCOS) The Rotterdam ESHRE/ASRM-sponsored PCOS
consensus workshop group. Human Reproduction, 81(1), 19–25. https://doi.org/
10.1093/humrep/deh098
Thomson, R. L., Buckley, J. D., Lim, S. S., Noakes, M., Clifton, P. M., Norman, R. J., &
Brinkworth, G. D. (2010). Lifestyle management improves quality of life and
depression in overweight and obese women with polycystic ovary syndrome. Fertility
and Sterility, 94(5), 1812–1816. https://doi.org/10.1016/j.fertnstert.2009.11.001
Trent, M., Austin, S. B., Rich, M., & Gordon, C. M. (2005). Overweight status of adolescent
girls with polycystic ovary syndrome: Body mass index as mediator of quality of life.
Ambulatory Pediatrics, 5(2), 107–111. https://doi.org/10.1367/A04-130R.1
Trent, M. E., Rich, M., Austin, S. B., & Gordon, C. M. (2003). Fertility concerns and sexual
behavior in adolescent girls with polycystic ovary syndrome: Implications for quality
of life. Journal of Pediatric and Adolescent Gynecology, 16(1), 33–37.
https://doi.org/10.1016/S1083-3188(02)00205-X
Trent, M. E., Rich, M., Bryn Austin, S., & Gordon, C. M. (2002). Quality of life in adolescent
girls with polycystic ovary syndrome. Archives of Pediatrics and Adolescent Medicine,
156(6), 556–560. https://doi.org/10.1001/archpedi.156.6.556

137

Uher, R., Payne, J. L., Pavlova, B., & Perlis, R. H. (2014). Major depressive disorder in
DSM-5: Implications for clinical practice and research of changes from DSM-IV.
Depression and Anxiety, 31(6), 459–471. https://doi.org/10.1002/da.22217
University of Oulu: Northern Finland Birth Cohort 1966. University of Oulu.
http://urn.fi/urn:nbn:fi:att:bc1e5408-980e-4a62-b899-43bec3755243
Upthegrove, R., Manzanares-Teson, N., & Barnes, N. M. (2014). Cytokine function in
medication-naive first episode psychosis: A systematic review and meta-analysis.
Schizophrenia Research, 155(1–3), 101–108. https://doi.org/10.1016/j.schres.2014.
03.005
Valdimarsdottir, R., Valgeirsdottir, H., Wikström, A. K., Kallak, T. K., Elenis, E., Axelsson,
O., … Poromaa, I. S. (2019). Pregnancy and neonatal complications in women with
polycystic ovary syndrome in relation to second-trimester anti-Müllerian hormone
levels. Reproductive BioMedicine Online, 39(1), 141–148. https://doi.org/
10.1016/j.rbmo.2019.02.004
Valkanova, V., Ebmeier, K. P., & Allan, C. L. (2013). CRP, IL-6 and depression: A
systematic review and meta-analysis of longitudinal studies. Journal of Affective
Disorders, 150(3), 736–744. https://doi.org/10.1016/j.jad.2013.06.004
Van Der Werf, M., Hanssen, M., Köhler, S., Verkaaik, M., Verhey, F. R., Van Winkel, R., …
Allardyce, J. (2014). Systematic review and collaborative recalculation of 133 693
incident cases of schizophrenia. Psychological Medicine, 44(1), 9–16.
https://doi.org/10.1017/S0033291712002796
Vancampfort, D., Stubbs, B., Mitchell, A. J., De Hert, M., Wampers, M., Ward, P. B., …
Correll, C. U. (2015). Risk of metabolic syndrome and its components in people with
schizophrenia and related psychotic disorders, bipolar disorder and major depressive
disorder: A systematic review and meta-analysis. World Psychiatry, 14(3), 339–347.
https://doi.org/10.1002/wps.20252
Vázquez, C., Rahona, J. J., Gómez, D., Caballero, F. F., & Hervás, G. (2014). A national
representative study of the relative impact of physical and psychological problems on
life satisfaction. Journal of Happiness Studies, 16, 135–148. https://doi.org/
10.1007/s10902-014-9501-z
Veijola, J., Jokelainen, J., Läksy, K., Kantojärvi, L., Kokkonen, P., Järvelin, M. R., &
Joukamaa, M. (2003). The Hopkins Symptom Checklist-25 in screening DSM-III-R
axis-I disorders. Nordic Journal of Psychiatry, 57(2), 119–123. https://doi.org/
10.1080/08039480310000941
Veltman-Verhulst, S. M., Boivin, J., Eijkemans, M. J. C., & Fauser, B. J. C. M. (2012).
Emotional distress is a common risk in women with polycystic ovary syndrome: A
systematic review and meta-analysis of 28 studies. Human Reproduction Update, 18(6),
638–651. https://doi.org/10.1093/humupd/dms029
Vie, T. L., Hufthammer, K. O., Meland, E., & Breidablik, H. J. (2019). Self-rated health
(SRH) in young people and causes of death and mortality in young adulthood. A
prospective registry-based Norwegian HUNT-study. SSM—Population Health, 7,
100364. https://doi.org/10.1016/j.ssmph.2019.100364

138

Viollet, B., Guigas, B., Sanz Garcia, N., Leclerc, J., Foretz, M., & Andreelli, F. (2012).
Cellular and molecular mechanisms of metformin: An overview. Clinical Science,
122(6), 253–270. https://doi.org/10.1042/CS20110386
Vreeburg, S. A., Hoogendijk, W. J. G., van Pelt, J., DeRijk, R. H., Verhagen, J. C. M., van
Dyck, R., … Penninx, B. W. J. H. (2009). Major depressive disorder and hypothalamic–
pituitary–adrenal axis activity. Archives of General Psychiatry, 66(6), 617–626.
https://doi.org/10.1001/archgenpsychiatry.2009.50
Walker, E. R., McGee, R. E., & Druss, B. G. (2015). Mortality in mental disorders and global
disease burden implications: A systematic review and meta-analysis. JAMA Psychiatry,
72(4), 334–341. https://doi.org/10.1001/jamapsychiatry.2014.2502
Walters, K. A., Gilchrist, R. B., Ledger, W. L., Teede, H. J., Handelsman, D. J., & Campbell,
R. E. (2018). New perspectives on the pathogenesis of PCOS: Neuroendocrine origins.
Trends in Endocrinology and Metabolism, 29(12), 841–852. https://doi.org/
10.1016/j.tem.2018.08.005
Wang, F. F., Wu, Y., Zhu, Y. H., Ding, T., Batterham, R. L., Qu, F., & Hardiman, P. J.
(2018). Pharmacologic therapy to induce weight loss in women who have
obesity/overweight with polycystic ovary syndrome: A systematic review and network
meta-analysis. Obesity Reviews, 19(10), 1424–1445. https://doi.org/10.1111/obr.12720
Wang, L. J., Chou, M. C., Chou, W. J., Lee, M. J., Lee, S. Y., Lin, P. Y., … Yen, C. F.
(2017). Potential role of pre- and postnatal testosterone levels in attentiondeficit/hyperactivity disorder: Is there a sex difference? Neuropsychiatric Disease and
Treatment, 2017(13), 1331–1339. https://doi.org/10.2147/NDT.S136717
Ware, J. E., & Gandek, B. (1998). Overview of the SF-36 Health Survey and the
International Quality of Life Assessment (IQOLA) Project. Journal of Clinical
Epidemiology, 51(11), 903–912. https://doi.org/10.1016/S0895-4356(98)00081-X
Webber, L. J., Stubbs, S., Stark, J., Trew, G. H., Margara, R., Hardy, K., & Franks, S. (2003).
Formation and early development of follicles in the polycystic ovary. Lancet, 362(9389),
1017–1021. https://doi.org/10.1016/S0140-6736(03)14410-8
Weber, B., Lewicka, S., Deuschle, M., Colla, M., & Heuser, I. (2000). Testosterone,
androstenedione and dihydrotestosterone concentrations are elevated in female patients
with major depression. Psychoneuroendocrinology, 25(8), 765–771. https://doi.org/
10.1016/S0306-4530(00)00023-8
Weinberger, N. A., Kersting, A., Riedel-Heller, S. G., & Luck-Sikorski, C. (2017). Body
dissatisfaction in individuals with obesity compared to normal-weight individuals: A
systematic review and meta-analysis. Obesity Facts, 9(6), 424–441. https://doi.org/
10.1159/000454837
Weissman, M. M., & Klerman, G. L. (1977). Sex differences and the epidemiology of
depression. Archives of General Psychiatry, 34(19), 98–111. https://doi.org/10.1001/
archpsyc. 1977.01770130100011

139

West, S., Vähäsarja, M., Bloigu, A., Pouta, A., Franks, S., Hartikainen, A. L., … MorinPapunen, L. (2014). The impact of self-reported oligo-amenorrhea and hirsutism on
fertility and lifetime reproductive success: Results from the Northern Finland Birth
Cohort 1966. Human Reproduction, 29(3), 628–633. https://doi.org/10.1093/
humrep/det437
Word Health Organization. (1998). WHOQOL: Measuring quality of life. Psychol Med.
https://doi.org/10.5.12
Wijeyaratne, C. N., Dilini Udayangani, S. A., & Balen, A. H. (2013). Ethnic-specific
polycystic ovary syndrome: Epidemiology, significance and implications. Expert
Review of Endocrinology and Metabolism, 8(1), 71–79. https://doi.org/
10.1586/eem.12.73
World Health Organization. (1993). The ICD-10 classification of mental and behavioural
disorders: Diagnostic criteria for research. In The ICD-10 classification of mental and
behavioural disorders: Diagnostic criteria for research.
World Health Organization. (2000). Obesity: Preventing and managing the global epidemic.
Report of a WHO consultation. World Health Organ Tech Rep Ser. Who.
World Health Organization. (2018). Global health estimates 2018: Disease burden by cause,
sex, by country and region, 2000–2016. World Health Organization.
Xu, N., Kwon, S., Abbott, D. H., Geller, D. H., Dumesic, D. A., Azziz, R., … Goodarzi, M.
O. (2011). Epigenetic mechanism underlying the development of polycystic ovary
syndrome (PCOS)-like phenotypes in prenatally androgenized rhesus monkeys. PLoS
ONE, 6(11), e27286. https://doi.org/10.1371/journal.pone.0027286
Yildirim, O., Dogan, O., Semiz, M., & Kilicli, F. (2011). Serum cortisol and
dehydroepiandrosterone-sulfate levels in schizophrenic patients and their first-degree
relatives. Psychiatry and Clinical Neurosciences, 65(6), 584–591. https://doi.org/
10.1111/j.1440-1819.2011.02252.x
Yildiz, B. O., Bolour, S., Woods, K., Moore, A., & Azziz, R. (2009). Visually scoring
hirsutism. Human Reproduction Update, 16(1), 51–64. https://doi.org/
10.1093/humupd/dmp024
Yildiz, B. O., Knochenhauer, E. S., & Azziz, R. (2008). Impact of obesity on the risk for
polycystic ovary syndrome. Journal of Clinical Endocrinology and Metabolism, 93(1),
162–168. https://doi.org/10.1210/jc.2007-1834
Yin, X., Ji, Y., Chan, C. L. W., & Chan, C. H. Y. (2020). The mental health of women with
polycystic ovary syndrome: A systematic review and meta-analysis. Archives of
Women’s Mental Health. https://doi.org/10.1007/s00737-020-01043-x
Yoon, K. L., & Joormann, J. (2012). Stress reactivity in social anxiety disorder with and
without comorbid depression. Journal of Abnormal Psychology, 121(1), 250–255.
https://doi.org/10.1037/a0025079
Zanoveli, J. M., Morais, H. de, Dias, I. C. da S., Schreiber, A. K., Souza, C. P. de, & Cunha,
J. M. da. (2016). Depression associated with diabetes: From pathophysiology to
treatment. Current Diabetes Reviews, 12(3), 165–178. https://doi.org/
10.2174/1573399811666150515125349

140

Zawadzki, JK Dunaif, A. (1992). Diagnostic criteria for polycystic ovary syndrome:
Towards a rationale approach. Polycystic Ovary Syndrome, 1992, 377–378.
Zethraeus, N., Dreber, A., Ranehill, E., Blomberg, L., Labrie, F., von Schoultz, B., …
Hirschberg, A. L. (2017). A first-choice combined oral contraceptive influences general
well-being in healthy women: A double-blind, randomized, placebo-controlled trial.
Fertility and Sterility, 107(5), 1238–1245. https://doi.org/10.1016/j.fertnstert.
2017.02.120

141

142

Original publications
I

Karjula, S., Morin-Papunen, L., Auvinen, J., Ruokonen, A., Puukka, K., Franks, S.,
Järvelin, M., Tapanainen, JS., Jokelainen, J., Miettunen, J., & Piltonen, TT. (2017).
Psychological Distress Is More Prevalent in Fertile Age and Premenopausal Women
with PCOS Symptoms: 15-Year Follow-Up. The Journal of Clinical Endocrinology &
Metabolism,102(6):1861-1869. doi: 10.1210/jc.2016-3863.
II Karjula, S., Arffman, R., Morin-Papunen, L., Franks, S., Järvelin, M., Tapanainen, JS.,
Miettunen, J., & Piltonen, TT. Women with PCOS are at a higher risk of psychosis and
show symptoms of psychopathology—A population-based follow-up. (Submitted
manuscript)
III Karjula, S., Morin-Papunen, L., Franks, S., Auvinen, J., Järvelin, M., Tapanainen, JS.,
Jokelainen, J., Miettunen, J., & Piltonen, TT. (2020). Population-based Data at Ages 31
and 46 Show Decreased HRQoL and Life Satisfaction in Women with PCOS Symptoms.
The Journal of Clinical Endocrinology & Metabolism, 105(6):1814-1826. doi:
10.1210/clinem/dgz256.

Reprinted with permission from Oxford University press (Studies I and III).
Original publications are not included in the electronic version of the dissertation.

143

144

ACTA UNIVERSITATIS OULUENSIS
SERIES D MEDICA

1586. Karkkola, Sini (2020) Management of ankle fractures : long-term results and
intramedullary nailing of high risk patients
1587. Kemi, Niko (2020) Novel histological prognostic factors in gastric cancer
1588. Länkimäki, Sami (2020) Prehospital airway management in Finnish emergency
medical service by non-physicians
1589. Santala, Simi (2020) Prognostic role of cyclins A, B, and E and p27 in endometrial
endometrioid adenocarcinoma
1590. Konttila, Jenni (2020) Hypoteettinen malli työssä kohdatun väkivallan ja
työhyvinvoinnin välisestä yhteydestä aikuispsykiatrisessa avohoidossa
1591. Parviainen, Roope (2020) The intrauterine and genetic factors associated with the
childhood fracture risk
1592. Juntunen, Mikael (2020) Technical and algorithmic approaches for medical photon
counting computed tomography in the example of coronary artery calcium
quantification
1593. Ilo, Arjaleena (2020) Infrared thermography in vascular disorders : screening and
follow-up
1594. Daddali, Ravindra (2020) Molecular mechanisms regulating the onset of labor :
comparative proteomics and miRNAomics of human spontaneous and elective
labors
1595. Niemi-Nikkola, Ville (2021) Spinal fractures and spinal cord injuries : incidence,
epidemiological characteristics and survival
1596. Nurkkala, Marjukka (2021) Häiriintynyt syömiskäyttäytyminen, paino ja fyysinen
aktiivisuus : nuoret miehet ja ylipainoiset työikäiset
1597. Eteläinen, Sanna (2021) Gestational diabetes : screening, diagnosis and
consequences
1598. Roininen, Nelli (2021) New prognostic markers and prognosis in various breast
cancer subtypes
1599. Hyrkäs-Palmu, Henna (2021) Cold weather-related sensitivity among asthmatics
and determinants affecting it
1600. Haukilahti, Anette (2021) Sudden cardiac death, cardiac mortality, and morbidity
in women : electrocardiographic risk markers
1601. Lukkari, Sari (2021) Association between perinatal and childhood risk factors
with mental disorders in adolescence
Book orders:
Virtual book store
http://verkkokauppa.juvenesprint.fi

D 1602

OULU 2021

UNIVERSITY OF OUL U P.O. Box 8000 FI-90014 UNIVERSITY OF OULU FINLA ND

U N I V E R S I TAT I S

O U L U E N S I S

ACTA

A C TA

D 1602

ACTA

U N I V E R S I T AT I S O U L U E N S I S

Salla Karjula

University Lecturer Santeri Palviainen

Postdoctoral researcher Jani Peräntie

University Lecturer Anne Tuomisto

Salla Karjula

University Lecturer Tuomo Glumoff

LONG-TERM CONSEQUENCES
OF POLYCYSTIC OVARY
SYNDROME ON MENTAL
HEALTH AND HEALTHRELATED QUALITY OF LIFE

University Lecturer Veli-Matti Ulvinen

Planning Director Pertti Tikkanen

Professor Jari Juga

University Lecturer Anu Soikkeli

University Lecturer Santeri Palviainen

Publications Editor Kirsti Nurkkala
ISBN 978-952-62-2848-8 (Paperback)
ISBN 978-952-62-2849-5 (PDF)
ISSN 0355-3221 (Print)
ISSN 1796-2234 (Online)

UNIVERSITY OF OULU GRADUATE SCHOOL;
UNIVERSITY OF OULU,
FACULTY OF MEDICINE;
MEDICAL RESEARCH CENTER OULU

D

MEDICA

