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POPULAR SCIENCE SUMMARY OF THE THESIS

The young successful female athlete, who after retiring discovers that it is more difficult
to conceive a child than she believed, and finds that the extra weight she has gained
after reducing physical activity is hard to get rid of, could be seen as the archetype of
Polycystic Ovary Syndrome (PCOS). PCOS is the most common hyperandrogenic
condition among women, affecting up to ten percent of women of childbearing age. The
high levels of androgens (male sex hormones) might cause infertility as well as the gain
of unwanted weight. Given that there are differences between women and men with
respect to the prevalence of many major psychiatric disorders, as well as sex differences
in personality, the overarching question in this thesis was whether women with PCOS
differ from other women in the rate of psychiatric disorders, sexual health, and
personality.

We first performed psychiatric interviews with a group of women with PCOS and
women without PCOS who were born on the same day. Self-rated questionnaires were
administered to assess personality, quality of life, and sexual health. We found that a
history of depression, anxiety disorders, and suicide attempts were more common
among women with PCOS. We also found that women with PCOS reported lower
psychological well-being than women without PCOS. Further, women with PCOS were
less satisfied with their sex life, including having difficulties getting aroused and not
wanting physical contact with their partner.

We then conducted a register-based study. The aim was threefold. First, to test whether
our finding of increased prevalence of depressive and anxiety disorder in women with
PCOS could be replicated in a national sample. Second, to investigate whether less
common psychiatric disorder might also differ between women with and without PCOS.
Third, to test if any such finding was due to common genetic factors or due to an
association with PCOS. Using a linkage of several nationwide registers in Sweden, we
estimated the prevalence of psychiatric disorders in women diagnosed with PCOS, in
the siblings of women with PCOS, and in age-matched controls. We found again that
depression and anxiety disorders were more common in women with PCOS compared
with other women. In addition, several rarer psychiatric disorders were more common
in women with PCOS: bipolar disorder, schizophrenia spectrum disorders, bulimia
nervosa, personality disorders, gender identity disorder, and autism spectrum disorder.
The increased occurrence of psychiatric disorders in women with PCOS was generally
modest with odds ratios ranging from one to two. After adjusting for comorbid
conditions, the prevalence of depression, anxiety, and schizophrenia spectrum
disorders was also higher in sisters of women with PCOS than in sisters of women
without PCOS. Among brothers of women with PCOS, only the prevalence of autism
spectrum disorder was higher than among brothers of women without PCOS. The latter
is interesting given that autism spectrum disorders are more common among men than



women, and there is evidence to suggest that increased cerebral lateralization due to
high foetal testosterone concentrations might be a contributing factor to autism.

Last, we investigated personality traits in PCOS. We used data from our clinical study
together with another similarly sized sample of women with PCOS and controls who
had been recruited by advertisement in local newspapers in Gothenburg, Sweden. We
found that in both study cohorts, anxious personality traits were on average higher,
whereas scores on the trait ‘socialization’ were lower, in women with PCOS compared
with controls.

In conclusion, women with PCOS have an increased prevalence of a wide range of
psychiatric disorders and have more anxious personality traits than women without
PCOS. The increased frequency of autism spectrum disorders in both women with PCOS
and their siblings lends support to the notion that androgens play a role in the
development of autism.



ABSTRACT

Polycystic Ovary Syndrome (PCOS) is the most common hyperandrogenic condition in
women. It is associated with several adverse health outcomes as subfertility, obesity, the
metabolic syndrome, and skin issues. PCOS can be viewed as a naturally occurring model of
the activating effect of androgens on women. There are significant differences in mental
disorders and behaviour between men and women. The effects of androgens are a potential
contributor to those differences. The overarching question in this thesis is whether women
with PCOS differ from women without PCOS in terms of quality of life, psychiatric
morbidity, personality, and sexual health.

We first conducted a clinical study of women with PCOS and age-matched controls who
were thoroughly examined using structured interviews, biochemical analyses, and
questionnaires (study I, II and IV). In study IV, we also used an independent cohort of
women with PCOS and controls matched for age and BMI. Second, we used a register
linkage of several nationwide Swedish registers (study III).

In study I, we found that depressive disorder, anxiety disorders, and eating disorders were
more common in PCOS than controls. In women with PCOS, recurrent depression and social
phobia were associated with higher Body Mass Index (BMI). In study III, we confirmed that
depressive and anxiety disorders are more common among women with PCOS, and
furthermore found increased prevalence of almost all studied diagnoses with the exception of
alcoholism and anorexia nervosa. In a sibling analysis, both brothers and sisters of PCOS
probands had more autism spectrum disorders than controls, and sisters had more anxiety,
depression, and schizophrenia spectrum disorders.

In study II, we found that a larger proportion of women with PCOS are dissatisfied with their
sex life than controls, and that arousal and lubrication are special areas of concern. Total
sexuality correlated with testosterone in women with PCOS, but not in controls. In controls
total sexuality correlated with higher psychological wellbeing, which it didn’t do in PCOS.
Total psychological wellbeing was lower in women with PCOS compared to controls.

In study IV, we found that women with PCOS scored higher on several anxious personality
traits are higher, and lower on the personality trait ‘socialization’, than controls regardless of
whether they were matched on BMI or not.

Taken together, we found that PCOS has significant effects on mental health including
increased risks of several psychiatric disorders, psychological wellbeing, personality, and also
sexual health. Some of these differences might be due to a direct or indirect effect of
androgens, while other might be due to secondary effects such as subfertility, and comorbid
conditions.
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1 BACKGROUND

A brief history of Polycystic Ovary Syndrome

In the mid-1930s, a pair of American gynaecologists, Irving Stein and Michael Leventhal,
found an association between amenorrhea and polycystic ovaries. The condition was
therefore originally known as Stein Leventhal’s syndrome. Today, the condition is called
Polycystic Ovary Syndrome and generally abbreviated PCOS. The proposed treatment of
wedge resection of the ovaries restored menstruation and fertility in the Stein
Leventhal sample. Over time, surgical treatment was replaced by medical treatment of
infertility and amenorrhea.

Hyperandrogenism was recognized in the original paper (Szydlarska, 2017). As more
advanced methods of investigation became available, several hormonal abnormalities
were found in women with PCOS, among them increased levels of luteinizing hormone
and testosterone. During the 1950s to 1970s, different biochemical methods of
diagnosing PCOS were proposed. With the advent of ultrasonography in medical
diagnostics and laparoscopic surgeries, focus returned to the surgical treatment and
morphology of polycystic ovaries for making the diagnosis (Szydlarska, 2017).

The first widely recognized formal diagnostic criteria for PCOS were put forward by the
National Institute of Health (NIH) in the early 1990s as unexplained hyperandrogenic
anovulation (Dunaif et al,, 1992). In 2004, a new set of criteria were adopted following
an expert workshop in Rotterdam (Rotterdam, 2004). These became known as the
Rotterdam criteria, where the diagnosis of PCOS requires the presence of two out of
three of the following criteria: amenorrhea / oligomenorrhea, hyperandrogenism, and
polycystic ovaries on ultrasound examination after excluding other pathologies.

An overview of PCOS

As defined with the Rotterdam criteria, about 5-15 percent of all women of fertile age
meet the diagnostic threshold of PCOS (Lizneva et al., 2016). Hyperandrogenism is one
of the core features and the main endocrinological disturbance of the syndrome
together with insulin resistance (Moghetti and Tosi, 2021; Zacur, 2001). The most
common presentation in health care is either one of irregular menses or difficulties
getting pregnant (Ovesen et al.,, 1998). The diagnosis of PCOS is usually made at young
adulthood because of reproductive concerns. In older age, the clinical picture changes
with increasing metabolic risks associated with obesity and insulin resistance that can
lead to type 2 diabetes (Teede et al., 2018). There is an interplay between high levels of
androgens and insulin resistance exacerbating each other. Androgens decrease glucose
transporter activity, inhibit insulin break down in the liver, and induce male pattern
obesity, which causes insulin resistance. Insulin resistance leads to higher circulating



levels of insulin, which in turn stimulates androgen production in the ovaries and
decreases the production of Steroid Hormone Binding Globulin (SHBG) (Wang et al.,
2019).

Aetiology of PCOS

Despite that PCOS has been recognized as a distinct disorder for nearly a century, the
specific aetiology remains elusive (Escobar-Morreale, 2018). PCOS is a common
condition despite being associated with subfertility and considerable risks for
secondary morbidity. Given that PCOS is at least partly hereditary, it stands to reason
that there might be evolutionary benefits associated with the condition. One hypothesis
is that PCOS is the result of a genotype adapted for strength and being able to utilize
scarce supplies of food and conserve energy during periods of starvation. That would
confer significant advantages during harsh conditions common in earlier history of
mankind, but entails disadvantages during times of sedentary living and unlimited
supplies of food (Azziz et al., 2011; Holte, 1998). Interestingly, significantly higher
frequencies of PCOS than expected by chance have been shown in female endurance
and power athletes (Hagmar et al.,, 2009; La Vignera et al., 2018).

There does not seem to be a simple single pathway leading to the development of PCOS.
Twin studies have estimated the hereditability of PCOS to roughly 70 percent, but the
condition is highly polygenic where a large number of genes involved in ovarian
androgen synthesis and function have been associated with PCOS (Ajmal et al., 2019;
Khan et al., 2019). There is some evidence to suggest that high levels of androgens
during pregnancy confer changes in ovarian function and increase the odds of PCOS
during adulthood. This means that women with PCOS might increase the risk of PCOS in
their offspring in a nongenetic way (Dumesic et al., 2014; Stener-Victorin and Deng,
2021). Dysfunction in ovarian androgen producing cells, inflammatory processes, an
interplay between high levels of androgens and insulin resistance mutually increasing
each other have all been proposed as causes, but also as effects, of PCOS. In summary,
the specific aetiology of PCOS has not yet been clarified (Teede et al., 2018).

PCOS and mental health

General measures of quality of life have shown that women with PCOS on average
report lower quality of life than other women (Behboodi Moghadam et al,, 2018; de
Lima Nunes et al., 2019). Further, compared with other women, women with PCOS have
higher risks for a wide range of clinical psychiatric disorders (Brutocao et al., 2018;
Cesta et al., 2016; Mansson et al., 2008). As of this date, few studies have tried to
disentangle whether this is an effect of PCOS per se, or due to secondary effects such as
obesity, hirsutism, and unwanted childlessness (Teede et al., 2018). Studies on sexual
health among women with PCOS have generally reported lower overall satisfaction with
the sex life, but there are exceptions (Yin et al., 2021). In regard to the known effect of
androgens to stimulate certain aspects of sexuality, there are some intriguing studies



that have shown a lower age of sexual debut among women with PCOS, higher number
of sexual partners (Tzalazidis and Oinonen, 2021), and that women with PCOS are more
likely to take the initiative to sex more often than other women (Mansson et al,, 2011). A
few studies have examined personality traits among women with PCOS. Generally,
anxious and depressive personality traits have been found to be more common among
women with PCOS (Cesta et al,, 2017; Ozcan Dag et al., 2015; Scaruffi et al., 2019; Urban
et al,, 2022), and two studies found increased hyperthymic and hypomanic traits (Ozcan
Dag et al,, 2015), respectively.

The androgen connection

PCOS is the most common hyperandrogenic condition among women (Goodarzi et al.,
2011). The fact that androgen have significant effects on the development of the
nervous system as well as on behaviour is well known from animal studies (Domonkos
etal, 2018; Filova et al,, 2013) . In humans, androgens affect the developing brain.
Supraphysiological doses of androgens affect human behaviour in both sexes.
(Durdiakova et al., 2011; Roselli, 2018).

There are well known sex differences in the frequencies and expression of many
psychiatric disorders. For example, major depressive disorder and anxiety disorders are
more common among women than men (Faravelli et al., 2013; Kuehner, 2017), while
autism spectrum disorders and learning disorders are more common in men (May et al.,
2019; Zablotsky et al., 2019). Aberrations in androgen function have been linked to
several psychiatric disorders, including schizophrenia, depression, and bipolar disorder
(Rubinow and Schmidt, 1996). Androgens have also been suggested to play a role in the
pathophysiology of Tourette’s disorder, autism spectrum disorders, and obsessive-
compulsive disorder (Knickmeyer and Baron-Cohen, 2006; Martino et al., 2013).
Although testosterone and other androgens have profound effects on the nervous
system, research on mammals with less complex nervous systems often yields
conflicting and confusing results. In a seemingly similar situation, the response might be
the opposite: As when male apes are confronted with a stressor and a dominant male
reacts with increased testosterone while a non-dominant male reacts with decreased
levels (Sapolsky, 1986).

Obesity and mental health in the context of PCOS

Overweight and obesity is both a contributing cause of PCOS and a common
complication (Naderpoor et al,, 2015). About half of all women with PCOS suffer from
obesity (Sam, 2007). Conversely, about a quarter of among women with severe obesity
have PCOS (Kataoka et al., 2019). Obesity is known to be associated with worse mental
wellbeing, and decreased quality of life (Kolotkin et al., 2001). Obesity is also associated
increased frequency of major depressive disorder (Rajan and Menon, 2017), bipolar
disorder (Girela-Serrano et al., 2022), and schizophrenia (Wirshing, 2004) in both men
and women. Thus, obesity have been proposed as a possible pathway that might partly



explain why women with PCOS suffers from more depression, anxiety, and lower
quality of life than other women (Panico et al., 2017; Teede et al., 2018). In a large
genomic analysis, only a weak association was found for depression and PCOS that did
not remain after adjusting for BMI. No genetic association was found for any other
psychiatric disorder and PCOS (Jiang et al., 2021).

The metabolic syndrome, psychiatric disorders, and PCOS

The metabolic syndrome is a cluster of obesity, high blood pressure, high circulating
triglycerides, low levels of high-density cholesterol, and insulin resistance (Huang,
2009). It has for long been known that there is an association between the metabolic
syndrome and major depressive disorder, but also for bipolar disorder and
schizophrenia (Penninx and Lange, 2018). PCOS shares many features of the metabolic
syndrome and consequently women with PCOS have a high frequency of metabolic
syndrome (Lim et al., 2019). Hyperandrogenism in women have distinct causal
pathways leading to, or increasing the risks for, many of the components of the
metabolic syndrome (Alj, 2015). It has been proposed that the metabolic syndrome is
partly caused or made worse by disturbances in circadian rhythm, which in turn is
linked to increased inflammatory markers including neuroinflammation, which might
be a possible way in which the metabolic syndrome impacts mental health (Zimmet et
al,, 2019). Conversely, several psychiatric disorders are interacting with stress
hormones as well as affecting behaviour in a way that might cause or increase the
components of the metabolic syndrome (Goh and Agius, 2010; Maripuu et al., 2016;
Penninx and Lange, 2018).

Does subfertility affect mental health adversely?

PCOS is the most common reason for anovulatory amenorrhea and one of the most
common causes of subfertility and for seeking fertility treatment to get pregnant
(Thurston et al., 2019). In Sweden, women with PCOS are not childless to a greater
degree than other women, but they get children later in life and often have only one
child (Persson et al,, 2019). Given the similarities in health care system and culture, this
is probably true for other western welfare states as well.

It has been recognized that failing to conceive is associated with reduced quality of life
for women (Chachamovich et al., 2010; Kitchen et al.,, 2017; Massarotti et al., 2019). A
Swedish study showed good long-term outcome in anxiety and depression for women
who had successfully received a child either through pregnancy or adoption, while
women who had not received a child had significantly more depressive symptoms
(Vikstrom et al., 2015). There have been some research showing that mental health is
worse in infertile women with PCOS compared with infertile women with other
conditions (Angin et al., 2019; Naumova et al., 2021).



2 RESEARCH AIMS

The idea of this thesis was born out of the knowledge of significant sex differences in the
epidemiology of many psychiatric illnesses. Sex hormones are a potential contributor to
those differences. PCOS is the most common hyperandrogenic syndrome among women
and could be viewed as a natural occurring model of the activating effect of androgens
on women. The overarching question in this thesis is whether women with PCOS differ
from women without PCOS in terms of quality of life, psychiatric morbidity, personality,
and sexual health.

The specific aims were

1 - to examine if the rates of common psychiatric disorders differ between women with
PCOS and other women in a clinical sample.

2 -to examine if sexual satisfaction, functioning, and psychological well-being differ
between women with PCOS and other women in a clinical sample.

3 -to compare the rates of psychiatric disorders in PCOS women with i) their non-
affected siblings of both sexes, and ii) non-affected other women in a nationwide
register study.

4 -to examine if personality factors differ between women with PCOS compared with
other women in two independent clinical samples.






3 MATERIALS AND METHODS

For study |, II, and IV, a total of 49 women with PCOS were recruited from the Carl von
Linné clinic in Uppsala, Sweden, and from the Department of obstetrics and
gynaecology, as well as the Department of medicine at Sahlgrenska University hospital,
Gothenburg, Sweden. The women had been diagnosed using the Rotterdam criteria
(Rotterdam, 2004) at their respective clinic. Age-matched control women born on the
same day were identified using the telephone registry. Known psychiatric disorders and
use of psychotropic drugs were not exclusion criteria.

For study IV, we used the case-control population above together with an independent
sample of women with PCOS and controls that had been recruited by advertisement in
the major newspaper in Gothenburg, Sweden. Here, diagnosis of PCOS was made using
Rotterdam criteria (Rotterdam, 2004) during the inclusion process by trained
gynaecologists. The women with PCOS and controls were matched on age and BML
Known psychiatric disorders and use of psychotropic drugs were exclusion criteria in
both subjects and controls.

In study III, patients and controls were identified using a linkage of several nationwide
registers. Women with PCOS were identified by International Classification of Diseases
(ICD) codes in the Swedish national patient register (NPR) during 1990-2013. A total of
26,314 patients with PCOS were identified. A small number (N=813) were excluded as
they also had a condition that might cause symptoms similar to PCOS, most notably
pituitary gland disorders, adrenal gland disorders, and Turner’s syndrome. In addition,
103 patients were excluded due to a prepubertal diagnosis of PCOS that did not re-occur
after 13 years of age. A further 953 women were excluded due to migration and
diagnosis date conflicts. Siblings to the women with PCOS were identified using the
Swedish multigeneration register (MGR). Controls were chosen by selecting 10 random
women matched by birth year and county for every woman with PCOS for most
diagnoses, but 100 for the rarer diagnoses, i.e., schizophrenia, tics, gender dysphoria,
autism, cluster A and C personality disorders, and suicide. Further data sources used to
collect information about these persons were the Migration register, the Prescribed
drug register (PDR) and the Cause of death register (CDR).

Clinical interviews and assessments

In the clinical cohort used in study |, I1, and part of study IV, patients and controls were
interviewed by physicians trained in psychiatry as well as a research nurse supervised
by a board-certified psychiatrist. Background data were collected, the MINI
International Neuropsychiatric Interview (Sheehan et al., 1998) was performed to
assess DSM-IV psychiatric disorders. The MINI interview was modified to assess
whether the patient or control had had any disorder covered by MINI during their life in
addition to potential current disorders. Sexual health was examined partly by



interviewing using a structured interview, and partly by administering the 9-question
version of the McCoy female sexual rating scale, which has been used in numerous
studies of female sexuality (Nathorst-Boos et al., 2006; Valtysdottir et al., 2003).
Psychological wellbeing was measured using the Psychological General Well Being
index (PGWB), which is a self-report inventory that is commonly used in research on
quality of life in both psychiatric and somatic health conditions (Lundgren-Nilsson et al.,
2013). Personality traits were examined using the Karolinska Scale of personality
(KSP)(Ortet-Fabregat et al., 2002), which is a self-report inventory developed on
theoretical assumptions with the purpose of connecting neurobiology and personality
traits predisposing to mental disorders. The KSP was also administrated in the second
case-control sample used in study IV.

Biochemical analyses

Testosterone concentrations and Steroid hormone binding globulin concentrations
were analysed at accredited clinical laboratories using immune-assay techniques.

Statistical analyses

The main analyses for study I, II, and IV were done using Student’s t-test for continuous
data, and Chi Square test for cross tabulations. Fisher’s exact test was used when
expected cases were fewer than five in study I and II. In study I, ordinal scales were
analysed using Wilcoxon’s ranked pair test as well as Spearman’s correlation matrices.
Linear regression analyses were used for relationships between multiple factors. A two
tailed p-value of 0.05 or less were considered statistically significant. Instead of
correcting for multiple analyses in study IV, we opted to require that a trait had to differ
from controls in both independent populations of PCOS women. Statistica 8.0 were used
as software.

In study III, conditional logistic regression was used to calculate odds ratios for risks for
psychiatric disorders in cases compared with controls. Pairs of sisters are included in
the analysis and those observations are not independent on each other, thus confidence
intervals had to be adjusted for not being independent. To this end, a robust sandwich
estimator function was used. Odds ratios (OR) were adjusted for comorbidity with other
psychiatric disorders. SAS version 9.4 was used for the calculations.

Ethical considerations

The studies followed Swedish national standards and the Helsinki declaration for
medical research on human subjects and was approved by the ethical committees of the
Gothenburg University and Karolinska Institutet, Sweden. The participants in study I, II,
and IV consented orally and in writing to participate in the studies. Some of the included
patients were clinical patients to some of the co-authors, but the researchers conducting
the clinical interviews had no patient-clinician relationship. All study participants were
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informed that whether they opted to participate or not in the study would not affect
future or current care. There is nevertheless a slight risk that such a relation might
affect the decision to participate or not. The interviews contained question about
mental health, suicidality, and sexual behaviour, which is considered sensitive
information. The study participants were informed in advance about the topics being
studied and the possibility not to answer individual questions or not continue in the
study. Drawing blood samples involve some minor discomfort but no risks. These
factors together with time spent constituted the cost side of the ethical equation. There
was some possible individual benefit in participating in the study, most notably getting
a thorough health examination and time to share their experience.

The register study involves the use of sensitive information gathered without active
consent in ordinary healthcare, without any serious risk of individual information being
made public nor known to the researchers. Using such information in a benign way to
gather new knowledge about health conditions and advance medical knowledge is
within a utilitarian frame likely to result in larger benefits than harm. Using information
gathered in healthcare to improve knowledge in medicine cannot be considered a
totalitarian misuse of state power.

11






4 RESULTS
Study I

We found that women with PCOS were more likely to had suffered from a major
depressive episode, recurrent depression, social phobia, general anxiety disorder, or
any eating disorder than age matched women without PCOS. A previous suicide attempt
was seven times more common among women with PCOS. Almost half of the women
with PCOS had used antidepressant medication compared with a fifth of the controls.
Marital status and education level were similar between the groups, and notably, the
number of children did not differ either. Employment status were comparable, but a
significantly higher percentage of women with PCOS were on sick benefits compared
with controls. In a post hoc analysis, we found that among women with PCOS, those
with recurrent depression had higher BMI and were more often experiencing
perspiration odour than those without recurrent depression. Similarly, within the PCOS
group, social phobia was associated with higher BMI, higher free androgen index (FAI),
and experiencing perspiration odour. Finally, eating disorder was associated with not
having children within the PCOS group, but no other variable.

Study 11

Compared with controls, women with PCOS did not differ significantly from controls in
regard to having a current sexual partner, being able to talk with their partner about
sex, being interested in sex, having an orgasm most of the time while having sex, sexual
orientation, number of lifetime partners, age at first intercourse, or intercourse
frequency. However, a significantly larger proportion of women with PCOS reported not
being interested in physical contact with their partner, being the one taking the
initiative to sex, not at all being satisfied with their sex life, and finding it difficult to get
aroused.

The McCoy total score did not significantly differ between women with or without
PCOS. With respect to individual items, however, women with PCOS reported
significantly more often having insufficient lubrication and not being satisfied with their
partners as friends.

Among women with PCOS, the total McCoy score significantly correlated with higher
serum testosterone concentration and was borderline significantly correlated with Free
Androgen Index (FAI) (p=0.06). Within the PCOS group, women with experience of
assisted fertility treatment had higher McCoy total scores than those who did not have
that experience. There was no association between McCoy total score and having or not
having children in the PCOS group.

Psychological wellbeing as measured by the PGWB was significantly lower among
women with PCOS compared with controls. Among women with PCOS, there were no
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significant association between to PGWB score and McCoy score. By contrast, higher
psychological wellbeing was associated with higher sexual satisfaction among controls.

Study III

Using a linkage of Swedish nationwide registers, we found that of women with a
diagnosis of PCOS, 22,4 percent had received at least one psychiatric diagnosis. Among
other women, 15,7 had received at least one psychiatric diagnosis (OR 1,56 (1.51-1.61)).
The unadjusted risks were increased for almost all psychiatric disorders surveyed with
the notable exceptions of alcoholism and anorexia nervosa. Of notice, after adjusting for
comorbidity, cluster A and C personality disorders, autism spectrum disorders and tics
were the most overrepresented conditions in women with PCOS compared with other
women, while anorexia nervosa were less common in women with PCOS compared
with other women.

We also included 11,981 non-affected sisters and 13,940 brothers of the women with
PCOS in a sibling analysis. Both brothers [OR 1.16 (1.09-1.24)] and sisters [OR 1.18
(1.12-1.25)] of women with PCOS were more likely to have any psychiatric diagnosis
compared with siblings of other women. Of note, siblings of both sexes had higher
adjusted risks for autism spectrum disorders. Sisters of women with PCOS had higher
risks for anxiety, depression, and schizophrenia spectrum disorders.

The diagnoses of included women with PCOS were made 1990-2013. During this time
period, the criteria for making a diagnosis of PCOS was broadened with the Rotterdam
criteria in 2004. Moreover, only inpatient diagnoses were registered in the NPR prior to
2001. This means that the later time-period might on average contain less severe PCOS
cases. We therefore investigated the if these changes affected the frequency of
psychiatric disorders. Generally, frequencies of psychiatric disorders were slightly
lower after the broader criteria had been introduced and after the inclusion of
outpatient diagnoses in the NPR.

Study IV

We compared personality traits in PCOS women with controls by administering the KSP
self-rated questionnaire in two independent case-control cohorts. In both cohorts,
women with PCOS scored higher than controls on the anxiety personality traits ‘somatic
anxiety’, ‘muscular tension’, and ‘psychic anxiety’, and scored lower than controls on the
‘socialization’ subscale.

In the second study cohort—where psychiatric disorders had served as an exclusion
criterion in both cases and controls, and controls had been matched by BMI—women
with PCOS scored lower than controls on ‘psychasthenia’, ‘guilt’, and ‘inhibition of
aggression’. In the first study cohort—where psychiatric disorders were allowed, and
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controls were not matched by BMI—women with PCOS scored higher than controls on
‘monotony avoidance’.
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5 DISCUSSION

The studies included in this thesis were conducted during a protracted period of time.
During this period, the questions explored in this thesis went from being novel and
unexplored to an area of significant interest. Thus, knowledge about mental health and
wellbeing in women with PCOS has grown rapidly. Study [ was the first study using
formal psychiatric diagnostic interviews in women with PCOS and aged matched
controls (Mansson et al.,, 2008), and also the first study examining other psychiatric
diagnoses than major depressive disorder. Before that there had been surveys of quality
of health, general questionnaires about well-being and depressive symptoms suggesting
that depressive symptoms were more common than chance in women with PCOS
(Elsenbruch et al,, 2003; Hollinrake et al., 2007; Rasgon et al., 2003). There had also
been reports that PCOS were more common than chance in women with either bipolar
disorder or schizophrenia (Petho et al., 1982; Rasgon et al., 2005).

Despite the modest sample size in our clinical study, we could demonstrate that major
depression, recurrent depression, social phobia, generalized anxiety disorder, and
eating disorders NOS were more common in women with PCOS than controls. The
seriousness of the mental health issues women with PCOS might experience was
evident from the seven-fold higher rate of previous suicide attempts compared with the
controls.

Following our study, systematic reviews and meta-analyses have confirmed high
prevalence of depressive and anxiety symptoms in PCOS (Cooney et al., 2017; Wang et
al,, 2021) including studies from India (Chaudhari et al., 2018; Joshi et al., 2022), Iran
(Ahmadi et al., 2020),Turkey (Annagiir et al., 2015), South Korea (Lee et al,, 2021), and
China (Lin etal,, 2021).

Study III is the hitherto largest study that estimate the frequencies of psychiatric
disorders in women with PCOS and age-matched controls (Cesta et al., 2016). We
replicated the finding that major depression, anxiety disorders, eating disorders, and
suicide attempts were more common in women with PCOS. But given the large
statistical power in a nationwide sample, we could also demonstrate an increased
frequency of less common psychiatric disorders in PCOS, e.g., bipolar disorder,
schizophrenia, autism spectrum disorder, obsessive-compulsive disorder, and
personality disorders. Psychiatric comorbidity is common with our current diagnostic
systems, and after adjusting for this the odds were no longer significant for social
phobia, obsessive compulsive disorder, ADHD, or suicide attempts.

Following the publication of study I, there has been some studies using a clinical case
control design investigating psychiatric disorders, and at least one large register study
investigating some psychiatric disorders, though not as comprehensive as study III
(Ahmadi et al., 2020; Basar Gokcen et al., 2020; Hung et al., 2014). A meta-analysis
summarized the current evidence and concluded that PCOS is associated with increased
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risks of depression, bipolar disorder, anxiety disorders, and obsessive-compulsive
disorder (Brutocao et al., 2018).

In study III, the finding of increased rates of autism spectrum disorders in both women
with PCOS and their unaffected sisters and brothers is of particular interest.
Intrauterine exposure to increased levels of androgens have been suggested to be
important in the pathogenesis of both PCOS (Dumesic et al., 2014) and autism spectrum
disorders (James, 2012). Our data fits these hypotheses well. Subsequent research has
further strengthened this notion with a large register study from UK finding a
significantly higher rate of autism in children to women with PCOS, also after adjusting
for psychiatric comorbidities (Cherskov et al., 2018). A large meta-analysis confirmed
that women with PCOS had more children with autism spectrum disorder than other
women (Katsigianni et al., 2019). Another meta-analysis confirmed the association
between PCOS in mothers and neurodevelopmental disorders in the offspring, but were
not able to find an association between the degree of androgen exposure during
gestation and outcome, thereby questioning whether intrauterine exposure of
androgens is the relevant mechanism of action (Dubey et al., 2021).

We found a higher proportion of schizophrenia not only in women with PCOS but also in
their sisters, compared with controls. Subsequent research has confirmed a higher risk
of schizophrenia in PCOS (Chen et al,, 2021). A possible mechanism of action for a
protective effect of metformin could be through decreased androgen synthesis and
decreased systematic inflammation (Carvalho et al., 2018). A protein network analysis
has concluded that there is a close association between proteins involved in both
schizophrenia and PCOS (Ramly et al., 2019).

In study I, we did not study the impact of obesity per se on psychiatric morbidity, but
we found that among women with PCOS, BMI was on average higher in those with
recurrent depression as well as in those with social phobia. Obesity has been recognized
as a possible pathway of psychiatric morbidity in PCOS, especially for depression (Jiang
etal, 2021; Kolhe et al,, 2021). Although depression is more common in obese women
with PCOS, lean women with PCOS still have more depression than other women
(Cooney and Dokras, 2017)

Weight loss in general does not have a positive effect on depression and might even
have a detrimental effect. In obese persons with depression, it does seem to have a
beneficial effect on depressive symptoms though (Patsalos et al., 2021). Why this is so is
not clear, though both normalization of endocrinological function as well as decreased
neuroimmune reactions are possible mechanisms (Ambrosio et al., 2018).

That physical activity and exercise have both protective and curative effect for anxiety
and depression has been increasingly recognized during the last decade (Carek et al.,
2011). Testosterone is an anabolic hormone. It is possible that resistance training or
other physical exercise have a greater impact in women with PCOS compared with
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other women or require less effort. There is some research on the effects of physical
exercise in PCOS that shows promising results on both depression and anxiety.
Comparisons with women without PCOS is lacking though, as well as research on
whether any particular kind of training is more suited to women with PCOS (Patten et
al,, 2021).

There are also some pharmacological treatments available for the primary symptoms of
PCOS (Bednarska and Siejka, 2017). This begs the question whether treatment with
those compounds ameliorate depression or other psychiatric disorders in women with
PCOS. In a placebo-controlled study, the combination of metformin and pioglitazone—
but not metformin alone—reduced anxiety and depression (Guo et al., 2020). Another
study reported positive effects on quality of life from treatment for hirsutism and acne
with the combination of cyproterone and ethinylestradiol (Ruan et al., 2017). Of note,
neither of those studies were targeted at treatment for clinical depression disorders or
anxiety disorders.

Sexuality in PCOS

In study III, we examined sexuality in PCOS. Highlighting normalcy, it could be stressed
that on average using our main method of measurement the McCoy short scale, there
were no significant difference between women with and without PCOS. Nor did we find
differences in the number of partners, self-identified sexual orientation, age at sexual
debut, or frequency of intercourse. This is somewhat surprising given that testosterone
is known to increase sexual function and behavior in both men and women (Davis and
Wabhlin-Jacobsen, 2015; Hutchinson, 1995) On specific items of the McCoy scale and on
interview questions, we did see some differences in women with and without PCOS. In
women with PCOS, sexuality was not associated with psychological wellbeing, but
positively correlated with s-testosterone, while the opposite was found in the controls.
A Polish study also found a disparate pattern in women with and without PCOS
regarding how their sexuality correlated with testosterone. In line with our study, they
found no difference on the average score. Interestingly, they also found that frequency
of masturbation correlated positively with depressive and anxious symptoms in women
with PCOS, while the opposite was true for women without PCOS (Glowinska et al.,
2020). A Canadian study found a correlation between the number and severity of PCOS
symptoms—that can be seen as a proxy for testosterone activation—and being more
positive to noncommitted sex, having a higher frequency of sexual fantasies,
masturbating more, and being more interested in sex with other women.

We did find a larger proportion of women with PCOS being dissatisfied with their sex
life, which is in line with a recent review and meta-analysis that found a small but
significant negative effect of PCOS on sexual satisfaction (Firmino Murgel et al., 2019).
For improving sexual functioning and satisfaction in women with PCOS, physical
exercise seems a promising way (Lopes et al., 2018), and one study showed that
resistance training, i.e,, lifting heavy weights had a significantly more positive effect on

19



sexual desire and function in women with PCOS compared with controls (Lara et al,
2015)

Personality in PCOS

In study IV, we found that women with PCOS scored higher on several anxious
personality traits and lower on socialization, regardless of whether they were matched
on BM], or whether psychiatric disorders served as exclusion criteria or not. Several
other studies have shown higher anxious or neurotic personality traits compared with
women without PCOS (Urban et al., 2022). Neuroticism is a major personality traits that
indicates proneness to experiencing negative emotions as worrying, feeling low, and
feeling anxious (Eysenck, 1990). It has been shown that neuroticism is a risk factor for
major depressive disorder and is, not surprisingly, higher in persons with anxiety
disorders (Clark et al., 1994). Furthermore, neuroticism is a very strong candidate for
being an intermediate link between genes and clinical depression, i.e., an
endophenotype (Goldstein and Klein, 2014). Lower scores on socialization have been
found in binge eating disorders, but to what degree those patients had comorbid PCOS
is not known (Edwards and Nagelberg, 1986).

A factor to consider is the strong correlation between PCOS and obesity (Glueck and
Goldenberg, 2018). Obesity and higher BMI has been found to be associated with higher
scores on neurotic personality traits (Faith et al., 2001; Ryden et al., 2003; Vainik et al.,
2019). Most research on personality and obesity has not controlled for PCOS. As our
study included a group matched for BMI just obesity cant explain the differences in
personality between women with PCOS and other women.

The hypothesis that prenatal androgen exposure is a cause of PCOS (Abbott et al., 2005)
might have bearing on anxiety as well. Androgen exposure during pregnancy have been
shown to alter the limbic system and increase anxiety in mice (Manti et al., 2018). In
addition, unaffected daughters to women with PCOS have a higher incidence of anxiety
disorders than daughters to women without PCOS (Risal et al., 2021). An organizational
effect of androgens is therefore a potential contributor to the neurotic personality traits
seen in women with PCOS.

Does testosterone affect mental health in women?

The rationale for this thesis was to study PCOS as a naturally occurring model for the
activating effect of testosterone on mental health in women. (In reality, however, things
are not that simple. For one, a likely cause of PCOS is an organizing effect of testosterone
at least intrauterine and possibly during adolescence as well.) A simplistic prediction of
the results that we would find is that the sex dependent pattern of psychiatric illnesses
would in women with PCOS have tilted towards a pattern more resembling a male
psychiatric panorama. But that is not what we found.
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For autism spectrum and schizophrenia spectrum disorders, our results were in line
with a more male pattern of illness and for autism supporting the theory that
hyperandrogenism during pregnancy changes the neurodevelopment of the brain to a
more lateral pattern. But anxiety and depression are more common in women than in
men in the general population. Here, we found that PCOS made this difference even
larger. It thus seems that increased testosterone levels have a generally negative effect
on mental health in women with PCOS.

Methodological considerations

In this thesis we have been using two different approaches to address a similar
question. The first approach was using a clinical sample that was thoroughly examined
by us. The other approach was using nationwide data collected over a long period of
years of all women who had received a diagnosis of PCOS in Sweden.

Both approaches are, however, based on clinical samples. When studying PCOS, it is
important to acknowledge that it is possible to meet the criteria for PCOS without
knowing it or seeking help for it. Therefore, it is likely that a clinical PCOS sample have a
more severe kind of the condition, or give rise to certain symptoms that prompts the
woman to seek health care, for example acne, obesity, or hirsutism. It is also known that
failing to conceive is a factor that disproportionately leads to a clinical diagnosis of
PCOS. A more concerning source of bias with respect to our studies is the possibility
that women with certain combinations of the comorbidities we are examining are more
prone to seeking clinical care. A known example of this is that persons suffering from
anxiety disorders generally are more prone to seeking medical care than other persons.
[t can thus not be excluded that those women with PCOS that also suffer from a
psychiatric condition are more likely to seek healthcare, and thus more likely to be
diagnosed with PCOS. If so, we would overestimate the prevalence of psychiatric
disorders in the PCOS population.

The first clinical approach has the benefit of securing the validity of the psychiatric
disorders, the possibility to select which data to collect by adding investigations for the
specific questions, and to collect a wealth of collateral data from the individual subject.
The disadvantage is that time and resources are limited and as a consequence it is hard
to include large samples. Therefore, power to detect rare conditions is often lacking and
even though there are a lot of data on possible confounders, creating models
incorporating these possible confounders decreases the power to detect significant
differences even more, making it necessary to choose such prudently.

The second register-based approach give the possibility to include massive numbers of
both subjects and controls, but studies are limited to data collected for other purposes
and with the possible risk that certain clinical diagnoses are not registered in a way that
is proportional to how common they are in the population. A likely example in this
context is obesity, which is probably registered in a far smaller proportion in health
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care than the number of patients suffering from it. Including massive numbers of
subjects gives the possibility to discover rare conditions, as well as to retain power
when adjusting for confounders. Something you do need to consider when using large
sample sizes is that there is a distinct possibility of finding significant associations that
—although statistically significant — are too small to matter in any clinical sense.

The cross-sectional case control design is appropriate when the aim is to discover
potential differences between two groups, in this case women with PCOS and women
from the general population. But a cross-sectional is not able to answer questions about
what causes those differences; it can at best hint at possible pathways. When we
planned these studies, it was still unclear whether women with PCOS suffered from
more clinical psychiatric disorders than other women, and if so, which disorders were
more or less common. Therefore, we opted for an inclusive design generally not
adjusting ad hoc for possible contributing co morbidities.
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6 CONCLUSIONS

Most importantly, we found that women with PCOS had significantly higher rates of
several psychiatric disorders during their life. With a case-control design in a clinical
sample, we first found more major depressive episodes, recurrent depression,
generalized anxiety disorder, and suicide attempts. Using a nationwide register study,
we once again found that women with PCOS had a higher frequency of depression,
anxiety disorders, and suicide attempts. Furthermore, we found that most studied
psychiatric disorders were more common in PCOS than in controls. Adjusting for
psychiatric comorbidity, the highest odds were found for cluster A and C personality
disorders, tics, and autism spectrum disorder. In the siblings analysis, we found that
sisters of women with PCOS had increased odds for anxiety, depression, and
schizophrenia, while both brothers and sisters had increased odds for autism spectrum
disorder compared with controls. The increased risk for autism in both PCOS women
and their non affected sisters and brothers is of particular interest in the context of a
possible effect of androgens.

Expanding beyond psychiatric disorders, we found no difference in total McCoy score
between women with and without PCOS, though a higher proportion of women with
PCOS reported being very dissatisfied with their sex life and not being interested in
physical contact with their partner. A curious finding was that in women with PCOS,
there was no correlation between general psychological wellbeing and sexual health,
but there was a correlation between total McCoy and serum testosterone, while the
opposite was true in controls.

Finally, we explored differences in personality traits as measured by KSP in one cohort
of women with PCOS and controls without psychiatric disorders and who were matched
for BM], and in one cohort that allowed psychiatric disorders were not matched for
weight or height. We found in both cohorts that women with PCOS women had higher
psychic anxiety, muscular tension, somatic anxiety, and scored lower on socialization,
than controls.
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7 POINTS OF PERSPECTIVE

It has by now clearly been shown that women with PCOS suffer from a higher frequency
of several psychiatric disorders including affective disorders, several anxiety disorders,
schizophrenia spectrum disorders, and autism spectrum disorder. Whether and to what
degree PCOS in and by itself is causative to the higher frequency or if a large part of the
increased psychiatric morbidity is due to comorbidity with obesity or a common genetic
or epigenetic liability is largely unknown. Studies designed to find causative mechanism
are warranted.

It has been proposed that women with PCOS should be screened for psychiatric illness,
but given the mostly modest increased odds, it is by no means certain that the benefits
of doing this outweighs the costs. Therefore, trying to find contexts in which screening
for psychiatric disorders in women is beneficial is warranted.

PCOS is a hyperandrogenic condition. It is possible that the pattern of treatment
response for some psychiatric disorders differ between women with and without PCOS.
Studies examining treatment response in women with and without PCOS are warranted.

Research on sexuality in PCOS is still scarce and our and other findings centre on two
diverging pathways. One is that several aspects of sexuality is decreased in women with
PCOS compared with controls and that the women themselves think that PCOS is to
blame for that. Finding out why this is so and trying to find treatments to improve
sexual health is needed. The other pathway is the intriguing findings that certain
aspects of sexuality might be improved or increased in women with PCOS compared
with other women in a way expected of the action of testosterone. Further investigation
of this might yield pathways to improve sexuality in women with PCOS.
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