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Abstract 

Introduction  

Polycystic ovary syndrome (PCOS) affects the reproductive, metabolic, and 

psychological health of 6 to 18% of women worldwide. The impact of lifestyle is poorly 

understood in research and practice. This dissertation aims to elucidate how dietary intake, 

physical activity, and psychological well-being relate to the array of symptoms and 

characteristics of PCOS. 

Methods 

Women diagnosed with PCOS were compared to women without PCOS with subfertility 

in four observational studies. Data collected included: dietary intake, physical activity, 

psychological well-being symptoms (depression, anxiety, stress, and quality of life), 

anthropometrics, metabolic and reproductive hormonal assays. A protocol for a randomized 

controlled trial involving a lifestyle intervention is presented. 

Results 

Women with PCOS had similar caloric intake and physical activity as women without 

PCOS, despite being more overweight (P < 0.001). In women with PCOS, those with insulin 

resistance (IR) consumed less fiber (P < 0.05), a greater glycemic load (P = 0.03) and less 

magnesium (P < 0.05) than without IR. Fiber intake was negatively correlated with IR (rho = -

0.35, P < 0.005), fasting insulin (rho = -0.37, P < 0.005), glucose tolerance (rho = -0.23, P < 

0.05), testosterone (rho = -0.35, P < 0.005), and dehydroepiandrosterone sulfate (rho = -0.27, P = 

0.02). Magnesium intake was negatively correlated with IR (rho = -0.32, P < 0.01), C-reactive 

protein (rho = -0.47, P < 0.001), and testosterone (rho = -0.30, P < 0.01), but positively 

correlated with HDL cholesterol (rho = 0.29, P = 0.01). Symptoms of anxiety were significantly 
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higher in women with PCOS, particularly those with hyperandrogenism (P < 0.01). In women 

with PCOS and increased depressive symptoms, vitamin D intake was significantly decreased (P 

< 0.02). 

Conclusions 

While caloric intake of women with PCOS could not explain obesity, increasing fiber and 

magnesium intakes may reduce IR, hyperandrogenemia, and dyslipidemia. Women with PCOS, 

particularly hyperandrogenic phenotypes, experience increased symptoms of anxiety potentially 

related to hirsutism, which challenges societal expectations of women’s appearance. A lifestyle 

focused on a high fiber, low glycemic diet, supplementation, physical activity, and managing 

emotional distress may improve some symptoms of PCOS.   
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Lay Summary 

Polycystic ovary syndrome (PCOS) is a multisystem disorder that impacts the 

reproductive, metabolic, psychological, and social facets of women’s lives. While management 

has typically focused on targeting physical symptoms, a relative lack of attention on lifestyle 

factors may likely be thwarting the overall well-being of women with PCOS. This dissertation 

assesses dietary intake and identifies nutritional insufficiencies, including decreased fiber and 

magnesium intakes, which may be exacerbating levels of insulin, androgens, and lipids in 

women with PCOS. Secondly, this thesis identifies that symptoms of depression, anxiety, and 

stress are increased in women with PCOS. Some physical and social explanations for increased 

anxiety in women with hyperandrogenic PCOS are presented. Thirdly, relationships between 

nutrient intake and psychological well-being are assessed. Lastly, a lifestyle-based intervention is 

proposed for improving ovulation and quality of life by incorporating a low glycemic diet, 

physical activity, stress management, and myo-inositol. 
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Chapter 1: Literature Review 

1.1 Introduction 

Polycystic ovary syndrome (PCOS) is a heterogeneous, multisystem disorder that affects 

between 6 to 18% of women of reproductive age, resulting in the most common female 

endocrine disorder (1, 2). Currently, the clinically accepted inclusion criteria for the diagnosis of 

PCOS are the presence of at least two of the following three features (after the exclusion of other 

aetiologies): oligo-ovulation or anovulation, hyperandrogenism, and/or polycystic ovaries upon 

ultrasound assessment (3). Co-morbid conditions often associated with PCOS include obesity, 

dyslipidemia, insulin resistance (IR), decreased mental health, and long-term health risks, such as 

type 2 diabetes (T2D), cardiovascular disease (CVD) as well as an increased risk of endometrial 

cancer (4-6). 

Despite that PCOS is the most common endocrine disorder, it remains poorly defined 

which has generated much confusion and uncertainty among scientists, clinicians, and patients 

(7). PCOS has been said to be “one of the biggest challenges in medicine” due to its intricacy, 

ability to progress, and lifelong implications for women, yet up to 70% of affected women 

remain undiagnosed (8-10). Several experts agree that “the needs of women with PCOS are not 

being adequately met and evidence-based practice gaps persist” (11). Research and clinical 

management have primarily focused on the treatment of the physical symptoms of PCOS using 

pharmaceuticals with varied results. A lack of attention to lifestyle factors might be hindering the 

long-term well-being of those affected by PCOS. Further, women with PCOS are commonly 

classified and treated as a single group while it is evident that PCOS is, in fact, a spectrum 

disorder with distinct phenotypes. A four-tier tailored approach to lifestyle in the form of 
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nutrition, physical activity, stress management, and dietary supplementation, may add significant 

benefit to current management, particularly for more severe PCOS phenotypes. This dissertation 

expands the existing knowledge of lifestyle’s impact on the reproductive, metabolic, and 

psychological well-being of women with PCOS. In addition, it analyses how phenotypic 

subgroups are differentially impacted by lifestyle.  

This first chapter is a summary of the literature pertaining to the experimental studies 

presented in Chapters 2 and 3, and the randomized controlled trial discussed in Chapter 4.  

1.2 PCOS Diagnosis and Management  

1.2.1 Historical Evolution of Knowledge 

In 1935, PCOS was described by Stein and Leventhal as a “gynecological curiosity” 

which they observed in seven women (and was initially coined the Stein-Leventhal syndrome) 

(7, 12-14). These women presented with amenorrhea, hirsutism, and enlarged ovaries containing 

several small fluid-filled sacs and thickened tunica (15). Stein and Leventhal performed ovarian 

wedge resections on these seven women, and subsequently on an additional 75 women with 

similar symptoms, reporting a rate of 90% return of regular menstruation (16). There is evidence 

of PCOS being described even earlier when in 1721, Vallisneri, an Italian medical scientist wrote 

‘‘Young married peasant women, moderately obese and infertile, with two larger than normal 

ovaries, bumpy, shiny and whitish, just like pigeon eggs.’’ (7, 17, 18). While the ovarian 

appearance was the main indicator of PCOS in these early centuries, this began to shift in the 

1970s and 1980s when elevated serum levels of luteinizing hormone (LH) and testosterone were 

required for PCOS diagnosis (19, 20). In the 1980s, an elevated LH to follicle-stimulating 

hormone (FSH) ratio was added to diagnostic criteria but was then disregarded in the 1990s (7). 

New ultrasound technology provided a non-invasive diagnostic tool to observe the size and 
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morphology of the ovaries. Swanson et al first described the ultrasound appearance of polycystic 

ovaries and shortly thereafter Adams et al presented specific diagnostic ultrasound criteria to be 

used, which has remained consistent to this day (7, 21, 22). These criteria require more than 12 

follicles of less than 10 millimeters around an enlarged stroma using either transabdominal or 

transvaginal ultrasound assessments (7).  

1.2.2 The Diagnosis Debate 

While women have seemingly been suffering from PCOS for centuries, only in 1990 was 

a set of diagnostic criteria proposed at a National Institutes of Health (NIH) conference which 

became widely accepted in research and clinical communities. These criteria became known as 

the “NIH criteria” (23, 24). These guidelines required that a patient presents with both 

hyperandrogenism (and/or hyperandrogenemia) and anovulation (oligo- or anovulation) while 

excluding other aetiologies producing similar symptoms such as androgen excess and 

anovulation. However, these criteria excluded women that may have normal serum androgen 

levels or those that ovulate regularly but have features of polycystic ovarian morphology on 

ultrasound examination. Therefore, in 2003, the European Society for Human Reproduction and 

Embryology (ESHRE) with the American Society for Reproductive Medicine (ASRM) met and 

an expert consensus formulated the “Rotterdam criteria” which required a patient to have at least 

two of the following three criteria: oligo-anovulation, hyperandrogenism and polycystic ovary 

morphology on ultrasound assessment (3). Hyperandrogenism can present biochemically 

(increased blood androgens) and/or physically (hirsutism or increased facial or body hair, acne, 

or alopecia). The Rotterdam criteria have been criticized as being too broad with the inclusion of 

more mild phenotypes of PCOS. As a result, in 2006, the Androgen Excess Society decided that 

hyperandrogenemia or hirsutism is an essential criterion for a PCOS diagnosis (in combination 



4 

 

with oligo-anovulation and/or polycystic ovary morphology). The “AE-PCOS criteria” 

eliminates milder phenotypes and places emphasis on hyperandrogenism as the main feature of 

PCOS (7). An important aspect of all three of these criteria is that non-classical congenital 

adrenal hyperplasia, androgen-secreting tumors, hyperprolactinemia, abnormal thyroid function, 

and Cushing’s syndrome must be ruled out. Currently, one set of diagnostic criteria has not been 

widely accepted for consistent use globally. Therefore, when one is evaluating current literature 

on PCOS, attention to the diagnostic criteria used is important as differing inclusion criteria can 

greatly impact the analysis and conclusions.  

1.2.3 A Spectrum Disorder 

Balen et al presented the idea of PCOS as a spectrum disorder in 1995 after observing 

1741 patients with PCO morphology (PCOM) on ultrasound (7, 25). The spectrum of findings 

ranged from mild where women may ovulate, are normo-androgenic, but have PCOM on 

ultrasound, to severe where women have oligo-anovulation, hyperandrogenism, acne, crown 

pattern baldness, and insulin resistance. The authors concluded that genetic factors are likely to 

dictate where a woman falls on this spectrum. However, positioning on the continuum may be 

more related to BMI or lifestyle factors.  

1.3 Theories of Origin 

The primary cause of PCOS is unknown, but there are many theories, which have been 

briefly summarized in Figure 1.1. As previously discussed, the lack of global agreement 

regarding PCOS diagnostic criteria remains a significant obstacle for research of this syndrome. 

Without consistent diagnostic criteria, literature is too heterogeneous to draw any definitive 

conclusions. In addition, the aetiology and complexity of the disorder bring further difficulties. 

Nonetheless, it is likely that the development of PCOS, and its various phenotypes, is best 
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understood as a complex “interaction between genetic, environmental, behavioral and 

psychological factors” (8).  

1.3.1 Genetic Origins 

While literature indicates that PCOS is commonly found among female relatives of 

women with PCOS, a hereditary pattern has yet to be elucidated (26). Although it is possible that 

autosomal dominant transmission occurs due to a single gene abnormality, it is more likely that 

several genes are involved and interact with environmental factors, resulting in multiple 

phenotypes of PCOS (26, 27). Candidate genes at up to 22 loci have been identified as being 

either up or down-regulated, but these have yet to be confirmed (28-30). These genes encode for 

a variety of biological processes such as ovary and adrenal steroidogenesis, insulin metabolism, 

energy regulation, inflammation and folliculogenesis (27, 29). Large genome-wide association 

studies, with results that have been replicated in other populations, have identified the following 

gene candidates: follicle stimulating hormone receptor, luteinizing hormone/choriogonadotropin 

receptor, insulin receptor, and DENN domain containing 1A (31). 

1.3.2 Epigenetic Origins 

One theory, based on the Barker hypothesis, proposes that PCOS predisposition begins in 

utero when the fetal hypothalamic-pituitary-ovarian axis is exposed to high levels of androgens 

(32, 33). This concept is supported by studies in rhesus monkeys and sheep, as well as clinical 

evidence of PCO in pre-pubertal girls (27, 33, 34). Since the fetus is protected by placental 

aromatase activity and plasma binding proteins, this androgen exposure is unlikely from the 

mother. Rather, this androgen excess is likely the fetal ovary’s response to maternal human 

chorionic gonadotropin (hCG) (33). This could also occur during infancy when hypothalamic-
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pituitary secretion is activated (33). While Franks et al’s hypothesis suggest that PCOS is based 

on genetic predetermination, other genetic and environmental factors tie in to result in different 

presentations, known as phenotypes, of PCOS. This developmental theory states that culprit 

genes are programmed by high androgen exposure in utero (28, 33, 34). 

Additional factors in utero that can impact health later in life may also be at play. For 

example, both small and large for gestational age babies are at increased risk for metabolic 

conditions later in life, such as T2D and CVD. Fetal growth restriction increases the risk of IR 

while large for gestational age increases the risk for obesity and impaired glucose tolerance. 

Considering that these metabolic complications are associated with PCOS, as well as an increase 

in total body fat and visceral fat, it is possible that disturbances of fetal growth have an additive 

effect in predisposing infants to PCOS (27). 

In adolescence when the hypothalamic-pituitary-ovarian axis is activated, symptoms of 

PCOS begin to present themselves. Metabolic changes occur, which leads to changes in body fat 

distribution. Insulin resistance is a feature of normal puberty and adolescence causing insulin 

levels to rise. Increased insulin levels can by itself or by synergizing with LH enhance ovarian 

theca cell androgen production. In turn, both increased circulation insulin and androgens have a 

decreases hepatic production of sex hormone-binding globulin (SHBG).  Reduced circulating 

SHBG increases serum free testosterone which is more biologically available to tissues. Serum 

insulin levels may be increased as well due to genetic predisposition or related to body fat 

increase during this time frame, further contributing to PCOS (27, 33).  

1.3.3 Gut Microbiome 

The gut microbiome has been shown to be altered in women with obesity and metabolic 

disease (35). When this microbial imbalance (or dysbiosis) occurs, it may result in greater 
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intestinal permeability to gut lipopolysaccharides (LPS) which can enter the bloodstream and 

cause systemic low-grade inflammation (36). In PCOS, this could potentially result in an 

increase circulating insulin levels with an accompanying increase in testosterone production by 

the ovarian theca cells (37, 38). However, few studies have been conducted identifying the gut 

microbiota of women with PCOS. One study identified that women with IR-PCOS have greater 

dysbiosis than non-IR-PCOS (38). While only 25 women participated in this study (17 with 

PCOS and 8 without PCOS) this was the first study to identify gut microbiome differences in 

relation to IR in PCOS. Other literature has identified hyperandrogenism to be negatively 

correlated with alpha diversity in the gut microbiome (39). Since more research is needed on the 

link between PCOS and the gut, conclusions have yet to be made.  

1.4 Prevalence of PCOS 

The true prevalence of PCOS is frankly unknown. Reports vary depending on the 

diagnostic criteria used and the population studied. Worldwide estimates report between 6 to 

18% of women have PCOS. In Canada, approximately 1.4 million women are affected and the 

economic burden of PCOS in the United States is an estimated $4.36 billion annually (13, 40). 

Most of these healthcare costs are due to treating T2D and menstrual irregularity. Adding to the 

complexity of establishing the prevalence of PCOS is the lack of public awareness (evidenced by 

lower prevalence rates reported in database studies than reported in community studies) resulting 

in many not seeking healthcare or going undiagnosed (41). 

1.4.1 Ethnic Disparities 

While PCOS affects women worldwide, some evidence suggests higher rates in specific 

ethnic groups (41). Unfortunately, a problem that frequently arises when conducting meta-
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analyses on PCOS populations is the varied diagnostic criteria being used. The 2003 Rotterdam 

criteria are the broadest and therefore yields the highest rates of PCOS while the 1990 NIH 

criteria are the strictest. A systematic review and a meta-analysis were recently conducted which 

included 13 studies and categorized ethnic groups as follows: African American, European 

White, Chinese and Middle Eastern (41). In this meta-analysis, prevalence using the Rotterdam 

criteria was 5.6% (CI 4.4-7.3%) for Chinese women and 16.0% (CI 13.8-18.6%) for Middle 

Eastern women. With the NIH criteria, prevalence rates resulted with 5.5% (CI 4.8-6.3%) for 

European White women, 7.4% (CI 6.3-8.7%) for African American women and 6.1% (CI 5.3-

7.1%) for Middle Eastern women. Lastly, using the 2006 AE-PCOSS criteria the estimated 

prevalence was 12.6% (CI 11.3-14.2%) for Middle Eastern women (41). These prevalence rates 

suggest that African American women have the highest prevalence of PCOS while Chinese 

women have the lowest.  

Symptom severity can also vary according to ethnicity. A cohort study including 162 

women with PCOS in New Zealand found that obesity and IR (along with other metabolic co-

morbidities which increase the likelihood of CVD) and were more prevalent in Maori and Pacific 

Islander women (42). Hirsutism was more severe in Maori and European women while previous 

literature has shown Japanese women to be less hirsute, nonobese, and with lower fasting insulin 

levels in comparison to either American or Italian women with PCOS (43). Obesity is more 

prevalent in American women with PCOS than Italian women, however, this may partly be non-

disease related given the higher obesity rates in the United States compared to Italy (44). In 

addition, American women had more severe IR and worse lipid profiles enhancing their CVD 

risk (44). Hispanic women with PCOS have three-fold higher odds of developing nonalcoholic 
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fatty liver disease (NAFLD) and have an increased prevalence of dyslipidemia and IR (45). 

Meanwhile, acne was not a major symptom for Pacific Islander women, but it was more 

prevalent in European White women when compared to African American women with PCOS 

(42, 46). 

1.4.2 Misdiagnosed and Underdiagnosed 

Dokras et al conducted an online survey to identify knowledge gaps among physicians 

managing PCOS (47). Questionnaires were emailed to 7,708 specialists consisting of 

gynecologists (ObGyns) and reproductive endocrinologists (REI-ObGyns) in the United States 

and Canada, and 630 of these physicians responded. The results indicated substantial knowledge 

deficiencies in several areas of PCOS-related care. For example, an alarming 68.3% of REI-

ObGyns and 41.2% of ObGyns were unaware that the Rotterdam criteria are the current widely 

accepted criteria for diagnosing PCOS (which has been the case since 2006). Further, 27.7% of 

REI-ObGyn consultants were unable to report the diagnostic criteria they relied on to screen for 

patients for PCOS. These statistics explain frustrations expressed by women with PCOS who 

were either misdiagnosed or who waited more than two years and several doctor visits before 

receiving a PCOS diagnosis (48). 

There is an on-going debate among physicians as to when a diagnosis of PCOS can be 

accurately made in the adolescent population (49). While early diagnosis can fast-track 

management and care, a wrong diagnosis can cause unnecessary psychological distress given the 

long-term implications of PCOS (ex. CVD, T2D, and infertility). Several of the clinical 

indicators suggesting PCOS are typical occurrences for girls in puberty, such as acne, increased 

terminal hair, and irregular cycles. In addition, a transvaginal ultrasound may not be feasible if 
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adolescents are not yet sexually active. Therefore, some suggest that clinicians wait two years 

post-menarche to establish the diagnosis of PCOS in an adolescent population (49, 50).  

1.5 Renaming of PCOS 

In 2012, the first Evidence-Based Methodology Workshop on Polycystic Ovary 

Syndrome was held in Maryland, United States hosted by NICHD and NIH Office of Disease 

Prevention. The purpose of this workshop was for independent experts to evaluate currently 

available evidence and to answer three questions: the first question was to clarify the pros and 

cons of the continued use of the Rotterdam criteria for diagnosis, the second to identify causes, 

predictors, long-term consequences related to PCOS, and finally to determine the best prevention 

and treatment strategies for this syndrome. A major consensus recommendation that resulted 

from this workshop was that PCOS receive a change of name. Its current name suggests that 

PCO morphology on ultrasound is a key factor. The danger with this assumption is that women 

with both chronic anovulation and hyperandrogenism are at risk of going undiagnosed. Further, 

this hyperandrogenic group is at greater risk for long-term health complications such as 

prediabetes, T2D, and CVD. PCOS is rarely recognized outside of obstetrics and gynecology. 

Dunaif and Fauser proposed a “two-state solution” to the naming debate (51). This classification 

would result in a new endocrine syndrome for chronic anovulation and hyperandrogenism. The 

other phenotypes with PCO morphology identified by ultrasound would continue to be called 

PCOS. The name ‘PCOS’, using the Rotterdam criteria, will continue to be used throughout this 

dissertation. 
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1.6 Phenotypic Differences 

As suggested by the heterogeneity of patients included in the PCOS diagnosis, there are 

four major clinical phenotypes of PCOS (Table 1.1). Two of these four phenotypes are known to 

have long-term health risks due to metabolic disturbances (frank and classic PCOS), while the 

implications of the remaining two phenotypes are largely unknown (ovulatory and mild) (13). 

Previous research has failed to identify whether the various phenotypes of PCOS respond 

differentially to lifestyle changes. 

1.7 Diagnosing Hyperandrogenism 

Hyperandrogenism can be assessed clinically and biochemically, however, both have 

limitations. Clinical assessment includes evaluating cosmetic signs such as hirsutism, acne, and 

androgenic alopecia. Hirsutism is defined as terminal hairs growing in a “male-like” pattern and 

is assessed by the modified Ferriman-Gallwey (mFG) tool (10, 52). The mFG assesses nine body 

areas and gives visual representations with scores ranging from zero (no terminal hairs) to four 

(terminal hair consistent with a well-developed biological male) for each of the nine sites (10). 

While acne and androgenic alopecia can also be indicative of hyperandrogenism in women with 

PCOS, these are not used as diagnostic criteria for hyperandrogenism.  

Biochemically, there are currently three main markers of interest: testosterone, 

androstenedione, and DHEA-S. In addition, 17-hydroxyprogesterone (17-OHP) is used to rule 

out an adrenal tumor or congenital adrenal hyperplasia. According to the most recent 

international guidelines for PCOS assessment, free testosterone provides the most accurate 

assessment of biochemical hyperandrogenism, followed by total testosterone, DHEA-S, and 

androstenedione (10). However, reliable direct assays for total or free testosterone do not exist. 
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Both direct radioimmunoassays and chemiluminescence immunoassays are not precise, sensitive 

or specific enough for use (10).  Clinical laboratories can provide calculated bioavailable 

testosterone, calculated free testosterone and free androgen index. These tests should be 

performed during the early follicular phase (in cycling women) and preferably in the morning 

(10). DHEA-S and androstenedione can be slightly elevated in 40 to 70% of women with PCOS. 

The majority of DHEA-S is produced in the adrenal glands while androstenedione is released by 

both the adrenal glands and the ovaries.   

1.8 Long-Term Health 

A diagnosis of PCOS can have long-term health implications. A large population-based 

cohort study took place in Western Australia and included 2566 women with PCOS and 25,660 

age-matched women without PCOS. The objective of the study was to determine the prevalence 

and reason for hospital admissions in these two groups. This study found that women with PCOS 

had significantly higher rates of obesity, T2D, hypertension, ischemic heart disease, asthma, 

stress/anxiety, depression, licit/illicit drug use, self-harm, and mortality. They were also more 

likely to be admitted to a hospital for menorrhagia, infertility, and miscarriage (53).  

1.8.1 Obesity and Metabolic Syndrome 

Obesity is reportedly the most concerning long-term health risk according to physicians, 

although interestingly, not necessarily the main concern for women seeking treatment for PCOS 

(47). Prevalence of overweight and obesity in PCOS is highly variable depending on age, 

ethnicity and geographic location but is estimated at 61% (95% CI: 54 - 68%) (54). The World 

Health Organization defines a person as obese if their body mass index (BMI) is greater than 30, 

while a BMI over 25 is classified as overweight. Obesity per se does not necessarily mean one is 
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in poor health, but obesity can increase health risks such as IR, dyslipidemia, metabolic 

syndrome, T2D, and CVD. For women with PCOS, obesity can further exacerbate 

hyperandrogenism and menstrual irregularities and a small reduction in body weight can both 

decrease androgen levels and induce regular cycling in some of these women (54, 55). Being 

overweight can also result in difficulty conceiving with reports that it may be up to three times 

less likely that a woman with obesity will conceive (56, 57). While the biological explanation for 

this association is not completely understood, some explanations include impaired ovarian 

follicular development, oocyte development, fertilization, and implantation (56, 58).   

1.8.2 Adipose Tissue 

The location of white adipose tissue may be more reflective of poor health than the total 

body fat mass (59). Central adiposity is a strong indicator of metabolic health, and therefore, 

waist-to-hip ratio (WHR) is a helpful tool for clinicians and researchers (60, 61). A WHR greater 

than 0.80 can increase the risk of metabolic disease in women. Further, visceral fat, as opposed 

to subcutaneous abdominal fat, is likely the most harmful in women (62). This layer has been 

hypothesized to release free fatty acids (FFAs) and inflammatory proteins which end up in the 

liver (60, 63). An increase in FFAs can prevent insulin from stimulating muscles to take up 

glucose while causing the liver to produce more glucose (60, 64). However, other factors may 

also be involved. For example, an increase in triglycerides in the liver must also be present for 

increased visceral adipose tissue to be linked with insulin resistance (60, 65). So, while it is 

known that visceral fat is associated with metabolic health complications, the biological pathway 

is yet to be determined.  
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1.8.3 Insulin Resistance 

While obesity can contribute to IR, adverse metabolic health also affects women with 

PCOS who are not overweight or obese. This group of women is commonly referred to as ‘lean 

PCOS’. Overall, IR affects about 65 to 70% of all women with PCOS and 20 to 25% of women 

with lean PCOS (66). IR can increase androgen levels both directly, via increased ovarian 

androgen production, and indirectly, by decreased SHBG production. Impaired glucose tolerance 

is increased in women with PCOS (OR = 3.26, 95% CI: 2.17-4.90), and varies based on ethnicity 

(Asian = 5 times more likely, American = 4 times more likely, and European = 3 times more 

likely) (67). When left unmanaged, impaired glucose tolerance can progress to T2D. A 

systematic review and meta-analysis found that the prevalence of T2D was increased in women 

with PCOS by almost three times (OR = 2.87, 95% CI: 1.44-5.72) (67). 

1.8.4 Nonalcoholic Fatty Liver Disease  

Women with PCOS are 2.54 times more likely to have NAFLD than women without 

PCOS (95% CI: 2.19–2.95). Reports indicate that between 40 to 55% of all women with PCOS 

have NAFLD and 17% of women with lean PCOS (68, 69). Unfortunately, only 41% of 

ObGyn/REI specialists are aware of this increased risk (47). Common features between NAFLD 

and PCOS are obesity, diabetes, IR and metabolic syndrome (70). Women with the 

hyperandrogenic phenotype are more likely to have NAFLD than normoandrogenic phenotypes, 

suggesting that androgen excess is an additional factor in the development of NAFLD (70).  

1.8.5 Cardiovascular Disease 

Women with PCOS may be at an increased risk for CVD. Several markers of CVD are 

present in women with PCOS such as altered lipid/glucose metabolism, hypertension, systemic 
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inflammation and vascular dysfunction (71). For example, dyslipidemia, is present in up to 70% 

of women with PCOS and it is independent of obesity, exercise, smoking, alcohol use and 

ethnicity (72). Some literature reports a four times higher likelihood of women with PCOS 

developing CVD, however, reports have been critiqued for being from a young population of 

women and therefore with a relatively low incidence of CVD (73, 74). The most recent meta-

analysis concluded that Chinese women with PCOS have a significantly increased risk of 

coronary heart disease (75). 

1.8.6 Cancer 

The risk of endometrial cancer for women with PCOS is up to three times greater than 

women without PCOS (76, 77). Chronic anovulation, obesity, and hyperinsulinemia are all 

predisposing factors for endometrial carcinoma. When anovulation or oligo-ovulation is present, 

the endometrium is exposed to high levels of estrogen combined with low levels of progesterone. 

In addition, obesity can increase endometrial cancer risk by increasing aromatase activity 

resulting in higher levels of estrogen, and from hyperinsulinemia, thus increasing insulin-like 

growth factor 1 (IGF-1) (78). Insulin dysregulation is a factor in both PCOS and endometrial 

cancer. When endometrial cancer cells are exposed to IGF-1, their growth is fast-tracked (76, 

79). There are limited data on the risk of cervical, breast and ovarian cancers in women with 

PCOS (80). However, women with PCOS, similarly to the general population, who have not 

used oral contraceptives for more than three months may be at increased risk for ovarian cancer 

(76).  
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1.8.7 Infertility 

Infertility is present in approximately 70 to 80% of women with PCOS primarily due to 

anovulation (81). Anovulation in women with PCOS has not been fully elucidated and likely 

involves dysregulation at the hypothalamic-pituitary level as well as intraovarian factors. One 

mechanism may involve anti-mullerian hormone (AMH) as PCOS is associated with an increase 

in circulating AMH levels produced by ovarian antral follicles. This directly affects 

hypothalamic GnRH neuronal activity causing increased LH output by the pituitary (82). AMH 

is secreted by small antral follicles in the ovary and has an important local effect on follicle 

growth with reduction of granulosa cell sensitivity to FSH. In PCOS, the increased number of 

small antral follicles results from increased local levels of androgens. Thus follicular growth is 

dysregulated with failure to advance to follicle selection and the emergence of a dominant 

follicle to proceed to ovulation. Other contributory factors would include IR with increased 

compensatory insulin levels and their impact on theca cell androgen production. The ASRM 

defines infertility as greater than twelve months of regular, unprotected sexual intercourse (83). 

It is often only after seeking fertility support that women are diagnosed with PCOS (84). 

Infertility can be devastating for individuals and couples. Levels of anxiety and depression in 

infertile subjects have been shown to be like those with life-threatening conditions, such as 

cancer or the human immunodeficiency virus (85). Psychologically, infertility diagnoses can 

increase feelings of losing control over one’s life (86, 87). Relationships between couples with 

infertility can become strained, as well as between friends and family of the individual or couple. 

Infertility can challenge self-assessed femininity or masculinity, and self-esteem (86). Women 

with infertility are more likely to suffer from depression, while men are likely to suffer in silence 

(87). Unfortunately, psychosocial support interventions are rarely offered by medical providers 
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(87). In addition, when women with PCOS conceive, they are at greater risk of complications 

(which will be discussed further in Section 1.9.4) (88). 

1.8.8 Psychological Well-being 

While it is becoming evident, through cross-sectional analyses, that women with PCOS 

are more likely to suffer from poor psychological health than other women, Dokras et al reported 

that a significant percentage of medical specialists are uninformed of this connection (47). While 

50 to 85% of ObGyn and REI-ObGyn physicians were aware of increases in body 

dissatisfaction, depression, and lower quality of life in women with PCOS, only 24% and 50% 

(respectively) reported knowledge of the association between PCOS and anxiety. Therefore, the 

connection between psychological health and PCOS is yet to be acknowledged by the medical 

community, which may be leaving many women with PCOS feeling unsatisfied with the level of 

emotional support and resources offered (48).  

The literature has reported increased levels of depression, anxiety, and stress, as well as a 

decreased quality of life, for women with PCOS compared to non-PCOS (5). A large cross-

sectional study found significant differences in the prevalence of depression, anxiety and 

perceived stress when 478 women with PCOS were compared to 8134 women without PCOS 

(self-reported) (89). The prevalence of depression in women with PCOS was 27% while in 

women without PCOS it was 19%. Other literature has reported the prevalence of depression as 

high as 40% in women with PCOS, in comparison to 12% of women in the general population, 

of reproductive age (90, 91). Likewise, symptoms of anxiety occurred in 50% of women with 

PCOS while only 39% of women without PCOS. Anxiety disorders were found in 12% of 

women with PCOS (90). Women with PCOS may also experience greater levels of daily stress as 
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indicated in a study by Damone et al where perceived stress scores were significantly greater for 

women with PCOS (1.06 +/- 0.61) than women without PCOS (0.88 +/- 0.53) (89). This study 

used the Perceived Stress Questionnaire which scores the level of perceived stress out of 4 (89). 

These differences in depression, anxiety, and stress, remained significant after adjusting for BMI, 

infertility and socio-demographic factors (89). In summary, 56% of women with PCOS have 

been found to have some form of mood disorder (90). It has been reported that women with 

PCOS are at a significantly increased risk for developing psychiatric morbidities, including 

depressive and anxiety disorders (92). 

1.8.8.1 Body Image and Femininity 

While the medical literature supports an increased risk of developing psychological 

health conditions for women with PCOS, the basis for this is unclear. The current research is 

limited and presents conflicting reports to explain this increased distress. Some studies have 

found that obesity in women with PCOS is a strong determinant of decreased psychological 

health while other evidence suggests body image (obesity, hirsutism, acne) does not differ 

between women with and without depression and that BMI is independent of depression in 

PCOS (90, 93-95). Additionally, higher levels of serum androgens and lipids have been reported 

as strong predictors of depressive symptoms (96). However, in terms of quality of life (QoL), a 

recent meta-analysis determined that hirsutism and menstruation are the two strongest predictors 

of QoL in PCOS (97). Given that PCOS is a heterogeneous syndrome, it’s plausible that some 

phenotypes have physical and/or biochemical characteristics that are more likely to negatively 

affect psychological health. Some potential factors that have been suggested include 

hyperandrogenism (which describes both an increase in androgen levels and a change in physical 

appearance), obesity or increases in weight, infertility, or fear of long-term health implications. 
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Unfortunately, much of the literature to date has significant gaps in methodology. For example, 

several other associations that could be affecting psychological health, such as BMI, infertility, 

or ethnicity, were not accounted for (89).  

1.8.8.2 Female Identity  

A few small qualitative studies, with sample sizes of no more than 30, have considered 

the lived experiences of women with PCOS (98-101). In 2002, Kitzinger and Willmott 

conducted one of the first studies to include women with PCOS using a feminist framework as 

opposed to a medical or psychiatric framework (102). Feminist standpoint theory in science 

seeks to incorporate the lived experience of women into their medical treatment (103). It is 

inspired by the contention that scientific study in medicine, in its aspirations to use objective 

scientific methods, has ignored or marginalized a woman’s personal, lived experience of their 

medical condition, causing the underreporting or misreporting of symptoms and conditions. 

Standpoint theorists seek to put women back into the diagnosis and treatment of their medical 

conditions. In the context of PCOS, this approach involves interviewing women and recording 

the impact this syndrome has had on their lives as wives/partners, mothers, daughters, sisters, 

and friends. Kitzinger and Wilmott interviewed thirty women with PCOS and several themes 

emerged, including deeply-rooted stigmatization of PCOS symptoms. Women reported feeling 

“freakish”, “abnormal” and not “proper” women which resulted in the authors coining PCOS as 

the “Thief of Womanhood” (102). 

Nasiri Amiri et al conducted a small study, in 2014, interviewing twenty-three Iranian 

women with PCOS with regard to their identity and gender roles (101). This study demonstrated 

that symptoms of PCOS disturb one’s perceived femininity. Women believed their beauty was 
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diminished by their obesity, hirsutism, hair loss and acne. Additionally, struggles with infertility 

and irregular cycles appeared to bring shame and insecurity in their identity as a woman (101). 

Other studies have echoed these findings showing that women felt less feminine because of a 

deepened voice, smaller breasts, greater muscle mass and reduced sexual drive/function (88, 98-

100). While ethnicity and cultural norms have been identified as a possible limitation to the 

generalizability of the study by Nasiri Amiri et al, the variety of ethnic groups included in 

research to date suggests that female identity is an important factor for women with PCOS across 

all cultures. 

1.8.8.3 Eating Disorders 

The prevalence of eating disorders (ED) in women with PCOS is estimated to be 14% 

(90). To put this in perspective, only 1.5% of Canadian women, aged 15 to 24, were found to 

have an ED in 2002 (104).  Binge ED is likely the most common ED in women with PCOS 

affecting 23.3% of this group (90). In the general population, binge eating affects approximately 

2% of Canadians (105). Binge eating is associated with dieting to control weight while dieting 

for weight loss is a common treatment recommended for women with PCOS (106).   

Anorexia nervosa is present in 0.5 to 4.0% of women in Canada and subclinical anorexia 

is present in 1.1% of women with PCOS (105, 107). The seriousness of this psychiatric illness 

cannot be overlooked as 10% of patients with anorexia will die within ten years of the disorder’s 

onset (108).  

Bulimia nervosa is defined as episodes of binge eating with behaviors including 

starvation, self-induced vomiting, laxative/diuretic abuse and over exercising in order to 

maintain weight (109, 110). In the general population of women in Canada, bulimia prevalence 
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is approximately 1.0 to 4.0% (105), while in women with PCOS clinical bulimia prevalence has 

been reported as 6% and subclinical bulimia at 11% (107, 109). The average lifetime duration of 

bulimia is an average of 8.3 years (111).  

While the literature points towards a higher prevalence of ED in women with PCOS, 

there are limitations of the research to date. Specifically, diagnostic criteria for PCOS is 

inconsistent, sample sizes are small, and there may be bias in participant selection (women with 

ED may be less inclined to participate in research where they require discussing their 

experience).  

The association between PCOS and ED has several possible explanations. ED develop 

from the following three triggers: genetic predisposition, poor body image and a change in 

dietary habits (112). As previously discussed, socially accepted views of femininity are 

challenged by the various symptoms of PCOS (irregular menstrual cycles, infertility, hirsutism, 

acne, and obesity). Therefore, a coping mechanism for this emotional distress and struggle with 

body image could be the disordered food intake (109). Lastly, with weight loss being the most 

frequent advice health care providers give their patients to improve their symptoms, this often 

results in changes in dietary habits and perhaps, extreme weight loss methods. Therefore, the 

requirements for the onset of an ED are met.  

Twin studies have determined that the more diets individuals use, the more likely they are 

to suffer from disordered eating. Dieting to control weight, even under medical supervision, has 

been shown to promote weight gain over a three-year interval (106). Huijgen et al found that 

self-initiated diets were associated with PCOS, particularly the hyperandrogenic phenotype 

(113). In this explorative nested case-control study, 218 patients with PCOS and 799 subfertile 
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controls completed self-administered questionnaires. Participants declared whether they 

participated in a diet such as energy-restricted, vegetarian, vegan, macrobiotic or other. They 

were also evaluated according to the Preconception Dietary Risk score which evaluates a 

patient’s nutritional adequacy in each of six food groups. Women with PCOS were more likely 

to use a self-initiated diet than the control group. Furthermore, women with the hyperandrogenic 

phenotype were the most likely to use a self-initiated diet, while also having significantly higher 

BMI and WHR. Hormonal and metabolic parameters also differed among dieters and non-

dieters. Both AMH and the free androgen index (FAI) were positively associated with nutritional 

inadequacy scores (113).  

1.9 Treatment and Management 

Comprehensive management of women with PCOS has often been neglected in research, 

and therefore, has resulted in low to moderate quality evidence to date (11).  The first 

international evidence-based guidelines for PCOS management were published in 2018 with 

funding by the Australian National Health and Medical Research Council of Australia, ESHRE 

and the ASRM (10, 11). These guidelines highlighted the importance of interdisciplinary care for 

women with PCOS. The following recommendations are based on these guidelines:  

1.9.1 Lifestyle 

A healthy lifestyle, including a focus on diet and exercise, is the first recommendation for 

women with PCOS to achieve and/or maintain a healthy weight and to improve hormonal health 

and quality of life (10). The focus for lifestyle intervention is typically weight reduction and 

blood sugar regulation. In women with PCOS who are overweight, a decrease in weight of 5 to 

10% can improve clinical outcomes (10). Lifestyle changes are further discussed in Section 1.10. 
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1.9.2 Oral Contraceptive Pills 

When treating women with PCOS, pharmaceuticals are often prescribed based on 

symptoms women present with, such as hirsutism, acne, hair loss or irregular menstrual cycles. 

Combined oral contraceptive pills (COCPs), along with lifestyle changes, are recommended as 

first-line management in adult women (and considered in adolescents) to suppress 

hyperandrogenism and regulate menstrual bleeding (10, 114). COCPs contain estrogen which 

increases the liver production of SHBG and progestogen which suppresses LH secretion. 

Increased circulating LH and the LH:FSH ratio is commonly present in women with PCOS. Not 

unlike other pharmaceutical interventions, side-effects have been reported from COCPs, some of 

which are so disruptive to women’s lives that the benefits do not outweigh the risks (115). 

Unfortunately, some comorbidities associated with PCOS can also be associated with COCPs. 

For example, obesity, T2D, hypertension, dyslipidemia, and age are all factors that need to be 

considered when prescribing COCPs (114). “Long-term use of the OCP remains controversial 

due to potential adverse metabolic and cardiovascular effects (116-118)” (115). 

One concern with oral contraceptives, which has been highly debated, is their potentially 

adverse effects on insulin sensitivity, and therefore, the potential to develop glucose metabolism 

disorders over extended periods of time (119, 120). In 2012, Piltonen et al conducted a study 

including 42 healthy women of normal weight who used either oral contraceptives, transdermal 

patches or vaginal rings. The results demonstrated significant increases, across all groups, in oral 

glucose tolerance tests and fasting serum insulin levels over an interval of nine weeks (while 

fasting glucose was unchanged) (121). The authors also found an increase in the inflammatory 

marker C-reactive protein (CRP) (121). While this study was limited by its sample size, a larger 

cross-sectional study including 1290 healthy women concluded that oral contraceptives increased 
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markers of insulin resistance such as 2-hour glucose, fasting insulin and triglyceride levels (122). 

In PCOS, specifically, similar trends have been noted. Mastorakos et al followed 36 adolescents 

with PCOS for a year: half were prescribed ethinyl estradiol combined with desogestrel and the 

other half were prescribed ethinyl estradiol combined with cyproterone acetate. In both groups, 

the homeostasis model of assessment for insulin resistance (HOMA-IR) was significantly 

increased after one year, and in the cyproterone acetate group, hyperinsulinemia was also 

increased (123). On the other hand, the OCP can be protective against endometrial and ovarian 

cancers (124).  

1.9.3 Metformin 

In addition to lifestyle modification, metformin is often recommended to women with 

PCOS, with or without COCPs, for the treatment of obesity, hyperinsulinemia, 

hyperandrogenism, and high triglycerides. The use of metformin can have adverse effects 

including gastrointestinal issues and low vitamin B12 levels (10). 

1.9.4 Infertility Treatment 

Infertility is a concern for 70% of women with PCOS due to infrequent or absent 

ovulation. Similar to non-fertility related treatment, lifestyle intervention is recommended for 

women with PCOS who are obese (81). Even modest weight loss may improve ovulation rates, 

however, there are no studies assessing the effect of lifestyle intervention on the live birth rate in 

women with PCOS (81, 125). Weight loss in obese women with PCOS may also reduce the risk 

of pregnancy complications, which are statistically higher in women with PCOS (81) These 

complications include preterm birth, congenital anomalies, perinatal mortality (possibly 

dependent on obesity), gestational diabetes mellitus (independent of obesity), preeclampsia 
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(independent of obesity, multiple pregnancy rate and parity), miscarriages, and the need for 

Caesarean delivery (dependent on obesity) (81, 126, 127).   

1.9.4.1 Oral Ovulation Induction 

The recommended first-line approach to PCOS-related infertility is ovulation induction 

medication, such as clomiphene citrate or letrozole (10). Conventionally, clomiphene citrate has 

been used for anovulatory infertility (128). It is an estrogen receptor modulator which competes 

with estrogen receptors in the hypothalamus and pituitary (81). This blocks estrogen negative 

feedback and consequently pituitary FSH secretion is increased. Finally, a dominant follicle is 

recruited (81). Ovulation rates are between 75 to 80% and the conception rate is 22% per cycle in 

non-PCOS populations (81). In women with PCOS, around 15% of women will not respond to 

the maximum dosage (81). The side-effects of clomiphene citrate include flushing, headaches, 

visual disturbances, abdominal discomfort, and the risk of twin pregnancy or higher-order 

multiples is increased (81, 128). Ovarian hyperstimulation syndrome (OHSS) is estimated 

between 1 to 6% of cases (81). Recent evidence has suggested that letrozole, an aromatase 

inhibitor, is more effective at achieving ovulation and live birth than clomiphene citrate (128, 

129). While still off-label in Canada, the effectiveness and safety of letrozole, compared to CC, 

was demonstrated in this multicenter trial by Legro et al (129). However, up to 40% of women 

may still not ovulate with oral fertility treatments alone (81).  

1.9.4.2 Gonadotrophins 

When oral ovulation induction agents prove unsuccessful, the second line (and sometimes 

first line) recommendation for anovulatory infertility is the use of recombinant exogenous 

gonadotrophins (128). Recombinant follicle-stimulating hormone or human menopausal 
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gonadotropin stimulation is used with timed intercourse or intrauterine insemination (greater 

success rates) (81). Gonadotrophins provide an ovulation rate of about 70% with a clinical 

pregnancy rate of 20% per cycle, in PCOS populations (81, 130).  Ovarian stimulation using 

exogenous gonadotropins increases the possibility of multiple pregnancy (5.7%) and the risk of 

OHSS, which is greater in women with PCOS (81, 131).  

1.9.4.3 In-vitro Fertilization 

The third line approach for infertility is in-vitro fertilization (IVF). Pregnancy rates for 

women with and without PCOS are similar for IVF cycles and range from 40 to 50% per cycle 

(128). In IVF cycles, there are increased risks of multiple pregnancy if multiple embryos are 

transferred and OHSS. In particular, patients with obesity will often require a higher dosage of 

rFSH stimulation (133, 134). The miscarriage rate is also higher in women with PCOS (35.8% vs 

23.6%) (133, 134). 

1.10 Indicators Supporting a Lifestyle-Based Approach  

A review of the literature pertaining to the management of PCOS has identified that there 

is a lack of consideration for non-pharmaceutical approaches. Pharmacological treatments for 

PCOS can be disruptive or even harmful to patients’ quality of life. Emerging evidence suggests 

that nutrition, physical activity, and stress have an impact on ovulation and affect the ovarian 

response to fertility treatments (135). Dietary intake and physical activity may influence 

metabolic health and reproductive hormones (136). While lifestyle intervention is recommended 

as a first-line treatment, 45% of women with PCOS have reported that they have never been 

provided information about lifestyle management (48). In addition, 62% of women reported that 

emotional support or counseling was never discussed with healthcare providers, which is 

significant when emotional distress is common for women with this stigmatizing disorder (5). 
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Therefore, attention to both the physical and psychological health of women with PCOS is 

lacking in research and clinical practice. Women with PCOS would benefit with an improved 

quality of life, and more scientific evidence is necessary to provide physicians with the expertise 

to guide patients to optimize their physical and psychological health. Given the aspects of PCOS, 

a comprehensive lifestyle-based approach may be a beneficial option for management, with the 

least harm.  

1.10.1 Nutrition 

While medical professionals can generally agree that a nutritious diet is of importance for 

women with PCOS, the evidence is limited as to what specific dietary approaches should be 

used. A review published in Nutrition Research Reviews in 2018 identified an unhealthy, typical 

Western diet as a substantial constituent of the ‘deadly quartet’ of metabolic risk factors in PCOS 

(along with hyperinsulinemia, hyperandrogenism, and low-grade inflammation) (137). In 

addition, nutritional interventions are far from being routinely implemented in clinical practice. 

Unfortunately, the available data examining habitual dietary intake and risk factors in PCOS is 

meager and conflicting.  

1.10.1.1 Low Glycemic Diet 

While most research has not identified a relation between daily caloric intake or 

macronutrient composition with PCOS status, a few studies have found minor nutrient and/or 

food group differences compared to women without PCOS. For example, a case-control study 

conducted on 200 overweight and obese women found that the PCOS group consumed, on 

average, more high-glycemic starchy foods and sweets (138). Similarly, a cross-sectional study 

including 61 women with PCOS and 44 control subjects found that glycemic intake was 
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increased in the classic PCOS phenotype and associated with obesity and adiposity (139). These 

are not the only indicators of glycemic load playing a factor in the presentation of PCOS. As 

insulin resistance has a significant role in PCOS, and women with PCOS often experience 

compensatory hyperinsulinemia following consumption of carbohydrates, a diet based on foods 

with a low glycemic load may be beneficial (140). In a randomized controlled trial, 29 women 

with PCOS followed a low-glycemic diet for 12 months while 21 women followed a healthy diet 

with a normal glycemic load (141). The group following the low glycemic diet showed a 

significant increase in insulin sensitivity, improved menstrual regularity and a more positive 

emotion score in a QoL survey. In a second trial, 21 women with PCOS followed an isocaloric 

low glycemic diet (140). The dietary intervention lasted 12 weeks and the outcomes were 

improved insulin sensitivity and improved circulating nonesterified fatty acid levels. Although 

the results of these trials were promising, both studies had significant dropout rates (140, 141). 

Marsh et al noted that these dropouts appeared to be heavier and more insulin resistant than their 

counterparts who remained in the study. Therefore, it may be difficult for those with more severe 

symptoms of PCOS to comply with a low glycemic diet over longer periods of time (141).   

Additionally, a low glycemic diet has been shown to be safe during pregnancy and may 

help prevent large-for-gestational-age babies, thus, influencing long-term health outcomes (142). 

1.10.1.2 Low Carbohydrate Diet 

A recent systematic review identified five studies of good quality that examined the 

effect of low carbohydrate diets on reproductive outcomes in overweight and obese women with 

PCOS (143). Studies were included if they had a carbohydrate intake of less than 45% of daily 

caloric intake. Results showed improvements in insulin levels, reproductive hormones 
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(testosterone, SHBG and LH/FSH ratio), and improved ovulation rates over short periods of 

intervention (4-24 weeks). However, all the included studies of the review also featured energy 

restriction which may influence the findings (144). Moreover, it is unclear what the minimal 

carbohydrate intake should be, how long a low carbohydrate diet can be sustained, and the long-

term health implications (143). For example, a small study completed by 11 women found that a 

low carbohydrate, ketogenic diet (less than 20 grams of carbohydrates a day) improved several 

parameters of PCOS over 24 weeks, including weight, free testosterone, LH:FSH ratio and 

fasting insulin (145). However, over half of the women did not complete the study suggesting 

that restricting carbohydrate intake to this level was unsustainable (143). There are also concerns 

regarding low carbohydrate diets as they can decrease food groups that can be protective of 

general health, ie. vegetables, fruits and whole grains (146). 

1.10.1.3 High Fiber Diet 

In 2017, a large Iranian case-control study included 281 women diagnosed with PCOS 

(according to the Rotterdam criteria) and 472 age-matched controls (147). A food frequency 

questionnaire was utilized to assess dietary intake. The study found that low fiber intake was 

inversely associated with PCOS. Given the importance of fiber in diabetes therapy, this finding is 

not surprising. Fiber intake has also been negatively correlated with serum levels of 

androstenedione in premenopausal women (148). Likewise, high fiber foods, such as fruits, 

vegetables, and whole grains, have been inversely associated with circulating androstenedione 

levels (148).  

1.10.1.4 High Protein Diet 

While diets high in protein are commonly suggested for achieving weight loss and 

controlling diabetes, there is limited evidence to support their use (146). A small randomized 
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controlled trial including 26 women with PCOS and obesity compared a hypocaloric high 

protein/low carbohydrate (30% protein, 40% carbohydrate) to a hypocaloric low protein/high 

carbohydrate (15% protein, 55% carbohydrate) diet over a one-month interval. While both 

groups experienced significant weight loss (likely due to a reduction of 1,000 kcal/day compared 

to their typical dietary intake), and improvements of reproductive and metabolic perturbations, 

there were no differences in body weight or markers of glucose homeostasis between the two 

dietary intervention groups (149). Further, there is some evidence suggesting that high protein 

diets can exacerbate IR as protein stimulates insulin secretion (150, 151). In addition, high 

protein diets should be cautioned as they can promote renal damage (152). 

Protein intake has been assessed in populations with ovulatory infertility and significant 

differences were found based on the consumption of animal versus plant protein (153). In a large 

study by Chavarro et al including 18,555 women, it was found that obtaining 5% of overall 

calories from plant protein rather than animal protein resulted in a 50% less risk of ovulatory 

infertility (153). The effects of protein sources have yet to be studied in PCOS-specific 

populations. 

1.10.1.5 Omega-3 Supplementation 

Polyunsaturated fatty acid intake, such as omega-3, may have beneficial effects for 

women with PCOS. Randomized controlled trials in women with PCOS have shown that eight 

weeks of omega-3 supplementation (three grams a day) can regulate cycles, decrease 

testosterone, LH, LH:FSH ratio and increase adiponectin (154, 155). Omega-3 supplementation 

may also be effective at treating NAFLD in women with PCOS as a small randomized controlled 

trial found that four grams a day of omega-3 decreased liver fat content, triglycerides, systolic 

blood pressure, and diastolic blood pressure (156). There are currently no medications used to 



31 

 

treat NAFLD but weight loss is recommended by eating a healthy diet and exercising (157). 

Further trials are needed to determine if omega-3 supplementation could improve symptoms of 

PCOS and reduce the rate of CVD in this population. 

1.10.1.6 Vitamin D Supplementation 

Levels of serum 25-hydroxyvitamin D have been found to be significantly decreased in 

women with PCOS and obesity (158, 159). Vitamin D can be sequestered by fat cells, and 

therefore, supplementation is important to be considered for patients with obesity (160).  Further 

discussion on the biological role of vitamin D will follow in Chapter 3, Section 2. 

1.10.1.7 Mineral Supplementation 

Deficiencies of several minerals, including chromium, magnesium, and selenium, have 

been identified in PCOS populations and therefore, preliminary trials have assessed 

supplementation (146). Chromium levels have also been shown to be lower in women with T2D. 

When women with PCOS received chromium picolinate supplementation for two months, they 

experienced improvement in glucose levels and insulin sensitivity. Chromium supplementation 

can also reduce hirsutism and body mass (161, 162). Serum magnesium levels have been found 

to be reduced in some women with PCOS, and similar conditions such as T2D, but trials on 

magnesium supplementation are limited (163, 164). Another mineral that has been found to be 

deficient in some women with PCOS is selenium (165). Selenium also negatively correlated with 

testosterone levels. More research is required to determine how these minerals affect women 

with PCOS and whether supplementation may or may not be supportive.     
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1.10.2 Physical Activity 

Minimal research has been conducted addressing the benefit of physical activity for 

women with PCOS (115). Literature has established that weight loss in women with PCOS who 

are overweight or obese often improves several clinical features including irregular menstruation, 

anovulation, infertility, hirsutism and acanthosis nigricans (166). Physical activity contributes to 

weight loss and may be as effective as caloric restriction (167). However, exercise type, duration, 

and intensity need to be considered when determining an effective, sustainable weight loss 

method in this specific population of women (168, 169). Exercise interventions for weight loss in 

women with PCOS often have issues with high drop-out rates (up to 40 to 45%) and 

noncompliance (115, 170, 171). Furthermore, a lack of exercise has not been able to explain the 

higher rates of obesity in women with PCOS (172). Studies assessing habitual exercise indicate 

that the duration of exercise does not differ between women with and without PCOS, even 

though obesity rates are higher in women with PCOS (173). 

Regardless of weight loss, increasing physical activity has benefits for cardiovascular, 

metabolic and reproductive health. In the general population, regular activity improves HDL-

cholesterol and triglyceride levels, decreases visceral adiposity, improves blood pressure, 

improves insulin sensitivity, reduces total and central adiposity, and maintains bone mass (168). 

Several types of regular exercise in women with PCOS have been shown to lower risk factors of 

CVD (WHR, HDL cholesterol, triglyceride levels, blood pressure, and homocysteine levels) and 

T2D (IR) (170, 173). Menstrual and ovulation frequency can improve after exercise intervention 

and may be more beneficial than dietary restriction (115). While an objective duration of activity 

has not been established to improve reproductive health outcomes, exercise interventions that 
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have been successful have been of low to moderate intensity (168). In addition, evidence 

suggests that exercise can help relieve symptoms of primary dysmenorrhea (174). 

Physical activity has been shown to improve anxiety, depression, and mood in 

populations both with and without mood disorders (175). In particular, low to moderate intensity 

aerobic exercise that utilizes large muscle groups have the greatest psychological benefits. 

However, overtraining or high-intensity exercise can result in central fatigue, negating the 

beneficial effects of exercise on mood (176). 

There are various theories that explain the positive impact that exercise has on brain 

functioning. Moderate exercise stimulates monoamine systems (responsible for the release of 

dopamine, serotonin, and norepinephrine), which may explain mood enhancement (175, 176). 

Brain-derived neurotrophic factor, which modulates depression, is released by exercise. In 

addition, IGF-1 is increased by exercise, particularly strength training, which supports cognitive 

functioning (177). The increase of cerebral blood flow may also impact stress management by 

regulating the hypothalamic-pituitary-adrenal (HPA) axis (175).  

Given that women with PCOS are more likely to experience poor psychological health 

and lower QoL, moderate exercise could have several benefits for this population beyond weight 

loss, metabolic improvements and regulating ovulation (178). Further controlled studies with 

larger sample sizes are needed so that appropriate regression modeling can be used to study the 

relative importance that exercise has on PCOS. In addition, future studies need to assess the 

benefits of exercise not only in women with PCOS and obesity but also in women with lean 

PCOS. 
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1.10.3 Mind-Body Medicine 

Mindfulness is the practice of purposefully paying attention to one’s thoughts, emotions, 

and body. Small, nonrandomized studies in non-PCOS populations have shown that 

mindfulness-based stress reduction programs reduce blood pressure, glucose levels and 

inflammation due to changes in brain activity that positively affect the autonomic nervous 

system and HPA axis (179-181). These changes could be very beneficial for women struggling 

with physical symptoms associated with PCOS, such as obesity, anovulation, and fertility, as 

well as psychological symptoms, such as depression, anxiety, and stress. In 2015, a small 

randomized controlled trial in women with PCOS demonstrated that an eight-week mindfulness-

based intervention improved symptoms of depression, anxiety, stress, QoL, and reduced salivary 

cortisol (182). In addition, a randomized controlled trial involving 86 women who were 

overweight or obese, 31 of which had PCOS, found that 8 weeks of mindfulness-based stress 

reduction decreased perceived stress and fasting glucose (183). Further randomized controlled 

trials of larger sample sizes are necessary to elucidate the range of benefits that may be possible 

for women with PCOS. 

1.10.4 Complementary and Alternative Medicine 

Research evaluating the effectiveness of complementary and alternative medicine (CAM) 

for managing PCOS is limited. However, women’s interest in CAM is high. The results of a 

large survey completed by 657 women with PCOS demonstrated that 99% of respondents would 

rather use CAM than treatments usually recommended by clinicians (184). It has also been 

reported that 70% of women with PCOS are already using CAM in the form of vitamin, mineral 

and herbal supplements. Some reasons women reported for using CAM were “to treat PCOS,” 

“to treat infertility,” “to improve general well-being,” and “to reduce depression” (185). 
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1.10.4.1 Acupuncture 

In traditional Chinese medicine, acupuncture is a treatment method that has been used for 

over 3000 years (133). In a randomized controlled trial of women with PCOS, acupuncture was 

shown to improve menstrual frequency and to lower testosterone, AMH, and ovarian volume 

when compared to an exercise intervention (186, 187). There is also evidence that acupuncture 

can improve ovulation frequency (188). The mechanism may be its ability to suppress adrenal 

cortisol secretion and manage central B-endorphin secretion both of which impact the release of 

gonadotropin-releasing hormone (GnRH) (133). While literature shows some promise, there is 

currently weak evidence supporting the use of acupuncture to treat infertility in women with 

PCOS (133). 

1.10.4.2 Herbal Medicine 

Several herbs have been used to manage PCOS, however, there is limited high-quality 

evidence supporting their effectiveness. The three herbs with the highest quality of data are 

Cimicifuga racemose, Cinnamomum cassia and Vitex agnus-castus (189). The following herbs 

discussed have been assessed by at least one randomized controlled trial in women with PCOS 

and are cited accordingly. 

Cimicifuga racemosa (black cohosh), a phytoestrogen-producing plant, is hypothesized to 

act on the hypothalamus by reducing GnRH and, therefore, LH secretion (190). Black cohosh 

has demonstrated beneficial effects on fertility in three randomized controlled trials in women 

with PCOS (189, 191-193). In two of these trials, black cohosh was combined with CC and this 

resulted in significantly higher clinical pregnancy rates than with CC alone (CC with black 

cohosh: 34.8% and 36.7%, versus CC alone: 17.2 % and 13.6%) (191, 193). The sample sizes of 
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these trials were 194 and 119, respectively (191, 193). In the third trial, black cohosh alone 

outperformed CC with a greater pregnancy rate by 6% in a sample of 100 women with PCOS 

(although this was not statistically significant) (192). Across all three trials, similar hormonal 

changes were seen including a decrease in serum LH, and an increase in mid-luteal estradiol, 

mid-cycle estradiol, and mid-luteal progesterone levels (191-193). Endometrial thickness was 

significantly increased in women using black cohosh thus supporting implantation (191-193).   

Cinnamomum cassia (cinnamon) may be effective at improving metabolic health due to 

its ability to stimulate insulin receptor autophosphorylation and inhibit protein tyrosine 

phosphatase I (194). One randomized controlled trial including 15 women demonstrated that 

daily oral cinnamon intake reduced IR in overweight women with PCOS (195). These clinical 

results agreed with previous animal studies where cinnamon was as effective as metformin (and 

also had an additive effect) at decreasing levels of testosterone, LH and HOMA-IR in rats with 

PCOS (196). 

Vitex agnus-castus (chaste tree berry) acts on the anterior pituitary gland regulating LH 

release. Chaste tree berry has been shown to improve menstrual regularity in three randomized 

controlled trials, however, these studies had small sample sizes and baseline characteristics of 

groups were not reported (189, 197-199). In addition, chaste tree berry has been shown to lower 

serum prolactin as effectively as bromocriptine, but without nausea and vomiting associated with 

such dopamine agonists, in women with mild hyperprolactinemia (200).  

Glycyrrhiza glabra (licorice root) taken in combination with spironolactone has been 

shown to reduce side effects associated with spironolactone, such as water loss (201). Licorice 

root is hypothesized to block 17-hydroxysteroid dehydrogenase and 17-20 lyase (202). It has 
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been shown to reduce testosterone levels in two clinical trials (one of which included women 

with PCOS) and in a third study when it was combined with Paeonia lactiflora (Chinese peony) 

(202).  

Mentha spicata Labiatae (spearmint) has been shown to have anti-androgen effects in 

women with PCOS. A randomized controlled trial in 41 women with PCOS compared drinking 

two cups of spearmint tea a day to a placebo herbal tea (203). After the 30-day period, free and 

total testosterone levels were significantly decreased in the group drinking spearmint tea. 

Spearmint oil has been tested on rats with PCOS and, when compared to sesame oil, it reduced 

body weight, testosterone level, ovarian cysts, atretic follicles and increased Graafian follicles 

(204).  

In conclusion, there is currently weak evidence to recommend herbs to manage 

symptoms or treat infertility in women with PCOS (133). It is noteworthy that no adverse effects 

have been reported by clinical investigations so far (189). 

1.10.4.3 Inositol 

As per recent guidelines, inositol is considered an experimental therapy for PCOS as the 

evidence to date is limited and weak (10). Humans consume inositols in foods such as fruits and 

beans. Inositols are incorporated into cell membranes as phosphatidyl-myo-inositol which is a 

precursor of inositol triphosphate (205). Inositol triphosphate is a second messenger for 

hormones such as insulin and FSH which makes inositol potentially useful for managing IR in 

PCOS.    

Inositol has nine cis/trans-isomers. Two stereoisomers of inositol of therapeutic interest 

for women with PCOS are myo-inositol (MI) and D-chiro-inositol (DCI). MI is the most 
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abundant isomer of inositol in nature and the human body. It is involved in the regulation of 

thyroid-stimulating hormone (TSH), FSH and insulin (206). MI is converted to DCI by 

epimerase. Most body tissues have a MI:DCI ratio of 40:1 (205, 207). Some literature has 

examined the role of these two stereoisomers in improving symptoms of PCOS separately and 

synergistically.  

1.10.4.3.1 Myo-inositol  

MI is synthesized by glucose-6-phosphate in the human body (mostly in the kidneys). MI 

has been shown to induce menstruation, increase the occurrence of ovulation, improve oocyte 

quality, decrease acne and hirsutism, and assist with weight management in women with PCOS 

(206, 208). Small randomized controlled trials have compared two to four grams of MI a day to 

folic acid and have demonstrated that MI can increase rates of ovulation (70% versus 21%), 

decrease time to ovulation, increase HDL-cholesterol and result in weight loss (209-211). 

Another single-arm study indicated that four grams of MI a day can restore ovulation in 72% of 

women with PCOS (212). Beyond fertility therapy, a meta-analysis including only randomized 

controlled trials concluded that MI decreased fasting serum insulin levels and HOMA-IR in 

women with PCOS (206). While total testosterone levels also seemed to decrease, this effect was 

inconclusive due to the high heterogeneity of the study populations (206). Large doses of MI 

have been considered to help treat depression, but trials are limited, and results are inconclusive 

(213). Further research is necessary to determine if inositol has a therapeutic use in depression.  

1.10.4.3.2 D-chiro-inositol 

DCI administration has had positive effects on endocrine, reproductive and metabolic 

factors in small studies including women with PCOS however few randomized controlled trials 

have been conducted (205, 214). In one study, 22 women with obesity and PCOS took 500 
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milligrams of DCI a day for three months. After treatment, there were significant reductions in 

levels of LH, estradiol, androstenedione, testosterone, fasting insulin, and BMI (215). Another 

small study treated 47 women with DCI and found that menstrual cycles regulated (216). 

One randomized controlled trial compared oocyte quality in women with PCOS 

undergoing gonadotrophin stimulation and taking either DCI or metformin (217). Another 

randomized controlled trial compared DCI to a placebo and found significantly higher ovulation 

rates and lower testosterone levels in the DCI group (218).  

1.10.4.3.3 Myo-inositol + D-chiro-inositol 

While MI appears to be more effective for women with PCOS due to its ability to 

regulate menstruation and improve oocyte quality, the combination of MI and DCI may have the 

additional benefit (219). A large randomized controlled trial of 100 women with PCOS 

undergoing IVF treatment compared a combination of MI and DCI (1100 mg MI combined with 

27.6 mg DCI) to 500 mg DCI alone (219). This trial found that the combined therapy improved 

oocyte quality, embryo quality, and increased pregnancy rates compared to DCI alone. Further 

research is required to determine the best ratio of MI to DCI to administer to women with PCOS. 

1.11 Nutritional Methods  

1.11.1 Dietary Assessment Methods 

1.11.1.1 Food Record 

Food records are open-ended diaries that allow participants to record their dietary intake 

throughout a chosen number of days. Food records are considered the gold standard of dietary 

methods and are often used as a reference in validation studies (220). Some reasons for their high 

validity and precision are that the participants do not need to rely on memory, they can weigh or 

measure their food while recording, and they can describe portion sizes in detail (or through 



40 

 

additional photographs). When choosing the number of days, research indicates that food records 

of greater than four days can result in participant fatigue and therefore, under-reporting of intake 

(220). Special considerations should be made such as how many working versus weekend days 

participants are recording and repeating records in different seasons. Some disadvantages of food 

records are that they put a high burden on participants and therefore, may result in a high drop-

out rate. The act of recording dietary intake may also influence behavior and is often even used 

as a weight loss technique (221). In addition, they give a snapshot in time of dietary intake and 

cannot be assumed to be long-term intake. Manually recorded records are also highly laborious 

for the researcher (220, 221). They require a large amount of time and effort by the researcher in 

training the participants on how to record and measure their food, following-up with participants 

after the food record is completed to verify intake, entry of data, conversions of portion sizes and 

analyses. For these reasons, a food record is not advantageous for large population studies (220).    

1.11.1.2 Food Frequency Questionnaire 

Food frequency questionnaires are validated instruments that are provided to participants 

who are asked to account for, from a list, how often they have eaten specific foods over a set 

amount of time (ranging from the past week to year). While much information can be collected, 

it is of limited detail. This method is inexpensive and easily implementable in large population 

studies. However, drawbacks include a large amount of measurement error particularly in terms 

of portion sizes. When a three-day food record was compared to a food frequency questionnaire, 

the three-day food record had higher correlations with nine-day food records. However, relative 

validities of both methods were determined acceptable for assessing dietary intake (222). 
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1.11.1.3 24-Hour Recall 

In 24-hour recalls, the participant is usually interviewed in-person or over the phone and 

asked to list all food consumed over the past 24 hours (221). The protocol used in the United 

States is the Automated Multiple-Pass Method which goes through five steps for researchers to 

follow with the participant (223). Some benefits of this method are that the immediate recall 

requires limited memory (although still more memory than a food record requires), and the 

interview is generally a low burden to the participant. In addition, since the interview is 

retrospective, food choices are not influenced by the study. However, some disadvantages are 

that memory loss can occur, and the interview situation may be uncomfortable leading to under-

reporting. In addition, if the habitual intake is being assessed, multiple days of recalls are 

necessary.  

1.11.2 Energy Adjustment 

Since the intakes of most specific nutrients are correlated with total energy intake, 

epidemiologic studies must adjust each nutrient for total energy intake (224). Potential 

associations between the prevalence of disease and specific nutrient intakes can be overlooked if 

variations in total energy intake are not adjusted (224). A couple of methods can be used to 

adjust for overall caloric intake, including the residual method and the nutrient density model 

(224). The residual method utilizes a regression model where the independent variable is the 

total energy intake and the dependent variable is the individual nutrient intake. Thus, the adjusted 

nutrient intake is the residual for the subject in addition to the expected nutrient intake given the 

mean energy intake. The nutrient density model follows a simple equation where the reported 

specific nutrient intake is divided by reported overall caloric intake essentially providing a 

percentage of intake from that nutrient. Similarly, when macronutrients are reported, they are 
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commonly described in percentage of total caloric intake (protein, carbohydrates, and fats), and 

therefore, already adjust for total energy intake.    

1.11.3 Under-Reporting 

Under-reporting is an issue in all forms of dietary assessment due to their self-assessment 

nature (225). Further, specific groups of people have been shown to be more likely to under-

report energy intake (226). Dieting in the form of energy restriction is a source of under-

reporting. Studies have indicated that women who are overweight may under-report energy 

intake due to being on hypocaloric diets (227, 228). Under-reporting is also associated with high 

socio-professional class and having dieted at least once before (228).  

To determine under-reporters the Goldberg Cutoff method is frequently used (229). This 

method uses principles of energy physiology to determine the lowest possible energy intake of an 

individual to survive when taking into account their biological sex, age, body weight and height 

(approximating a basal metabolic rate (BMR)). Goldberg et al provided two cut-off limits. The 

first is stricter as it requires BMR to be measured rather than predicted and identifies if the 

reported dietary intake is sustainable over a long period of time. The second determines if the 

amount of food reported is plausible over the short duration of time reporting. To predict BMR 

in this dissertation, the Schofield equation was used (230). If an individual’s intake fell below 

this cut-off, it was presumed that under-reporting occurred.    
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Table 1.1 Typical sub-types of PCOS based on clinical presentation. 

 

Sub-Type Androgen Excess Ovulatory Dysfunction Polycystic Ovarian Morphology 

1 + + + 

2 + + - 

3 + - + 

4 - + + 

Note: The concept for this table was adapted from “Lujan ME, Chizen DR, Pierson RA. Diagnostic criteria for 

polycystic ovary syndrome: pitfalls and controversies. J Obstet Gynaecol Can. 2008;30:671-679.”. 
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Figure 1.1 Proposed factors in the aetiology of PCOS. 

 

 

Note: Filippou, P & Homburg, R. Is foetal hyperexposure to androgens a cause of PCOS? Human Reproduction 
Update, 2017, Vol 23, No. 4, p. 423, by permission of Oxford University Press. 
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Chapter 2: Associations between Dietary Intake and Phenotypic Differences 

in PCOS  

2.1 Assessing caloric and macronutrient intake and its associations with obesity, insulin 

resistance and hyperandrogenism in PCOS - a cohort study 

2.1.1 Introduction 

A review by Lin and Lujan noted large discrepancies in the current research assessing 

the lifestyles of women with PCOS (136). Some studies have reported that women with PCOS 

consume a higher caloric intake compared to women without PCOS, while others showed no 

significant differences in either dietary intake or physical activity (139, 144, 172, 231, 232). 

While caloric surplus (excess calories and/or inactivity) is a common cause of obesity, previous 

studies have indicated that women with PCOS may have a slower basal metabolic rate and/or 

reduced postprandial thermogenesis (the rate at which food is broken down) (233, 234). In 

addition, inconsistent findings have been reported in studies assessing the intakes of fiber and 

glycemic load in women with PCOS, two important dietary components for managing weight, 

insulin levels, and dyslipidemia (139, 144, 235, 236). Fiber consumption has been shown to 

increase satiety, reduce glucose, and decrease both total and LDL cholesterol levels (237). 

Reducing glycemic load has been shown to assist in weight management, improve glycemic 

control in diabetics, reduce dyslipidemia and increase HDL cholesterol levels (238). One study 

provided evidence that when 29 women with PCOS followed a low glycemic diet for 12 months, 

they showed a significant increase in sensitivity to insulin, improved menstrual regularity and 

improved QoL scores in comparison to the 21 women with PCOS that consumed a healthy diet 

of normal glycemic load (141).  
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In clinical practice, women with PCOS are often frustrated that, despite lifestyle 

modification, they have difficulty controlling weight and improving IR. Further, reduced fiber 

intake and increased glycemic load have been associated with an increased prevalence of T2D 

and metabolic syndrome (239). We, therefore, hypothesized that these dietary factors may also 

be linked to IR in PCOS. 

Our main objective was to investigate overall caloric intake, physical activity, and obesity 

in women with and without PCOS. Our second objective was to assess intakes of main dietary 

components (protein, carbohydrate, fat, fiber, and glycemic load) to identify associations 

between these dietary components and obesity, IR and hyperandrogenism in women with PCOS. 

2.1.2 Methods 

Study Design, Setting and Participants 

This observational, cohort study took place from May 2014 to December 2016. Women 

between the ages 20-44 years were recruited by me (DA Cutler) at Grace Fertility and 

Reproductive Medicine (“Grace Fertility Centre”) in Vancouver, Canada (n = 137) following 

their initial consultation with a reproductive endocrinologist. There were 87 women with PCOS, 

according to the Rotterdam criteria, and 50 sub-fertile women without PCOS for comparison. Of 

the 87 women with PCOS, 49 were categorized as “Hyperandrogenic PCOS (HA)” when all 

three Rotterdam criteria were present or when hyperandrogenism and oligo-/anovulation were 

present without PCOM on ultrasound. Hyperandrogenism was defined as the presence of 

biochemical and/or clinical androgen excess. Biochemical androgen excess was identified if at 

least one of the following three androgens were elevated according to local laboratory 

references (total testosterone ≥ 1.8 nmol/L, androstenedione ≥ 7.48 nmol/L, or DHEA-S ≥ 
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10.8 umol/L). In clinical practice at Grace Fertility Centre, all patients with PCOS are routinely 

asked to self-report for the presence of hirsutism using the modified Ferriman-Gallway (mFG) 

score in addition to clinical assessment by the physician. Participants’ corresponding mFG scores 

were compiled for the study. For those of European, Aboriginal and South American descent, a 

hirsutism score of 8 or higher constituted hyperandrogenism while a score of 6 or higher for East 

Asian participants, and 10 or higher for South Asian participants sufficed (240-242). The 

remaining 38 women, with both oligo-/anovulation and PCO on ultrasound, were categorized as 

“non-hyperandrogenic PCOS (Non-HA)”.  “PCO on ultrasound” was defined by the Rotterdam 

criteria as (a) having twelve or more follicles measuring 2–9 millimeters in diameter in one or 

both ovaries, or (b) the ovarian volume exceeding 10 centimeters3. It should be noted 

that many of our participants had greater than 12 follicles, some with 25 or more follicles 

per ovary, which was proposed recently as a better criterion for PCOM (243). The infertility 

diagnoses of the control group were unexplained (41%), male factor (17%), diminished ovarian 

reserve (19%), prior history of oligo-ovulation (8%), endometriosis (2%), and mixed (13%). 

Women recently diagnosed with or still recovering from an ED were excluded, as well as women 

who had recently begun following a diet or exercise regimen with a professional. 

Dietary and Activity Assessment 

Participants completed a three-day food and activity record, which consisted of two 

weekdays and one weekend day (Appendix B) (222, 244, 245). They were instructed to provide 

detailed accounts of their daily food and drink intake. This included the amount (using 

measuring utensils, scales, or food labels), brand names, flavors, condiments, cooking methods, 

and time of eating. Participants were provided with a list of common objects to compare to their 

food portions if food could not be measured (ie. dining out). For example, participants were 



48 

 

instructed to record that they ate either ‘¾ cup brown rice, cooked’ or its equivalent which is a 

‘tennis ball size portion of brown rice, cooked’. Food records were accompanied by electronic 

photographs of meals. Once food records were returned to the researchers, food items, quantities, 

details, and commonly forgotten items were verified with each participant. Pedometers (SM-

2000 Step Pedometer by Heart Rate Monitors USA) were provided to quantify participants’ daily 

steps, in addition to their physical activity record. Participants were encouraged to maintain their 

typical dietary and activity regimens for the duration of the study. 

Dietary intake, comprising total caloric intake, protein, carbohydrates, fat, glycemic load, 

and fiber, was determined using a nutrition and fitness software program suitable for research 

and clinical purposes (ESHA Food Processor 10.12, 2013) (246). This software accesses data on 

nutritional components, including calories, protein, carbohydrates, fat, and fiber from Health 

Canada’s Canadian Nutrient File. Every food item from each participant’s food record was 

assessed by trained researchers and manually matched to its equivalent food item in Health 

Canada’s Canadian Nutrient File. To calculate the glycemic load, the glycemic index of each 

food containing carbohydrates was identified based on published literature and manually input 

into our software (244). 

Anthropometrics 

All patients have their height, weight, waist and hip circumference recorded, and BMI 

and WHR calculated as a routine part of clinical practice at Grace Fertility Centre. 

Corresponding data for participants were compiled for the study. 

Biochemical Assays  

Similarly, as a routine part of clinical practice at Grace Fertility Centre, all patients 

presented with PCOS or infertility have a baseline transvaginal ultrasound assessment by one 
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physician (APC) using the EC9-5/10 endovaginal transducer (SonixTouch, Ultrasonix) and 

hormone measurements for FSH, estradiol (E2), prolactin (PRL), and TSH (Abbott Architect 

Immunoassay) and C-reactive protein (CRP). Women with PCOS have additional hormone and 

metabolic measurements which include: LH, progesterone (P), androstenedione (A4), and 17-

OHP (Agilent 6410, LCMS methodology); testosterone (T), DHEA-S and fasting insulin (Roche 

Cobas e602 Immunoassay); blood glucose levels after a 12-hour fast (FBG) and at two hours 

after a 75 gram oral glucose tolerance test (2 hour glucose level) (Roche Cobas c701 Roche 

Diagnostics, hexokinase/G6P-DH method); total cholesterol (TC), HDL cholesterol (HDL-C), 

and triglycerides (TG) (Roche Cobas c701 Roche Diagnostics enzymatic colorimetric method, 

and with polyethylene glycol-modified enzymes and dextran sulfate for HDL-C). Corresponding 

data for participants were compiled for the study. 

The HOMA-IR was calculated using the formula: HOMA-IR = fasting blood glucose 

(mmol/L) x fasting insulin (µIU/mL)/22.5 (247). HOMA-IR is a reliable clinical tool for 

measuring insulin sensitivity with a strong correlation to the more laborious glucose clamp 

measurements (246, 248). IR was defined as a HOMA-IR greater than or equal to 3.8, as used in 

previous studies evaluating women with PCOS (249). 

Statistical Analyses 

Since nutrient intakes can be affected by total food quantity consumed, crude nutrient 

intakes for fiber and glycemic load were adjusted for total energy intake using the residual 

method (224). Protein, carbohydrates, and fats were recorded as percentages of total energy 

intake, and therefore, were already adjusted for total caloric intake. Dietary under-reporters were 

identified according to the Goldberg Cutoff method and analysis was conducted with and 

without the data of the under-reporters (250). The statistical significance found in our analysis 
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was unchanged when under-reporters were removed, so they were included in all reported results 

(230, 250). 

Baseline characteristics and outcome parameters were assessed for statistical normality 

and compared with either a 2-sample t-test or its non-parametric equivalent, Mann-Whitney U 

test for two groups; or, one-way ANOVA (with post-hoc pairwise comparison according to 

Tukey) or its non-parametric equivalent, Kruskal-Wallis test when groups were stratified by BMI 

or fiber intake. Relationships between continuous variables were determined by Pearson and 

Spearman’s Rank correlations, as appropriate. Stepwise multiple linear regression was used to 

identify independent predictors of HOMA-IR. Analyses were executed using R software. A P-

value of <0.05 was considered statistically significant.  

2.1.3 Results 

All Participants 

The ethnicity of study participants was 42% East Asian, 40% European, 15% South 

Asian, 2% Aboriginal and 1% South American. Women with PCOS had significantly higher 

BMI (P < 0.001), higher WHR (P < 0.01) and were younger (P < 0.001) than women without 

PCOS (Table 2.1). No significant differences were found between the caloric intake or physical 

activity levels in women with or without PCOS (Table 2.1). Macronutrient composition of 

dietary intake as percentages of protein, carbohydrate, and fat did not differ, nor did the crude or 

adjusted glycemic loads of the two groups. However, women with PCOS consumed significantly 

less fiber than women without PCOS (crude: P < 0.01, adjusted: P < 0.01, Table 2.1).Participants 

with PCOS 
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The characteristics of women with PCOS were summarized and compared according to 

BMI grouping (normal weight, overweight and obese) and IR (HOMA-IR < 3.8 vs. HOMA-

IR ≥ 3.8) (Table 2.2). There was a strong correlation between BMI and HOMA-IR (rho = 0.72, P 

< 0.001), but no correlation between age and BMI nor HOMA-IR in our PCOS cohort.  

When women with PCOS were compared by BMI, no differences were found in dietary intake or 

activity level (Table 2.3). However, BMI was significantly greater in women with IR-PCOS than 

non-IR-PCOS (P < 0.001). Fiber intake was also significantly less in women with IR-PCOS after 

adjusting for caloric intake (P < 0.05). When adjusted fiber intake was categorized by tertiles, 

HOMA-IR differed significantly (P = 0.01), and women with the least fiber intake had 

significantly higher HOMA-IR than women with the greatest fiber intake (P < 0.01, Figure 

2.1). Furthermore, fiber intake was negatively correlated with HOMA-IR (rho = -0.35, P < 

0.005), fasting insulin (rho = -0.37, P < 0.005), 2 hr glucose level (rho = -0.23, P < 0.05), 

triglycerides (rho = -0.27, P = 0.02), total cholesterol/HDL-C ratio (rho = -0.29, P < 0.01), and 

positively correlated with HDL-C (rho = 0.28, P = 0.01). Fiber intake was not correlated 

with fasting blood glucose (FBG), total cholesterol or LDL-C. 

Glycemic load was significantly greater for women with IR-PCOS, both before (P < 

0.01) and after (P = 0.03) adjusting for caloric intake (Table 2.3, Figure 2.2). Glycemic load, 

however, was not correlated with other metabolic or lipid parameters. 

The effects of adjusted fiber intake, adjusted glycemic load, BMI, age, and PCOS 

phenotype on HOMA-IR were further assessed by multiple linear regression analysis. Fiber 

intake and BMI were independent predictors of HOMA-IR explaining 54.0% of the variance in 

the predictive model (P < 0.0001).              
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When the dietary intakes of women with PCOS were compared by phenotype (HA versus 

Non-HA) there were no significant differences in total caloric intake, activity or macronutrient 

intake. However, fiber intake was negatively correlated with testosterone (rho = -0.35, P < 0.005, 

Figure 2.3) and DHEA-S (rho = -0.27, P = 0.02, Figure 2.4). There were no correlations between 

androstenedione and any dietary components. When fiber intakes were grouped in tertiles, 

women with lower fiber intake had significantly higher testosterone (P = 0.01, Figure 2.5) and 

DHEA-S (P = 0.02, Figure 2.6) levels than those with higher fiber intake. 

2.1.4 Discussion 

Our study indicated that, despite significant differences in BMI and WHR, overall caloric 

intake and physical activity did not differ between women with and without PCOS, as have been 

observed in previous studies conducted in North America (172, 231). These findings demonstrate 

that obese women with PCOS are not in an energy surplus state supporting previous studies that 

suggest women with PCOS could indeed have an altered metabolism contributing to their obesity 

and IR (113, 233, 234). 

This is the first study to identify low fiber intake as a significant factor in women with 

IR-PCOS. Women with IR-PCOS (by HOMA-IR score) consumed less fiber than women non-

IR-PCOS; and, fiber intake was an independent predictor of HOMA-IR. Other metabolic 

markers were also inversely associated with fiber intake as in the 2-hour glucose, fasting insulin, 

triglyceride levels, total cholesterol/HDL-C ratio, and directly associated with HDL-

C. Although others have reported that dietary composition, including fiber intake, was not 

associated with IR in their PCOS cohorts, these previous studies had smaller sample sizes 

than ours (231, 251). More importantly, fiber intake was not adjusted for total calories consumed 
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as in our study. Similarly, while it was found that neither caloric or macronutrient intake were 

associated with IR in women with PCOS, the use of 24-hour dietary recall, for only one day 

had a greater likelihood for error due to reliance on memory compared to a food record 

(251). Furthermore, by obtaining three days of data, we accounted for day-to-day variability, 

without compromising participants’ attention to detail (which may occur with more than four 

days of records) (222). Lastly, we found that fiber intake was significantly reduced in women 

with PCOS when compared to women without PCOS which agrees with findings by Wild et al, 

but in contrast to those of Moran et al (144, 236). Although Moran et al performed a large, 

longitudinal study, one major limitation was that PCOS diagnoses were self-reported, and 

therefore, the group with PCOS might have been underrepresented especially since PCOS is 

frequently undiagnosed (144, 252). 

In the general population, dietary fiber intake has been inversely associated with T2D and 

CVD, two conditions that share similar risk factors of metabolic syndrome as seen in PCOS 

(237, 253, 254).  Dietary fiber can help regulate blood glucose by slowing its absorption into the 

circulation thereby improving glucose tolerance. Soluble fiber lowers the postprandial glucose 

response, while insoluble fiber increases insulin sensitivity (237). The consumption of fiber 

has also been shown to help manage weight potentially through increased post-prandial satiety 

resulting in reduced overall caloric consumption (237). Indeed, women who consumed less 

dietary fiber had been shown to gain more weight over time (255). Even in populations with 

normal BMI, reduced fiber intake has been associated with T2D and metabolic syndrome (256). 

The daily recommended fiber intake for Canadian women is 25 grams per day, but in our 

study, women with PCOS consumed only an average of 19.6 grams per day. A small difference 
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of 5 to 10 grams of dietary soluble fiber daily has been shown to reduce LDL-cholesterol by 5% 

(257). 

Women with PCOS have been reported to consume greater glycemic loads than women 

without PCOS (231, 258). However, we found higher glycemic loads in women with IR-PCOS 

like findings reported by Graff et al (139). Intake of carbohydrates with a low glycemic index 

reduces the rate of glucose absorption. In turn, duodenal enterocyte hormone secretion of 

incretins stimulates insulin secretion to lower glucose levels. Reduction in the glucose load over 

an extended period suppresses free fatty acid levels and improves insulin sensitivity 

and glucose levels (259). In non-PCOS populations, meta-analyses of randomized controlled 

trials have shown that low glycemic diets can reduce fasting insulin levels, pro-inflammatory 

markers, total and LDL-cholesterol (260-262). Meals with increased fiber can also alter the 

glycemic response and reduce glucose absorption by either hindering glucose absorption in the 

small intestine, and/or inhibiting α-amylase action (263). Therefore, we suggest both glycemic 

load and fiber be reported in studies as they are interrelated. Examining total glycemic 

load alone without a fiber analysis would fail to account for the effect of mixed meals (246). Our 

results support implementing high fiber, low glycemic meals in the management of IR in patients 

with PCOS (140, 141).  

PCOS is a spectrum disorder resulting in phenotypic differences. Hyperandrogenism can 

increase the severity and associated risks of PCOS, and also contribute to anxiety, low self-

esteem, poor body image and loss of female identity (102, 264, 265). Our analysis comparing 

women with HA PCOS to Non-HA PCOS did not show any differences in dietary 

intake, but when fiber intake was categorized by tertiles, testosterone and DHEA-S were 
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increased in those who consumed less fiber. It is known that higher BMI, as well as IR with 

compensatory hyperinsulinemia (IR/HI), can exacerbate hyperandrogenism (54, 266). While we 

did not find an association between BMI and fiber, our findings were consistent with the well-

documented association between IR/HI and hyperandrogenism and identified a potential dietary 

target to improve IR/HI and hyperandrogenism. Katcher et al demonstrated that differences in 

acute postprandial testosterone and DHEA-S levels were dependent on meal composition (a 

high fiber, low fat meal was compared to a high fat, low fiber meal) (267). Our study further 

demonstrated that regular dietary fiber intake over a long time period correlates not only with 

IR/HI, but with testosterone and DHEA-S levels. While our study utilized a standard androgen 

profile, recent studies have shown that adrenal 11-oxygenated androgens are substantial 

contributors to the total circulating androgen pool in PCOS and correlate with IR (268). 

Nonetheless, our results indicate that increasing fiber is an important dietary target in the 

management of hyperandrogenic PCOS. 

A strength of our study was our adjustment of nutrient intakes, using the residual method, 

to control for the total amount of food consumed. In epidemiologic studies, potential associations 

between the prevalence of disease and specific nutrient intakes can be overlooked if variations in 

total energy intake are not adjusted (224). Other strengths include our analysis of dietary 

differences between PCOS phenotypes and the use of an objective method (a pedometer) to 

evaluate physical activity, both recommended in a recent literature review (136). Additionally, 

PCOS as a diagnosis was strictly defined according to the Rotterdam criteria and assessed 

through consistent methods by one reproductive endocrinologist (APC) as part of routine clinical 

practice. Some of these factors may contribute to varied findings from the nutritional studies 
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available on PCOS. Finally, our study is the first to assess dietary intake and physical activity in 

women with PCOS residing in Canada (13). 

While the women with PCOS participating in this study were younger, the difference 

of five years in the reproductive age group would be expected to have little impact on metabolic 

health or dietary intake. Under-reporting can be a limitation when assessing dietary intake 

through self-report methods, especially in groups more likely to under-report (ex. those with 

higher BMI) (225). However, removing under-reporters, according to the Goldberg Cutoff 

method, did not affect the statistical significance found (230, 250). Miscommunication of portion 

size is a common limitation in self-report food records, but this was addressed by encouraging 

the use of measuring tools, the addition of food photographs, and providing participants with a 

list of common objects to compare to their portion sizes. Finally, our findings apply to women 

with PCOS whose primary reason for seeking medical care is infertility and may not be 

generalizable to all women with PCOS. 

In conclusion, we found that women with PCOS and obesity were not in a caloric surplus 

state. However, dietary components, specifically low fiber, and high glycemic load, may 

contribute to IR/HI and obesity. In addition, low fiber intake may contribute to 

hyperandrogenemia. Future randomized controlled trials are required to determine the benefit of 

high fiber, low glycemic diets in improving glucose tolerance, and preventing metabolic 

complications in women with PCOS. 
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2.2 Evaluating micronutrient intake and its associations with obesity, insulin resistance 

and dyslipidemia in PCOS – a cohort study 

2.2.1 Introduction 

Specific micronutrients have been identified for managing PCOS, as discussed in Chapter 

1, Section 1.10.1.7. Magnesium is critical for maintaining glucose and insulin homeostasis (269). 

In a large study including 1485 women and 1223 men without T2D, intakes of magnesium were 

inversely associated with the following T2D risk factors: fasting insulin, post-glucose challenge 

plasma insulin and HOMA-IR (270). Serum magnesium levels are often decreased in patients 

with T2D (165). While magnesium status has been inversely associated with metabolic 

syndrome and BMI in the general population, its role in PCOS is unclear. When magnesium 

intake was evaluated in women with PCOS, it was found that their intake was no different than 

women without PCOS and did not correlate with fasting insulin or insulin-to-glucose ratio (231). 

However, more recent evidence concluded that micronutrient intake, such as magnesium and 

iron, was greater for women with PCOS (144). In addition, there is evidence that magnesium 

deficiency is not related to IR in PCOS (271). Therefore, it is uncertain if specific dietary 

micronutrient intakes differ between women with and without PCOS. Furthermore, it is 

ambiguous whether micronutrient intakes contribute to higher rates of obesity, IR and 

dyslipidemia in PCOS. 

Previously, in Section 2.1, data were presented from a cohort study assessing caloric and 

macronutrient intake of women with PCOS and non-PCOS. It was observed that the women with 

PCOS had overall higher BMIs and yet were not in a caloric surplus, and had no differences in 

percent intake of carbohydrates, fat, or protein. Therefore, the following observational study 
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assesses if inadequate micronutrient intake, such as magnesium, contributes to IR and 

dyslipidemia in PCOS. 

2.2.2 Methods 

The Methods used were identical as those discussed in Section 2.1.2, including the same 

population, except the outcome measurements were dietary micronutrient intake. The 

micronutrients assessed were vitamins A, C, E, folate, calcium, iron, sodium, zinc, magnesium 

and cholesterol. All micronutrient intakes were adjusted for caloric intake using the residual 

method and reported as both crude and adjusted amounts. 

2.2.3 Results 

All Participants 

The ethnicity of study participants was 42% East Asian, 40% European, 15% South 

Asian, 2% Aboriginal and 1% South American. Women with PCOS had significantly higher 

BMI (P < 0.001), higher WHR (P < 0.01) and were younger (P < 0.001) than women without 

PCOS (Table 2.1). 

Women with PCOS consumed less magnesium (adjusted: 238.9 vs. 273.9 mg, P < 0.05) 

and less vitamin A (adjusted: 6245.3 vs. 8366.1 IU, P < 0.01) than women without PCOS (Table 

2.4).  

Participants with PCOS 

Women with IR-PCOS consumed significantly less magnesium than women with non-

IR-PCOS (adjusted: 208.4 mg vs. 264.5, P = 0.04) (Table 2.5, Figure 2.7). IR was negatively 

correlated with magnesium intake (rho = -0.32, P < 0.01), and positively correlated with 

cholesterol intake (rho = 0.25, P = 0.04). 
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In women with PCOS, magnesium intake was less in women with obesity, but this was 

not statistically significant (adjusted: 210.5 vs. 247.0 mg, P = ns) (Table 2.5). 

Magnesium intake was also negatively correlated with CRP (rho = -0.47, P < 0.001, 

Figure 2.8), testosterone (rho = -0.30, P < 0.01, Figure 2.9), and positively correlated with HDL 

cholesterol (rho = 0.29, P = 0.01). All other vitamin and mineral intakes assessed were not 

related to BMI, WHR or PCOS phenotype. 

2.2.4 Discussion 

While serum magnesium deficiencies have been previously reported in women with 

PCOS, this is the first study in women with PCOS to find associations between habitual dietary 

magnesium intake and hormonal and metabolic outcomes. Not only were women with PCOS, as 

a group, consuming less magnesium, but this insufficiency may have contributed to their 

increase in IR and obesity. A similar finding was discovered in a large population study in 

Newfoundland. The authors reported decreased magnesium intake in people with IR, particularly 

for those who were obese (272). 

In addition, magnesium intake may be related to dyslipidemia given its positive 

correlation with HDL cholesterol. A rat study demonstrated that magnesium supplementation can 

improve lipid levels, however, a recent meta-analysis concluded that magnesium 

supplementation had no effect on both diabetic and non-diabetic patients (273, 274). 

Systemic low-grade inflammation is one possible factor in the progression and 

manifestation of PCOS. Our results indicated that magnesium intake and CRP, a marker of 

inflammation, were negatively correlated. This same observation has been made in the general 

population through meta-analyses and systematic review (275). In women with PCOS, a 
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randomized controlled trial was published in 2018 identifying magnesium and zinc co-

supplementation to be beneficial for decreasing inflammation (276).  

Another micronutrient that was significantly decreased in the diets of women with PCOS 

was vitamin A. Vitamin A has been implicated in animal studies as essential for fetal pancreatic 

beta cell growth and development. Its deficiency is associated with diabetes in these animals 

(277). A more recent study further implicates an important role for the vitamin A metabolite, all-

trans retinoic acid, on human pancreatic beta islet cell function and thereby insulin output via the 

GPRC5C receptor (278). 

Our results associating cholesterol intake with IR were consistent with the biological role 

of cholesterol and emphasizes the equal importance of refining dietary components in advising 

lifestyle changes in PCOS. Serum levels of magnesium have been found to be positively 

correlated with HDL-cholesterol, although not statistically significant (279). 

In conclusion, we found that dietary micronutrient intake, particularly magnesium, may 

contribute to IR, obesity, dyslipidemia, and hyperandrogenism in women with PCOS. 

Supplementation of magnesium may prove beneficial for this population in future randomized 

controlled trials.
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Table 2.1 Characteristics and daily dietary intake in women with and without PCOS. 

 

 Characteristics 

 

PCOS 

(n=87) 

Non-PCOS 

(n=50) 

Age (years) 30.7 (4.6) 35.7 (5.2)a 

BMI (kg/m2) 29.0 (7.1) 24.1 (5.1)a 

WHR 0.84 (0.08) 0.79 (0.07)b 
FSH (IU/L) 5.4 (1.7)   6.2 (2.9) 

E2 (pmol/L) 165.9 (70.5) 201.9 (176.9) 

P (μg/L) 12.1 (8.7) 10.6 (4.8)    

TSH (mIU/L) 
BMR (kcal) 

Under-reporters (%) 

2.4 (2.3)   
1439 (1353-1604) 

23.0 

2.0 (0.9)  
1362 (1301-1414) 

12.5 

 

Dietary Intake 

Energy (kcal) 

 
  

1783 (1516–1966) 

 
  

1815 (1578–2083) 

Step Count 6554 (4918-9173) 7234 (5558-8663) 

Protein (%) 16.8 (14.2-19.8) 16.4 (14.4-18.8) 
Carbohydrate (%) 46.2 (42.4-50.8) 49.0 (42.7-52.2) 

Fat (%) 36.0 (32.3-39.2) 34.0 (30.1-38.7) 

Fiber (g):  Crude 
                  Adjusted 

19.6 (15.9-23.9) 
19.6 (15.7-24.0) 

23.3 (19.4-31.8)b 
24.7 (19.7-30.7)b 

Glycemic Load:  Crude 

                           Adjusted 

84.1 (58.9-106.2) 

83.7 (66.8-105.7) 

86.0 (68.2-105.1) 

83.0 (69.0-107.5) 
 

Note: Statistical significance where ‘a’ denotes P≤0.001, ‘b’ denotes P≤0.01 and ‘c’ denotes P<0.05. Values are 

expressed as mean (SD) or median (interquartile range). While glycemic load and glycemic index are related, 

glycemic load accounts for both the amount and quality of carbohydrate while glycemic index refers only to the 
quality. Fiber and glycemic load are presented as both raw (crude) and adjusted data. The adjusted amount accounts 

for overall energy intake using the residual method (227). BMI: body mass index; WHR: waist to hip ratio; FSH: 

follicle-stimulating hormone; E2: estradiol; P: prolactin; TSH: thyroid-stimulating hormone; BMR: calculated basal 

metabolic rate according to Schofield equation (230). 

 

 

  



 

62 

 

Table 2.2 Characteristics of women with PCOS by BMI and insulin resistance. 
 

 Characteristics 

 

BMI Category Insulin Resistance 

Normal 

(n=25) 

Overweight 

(n=31) 

Obese 

(n=31) 

HOMA-IR 

< 3.8 (n=30) 

HOMA-IR 

≥ 3.8 (n=42) 

BMI (kg/m2) 22.2 (1.8) 27.0 (1.4) 36.6 (6.3)a 26.0 (4.4) 32.7 (7.6)a 

WHR 0.81 (0.08) 0.85 (0.05) 0.86 (0.09)c 0.83 (0.1) 0.86 (0.1) 
FBG (mmol/L) 4.9 (0.4) 5.1 (0.6) 5.4 (0.7)b 4.8 (0.4) 5.4 (0.7)a 

2hr gluc (mmol/L) 5.3 (1.6) 6.6 (1.9) 8.6 (2.8)a 5.7 (1.6) 8.2 (2.7)a 

Insulin (pmol/L) 59.3 (38.7) 132.4 (65.9) 222.0 (147.9)a 56.5 (24.2) 218.9 (118.7)a 
HOMA-IR 1.9 (1.4) 4.5 (2.5) 8.0 (6.4)a 1.8 (0.8) 7.8 (5.1)a 

LH (IU/L) 6.9 (5.3) 8.2 (4.6) 7.6 (4.1) 6.3 (4.5) 8.3 (4.0) 

FSH (IU/L) 5.4 (1.6) 5.4 (1.5) 5.5 (1.9) 5.0 (1.8) 5.8 (1.6)c 
LH:FSH 1.2 (0.7) 1.5 (0.7) 1.4 (0.7) 1.3 (0.8) 1.4 (0.6) 

E2 (pmol/L) 159.3 (86.4) 159.5 (55.5) 177.9 (66.5) 168.0 (84.1) 164.4 (59.3) 

P (nmol/L) 1.9 (0.8) 2.5 (1.9) 2.1 (1.9) 2.8 (1.8) 2.7 (0.5) 

17-OHP (nmol/L) 1.9 (1.4) 1.5 (0.5) 1.4 (1.5) 1.5 (1.1) 1.6 (1.4) 
A4 (nmol/L) 5.5 (2.7) 6.2 (3.8) 4.7 (2.5) 4.8 (2.6) 5.5 (3.0) 

T (nmol/L) 1.2 (0.5) 1.4 (0.6) 1.4 (0.7) 1.2 (0.5) 1.5 (0.7) 

DHEAS (µmol/L) 6.3 (1.9) 8.3 (3.4) 6.1 (2.4)b 6.9 (2.7) 6.9 (2.9) 
TC (mmol/L) 4.9 (0.8) 4.9 (0.8) 4.9 (1.1) 4.7 (0.9) 5.0 (0.9) 

LDL-C (mmol/L) 2.7 (0.7) 3.0 (0.8) 2.9 (0.8) 2.8 (0.8) 3.0 (0.8) 

HDL-C (mmol/L) 1.7 (0.6) 1.4 (0.7) 1.2 (0.2)b 1.5 (0.4) 1.3 (0.7) 

TG (mmol/L) 1.0 (0.6) 1.5 (0.9) 1.6 (0.6)c 0.9 (0.4) 1.8 (0.7)a 
TC:HDL-C 3.1 (0.9) 4.0 (1.2) 4.1 (0.9)b 3.3 (0.8) 4.3 (1.1)a 
 

Note: Statistical significance where ‘a’ denotes P≤0.001, ‘b’ denotes P≤0.01, ‘c’ denotes P<0.05. Values are 

expressed as mean (SD). BMI is categorized as normal (between 18.5 and 24.9 kg/m2), overweight (between 25 and 

29.9 kg/m2) and obese (over 30 kg/m2). A HOMA-IR of 3.8 or higher defines insulin resistance. Statistical tests 

were performed comparing anthropometric characteristics among women in normal, overweight and obese 

BMI categories. In addition, statistical tests were performed comparing anthropometric characteristics between 

women with insulin resistance and women without insulin resistance. BMI: body mass index, WHR: waist to hip 

ratio, FBG: fasting blood glucose; HOMA-IR: homeostasis model of assessment for insulin resistance; LH: 

luteinizing hormone; FSH: follicle stimulating hormone; E2: estradiol; P: prolactin; 17-OHP: 17-
hydroxyprogesterone; A4: androstenedione; T: total testosterone; DHEAS: dehydroepiandrosterone sulfate; TC: total 

cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: 

triglycerides.  
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Table 2.3 Daily dietary intake of women with PCOS by BMI and insulin resistance. 
 

Dietary Intake BMI Category Insulin Resistance 

 
Normal 

(n=25) 

Overweight 

(n=31) 

Obese 

(n=31) 

HOMA-IR 

< 3.8 (n=30) 

HOMA-IR 

≥ 3.8 (n=42) 

Energy (kcal) 1713 
(1380-1943) 

1853 
(1628-1979) 

1783 
(1512-1928) 

1792 
(1346-1976) 

1858 
(1660-1992) 

Steps (/day) 6813 

(5138-11360) 

6796 

(4902-9402) 

5967 

(4605-8123) 

5985 

(4930-8337) 

6167 

(4664-8297) 

 
Protein (%) 16.7 (14.1-18.2) 16.7 (14.4-20.0) 17.6 (14.6-21.0) 16.7 (14.1-19.2) 17.4 (14.4-20.6) 

Carbohydrate (%) 48.3 (41.1-53.9) 46.7 (43.6-50.6) 45.2 (41.4-48.2) 45.5 (42.1-51.8) 46.3 (43.3-50.3) 

Fat (%) 34.9 (32.0-41.2) 36.0 (32.3-38.0) 36.0 (33.0-42.2) 36.1 (34.1-37.9) 35.1 (30.0-38.8) 
 

Fiber (g): 

   Crude 

   Adjusted 

  

20.9 (17.1-26.5) 

22.1 (18.5-26.2) 

  

20.0 (15.1-23.8) 

19.3 (15.9-23.2) 

  

17.5 (15.7-22.1) 

18.2 (14.4-23.6) 

  

22.2 (15.6-26.5) 

22.1 (17.6-26.2) 

  

17.9 (16.0-22.6) 

18.6 (14.0-23.4)c 

 

Glycemic Load: 

     Crude 
 

     Adjusted 

  

69.3  
(55.3-93.1) 

83.6  

(67.0-96.3) 

  

93.4  
(59.6-108.4) 

82.7  

(60.8-104.3) 

  

84.6  
(63.7-105.8) 

94.7  

(68.4-108.2) 

  

69.3  
(56.3-96.0) 

83.5  

(61.4-95.9) 

  

93.2 
 (78.0-111.5)b 

93.5 

 (73.6-109.4)c 
 

Note: Statistical significance where ‘a’ denotes P≤0.001, ‘b’ denotes P≤0.01, ‘c’ denotes P<0.05. Values are 

expressed as median (interquartile range). Fiber and glycemic load are presented in crude and adjusted 

intakes. BMI is categorized as normal (between 18.5 and 24.9 kg/m2), overweight (between 25 and 29.9 kg/m2) and 
obese (over 30 kg/m2). A HOMA-IR of 3.8 or higher defines insulin resistance. Statistical tests were performed 

comparing dietary intake among women in normal, overweight and obese BMI categories. In addition, statistical 

tests were performed comparing dietary intakes between women with insulin resistance and women without insulin 

resistance. BMI: body mass index; HOMA-IR: homeostasis model of assessment for insulin resistance.  
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Table 2.4 Daily micronutrient intake in women with and without PCOS. 

 

Dietary Intake PCOS 

(n=87) 

Non-PCOS 

(n=50) 

Vitamin A (IU): Crude 

                        Adjusted 

Vitamin C (mg): Crude 
                          Adjusted 

Vitamin D (mcg): Crude 

                           Adjusted 

Folate (mcg): Crude 
                      Adjusted 

Calcium (mg): Crude 

                       Adjusted 
Iron (mg): Crude 

                 Adjusted 

Sodium (mg): Crude 

                       Adjusted  
Zinc (mg): Crude 

                  Adjusted   

Magnesium (mg): Crude 
                             Adjusted 

Cholesterol (mg): Crude 

                            Adjusted 

6738.0 (2177.7-10139.3) 

6245.3 (2533.1-9401.8) 

96.5 (60.5-126.4) 
100.8 (52.9-176.0) 

2.53 (1.40-4.72) 

2.83 (1.64-4.69) 

256.5 (168.9-369.9) 
255.6 (173.4-358.3) 

606.5 (428.2-807.8) 

658.3 (474.1-799.2) 
11.6 (9.0-14.7) 

11.8 (9.4-14.0) 

2188.0 (1517.6-2874.5) 

2242.2 (1632.5-2825.1) 
7.85 (5.7-10.6) 

8.12 (6.48-10.5) 

236.7 (157.9-326.9) 
238.9 (185.3-312.6) 

284.1 (179.9-430.3) 

297.5 (183.9-439.8) 

8591.7 (5002.5-14214.9)b 

8366.1 (4940.7-14954.4)b 

112.8 (60.5-181.7) 
111.2 (66.7-167.4) 

2.21 (1.31-3.67) 

2.17 (1.29-3.80) 

283.5 (204.2-355.9) 
276.1 (211.6-353.9) 

637.5 (465.8-797.7) 

606.9 (504.6-791.0) 
13.3 (11.4-15.0)c 

12.2 (10.7-14.9) 

2182.1 (1718.4-2898.7) 

2065.1 (1601.3-2873.6) 
8.7 (6.6-10.8) 

9.10 (7.15-10.1) 

292.7 (209.6-417.5)c 
273.9 (213.7-402.9)c 

260.8 (146.0-340.6) 

254.9 (146.0-338.6) 
 

Note: Statistical significance where ‘a’ denotes P≤0.001, ‘b’ denotes P≤0.01 and ‘c’ denotes P<0.05. Values are 

expressed as median (interquartile range). Micronutrients are presented as both raw (crude) and adjusted data. The 

adjusted amount accounts for overall energy intake using the residual method (227).  
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Table 2.5 Daily micronutrient intake of women with PCOS by BMI and insulin resistance. 

 
Dietary Intake BMI Category Insulin Resistance 

Normal 

(n=25) 

Overweight 

(n=31) 

Obese 

(n=31) 

HOMA-IR 

< 3.8 (n=30)  

HOMA-IR 

≥ 3.8 (n=42) 

Vitamin A (IU):    

     Crude 

 

     Adjusted 

 
Vitamin C (mg):  

    Crude 

    Adjusted 

 

Vitamin D (mcg): 

    Crude 

    Adjusted 

 

Folate (mcg):  

     Crude 

 
    Adjusted 

 

Calcium (mg):     

     Crude 

 

    Adjusted 

 

Iron (mg):  

    Crude 

    Adjusted 

 

Sodium (mg):  
    Crude 

 

    Adjusted 

 

 

Zinc (mg):  

    Crude 

    Adjusted 

 

7883.0  

(2365.1-9279.1) 

7807.5 

(2838.7-9618.4) 
 

103.7 (68.8-177.9) 

103.2 (73.2-170.0) 

 

 

2.17 (1.18-4.71) 

2.29 (1.43-4.00) 

 

 

227.2  

(155.1-421.7) 
242.6  

(167.6-404.8) 

 

710.8  

(455.3-818.5) 

748.6  

(593.2-818.6) 

 

11.4 (9.0-14.8) 

10.8 (9.5-14.7) 

 

 
2115.1  

(1886.9-2932.5) 

2195.5  

(1889.4-2915.8) 

 

 

8.12 (6.06-10.0) 

7.51 (6.23-9.14) 

 

6985.76  

(3755.7-11350.2) 

6979.9 

(3824.4-11419.1) 
 

107.8 (78.5-150.8) 

106.1 (76.8-153.6) 

 

 

2.74 (1.61-5.15) 

2.85 (1.68-5.38) 

 

 

264.7  

(172.3-363.9) 
266.2  

(174.6-358.7) 

 

552.6  

(470.1-771.0) 

576.3  

(420.8-747.4) 

 

11.6 (9.5-14.3) 

11.5 (9.4-13.0) 

 

 
2108.9  

(1379.3-2824.5) 

2024.6  

(1607.3-2480.1) 

 

 

8.27 (6.04-10.56) 

8.36 (7.30-10.5) 

 

3055.8 

(1997.6-7061.2) 

3296.1 

(1877.6-6869.6) 
 

63.8 (40.4-108.7) 

66.8 (41.4-111.4) 

 

 

2.76 (1.77-3.88) 

2.97 (1.63-3.89) 

 

 

268.8  

(182.0-300.6) 
254.9  

(185.7-309.5) 

 

580.6  

(345.7-782.4) 

616.1  

(436.8-759.6) 

 

11.6 (8.7-13.1) 

11.8 (8.7-13.1) 

 

 
2374.3  

(1601.6-3092.2) 

2396.4  

(1888.1-2972.2) 

 

 

7.32 (5.30-10.24) 

7.51 (5.28-10.33) 

 

6863.28  

(3070.3-11407.9) 

7162.02  

(3214.3-11872.4) 
 

100.4 (67.9-120.9) 

98.9 (68.4-119.8) 

 

 

2.51 (1.21-4.71) 

2.38 (1.63-4.46) 

 

 

237.8  

(158.7-365.3) 
231.5  

(192.5-355.3) 

 

687.5  

(431.5-849.7) 

686.6  

(530.6-845.5) 

 

10.78 (8.88-14.3) 

10.67 (9.35-13.83) 

 

 
2050.34  

(1522.4-2710.3) 

2126.65  

(1691.7-2508.1) 

 

 

7.65 (5.55-9.15) 

7.93 (6.37-10.43) 

 

4737.14  

(2089.9-7281.7) 

4433.22  

(2267.26-7277.4) 
 

91.33 (52.7-124.8) 

87.8 (51.5-131.4) 

 

 

2.88 (1.58-4.17) 

2.93 (1.63-4.11 

 

 

267.9  

(167.0-295.7) 
252.8  

(164.8-301.7) 

 

569.5  

(406.0-796.1) 

604.2 

(414.3-708.8) 

 

11.65 (9.65-14.0) 

11.47 (9.03-13.13) 

 

 
2342.32  

(1590.0-3553.4) 

2388.13  

(1612.6-3116.0) 

 

 

8.28 (5.97-11.16) 

7.94 (6.78-10.31) 
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Dietary Intake BMI Category Insulin Resistance 

Normal 

(n=25) 

Overweight 

(n=31) 

Obese 

(n=31) 

HOMA-IR 

< 3.8 (n=30)  

HOMA-IR 

≥ 3.8 (n=42) 

Magnesium (mg):      

    Crude 

    Adjusted 

 

 
Cholesterol (mg):        

    Crude 

 

    Adjusted 

251.0 

(157.7-385.2) 

247.0  

(201.4-359.8) 

 
 

248.4 

(120.8-349.7) 

261.9 

(126.4-350.3) 

241.5  

(164.9-332.2) 

243.5  

(188.1-340.8) 

 
 

220.3 

(173.6-352.5) 

214.9 

(183.5-368.9) 

200.4  

(161.8-260.3) 

210.5 

(156.2-275.1) 

 
 

416.4 

(225.4-568.3) 

432.9 

(221.2-559.0) 

240.7  

(147.4-398.4) 

264.5 

(195.1-348.1) 

 
 

228.2  

(171.2-368.6) 

213.45 

(178.8-374.9) 

212.3 

(156.7-289.0) 

208.4 

(153.1-278.5)c 

 
 

300.6 

(183.4-507.0) 

302.29 

(178.8-504.1) 

  

Note: Statistical significance where ‘a’ denotes P≤0.001, ‘b’ denotes P≤0.01, ‘c’ denotes P<0.05. Values are 

expressed as median (interquartile range). Micronutrients are presented in crude and adjusted intakes. BMI is 

categorized as normal (between 18.5 and 24.9 kg/m2), overweight (between 25 and 29.9 kg/m2) and obese (over 30 

kg/m2). A HOMA-IR of 3.8 or higher defines insulin resistance. Statistical tests were performed comparing dietary 

intake among women in normal, overweight and obese BMI categories. In addition, statistical tests were performed 

comparing dietary intakes between women with insulin resistance and women without insulin resistance.  
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Figure 2.1 Daily fiber intake and HOMA-IR of women with PCOS. 

 

 

 

Note: HOMA-IR was compared according to tertiles of adjusted fiber intake (n = 72). Figure previously published in 

“Cutler et al. Low intakes of dietary fiber and magnesium are associated with insulin resistance and 

hyperandrogenism in polycystic ovary syndrome: A cohort study. Food Sci Nutr. 2019;00:1–12.”
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Figure 2.2 Daily intake of glycemic load in women with PCOS and insulin resistance. 

 

 

Note: Adjusted intake of glycemic load was compared according to the HOMA-IR cut-off of 3.8 (n = 72). Figure 

previously published in “Cutler et al. Low intakes of dietary fiber and magnesium are associated with insulin 

resistance and hyperandrogenism in polycystic ovary syndrome: A cohort study. Food Sci Nutr. 2019;00:1–12.” 
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Figure 2.3 Serum testosterone levels and daily dietary fiber intake in women with PCOS. 

 

 

 
 

 

Note: Serum testosterone was negatively correlated with intake of adjusted fiber (n = 78). Figure previously 

published in “Cutler et al. Low intakes of dietary fiber and magnesium are associated with insulin resistance and 

hyperandrogenism in polycystic ovary syndrome: A cohort study. Food Sci Nutr. 2019;00:1–12.” 
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Figure 2.4 Serum DHEA-S levels and daily dietary fiber intake in women with PCOS. 

 

 
 

 

 

Note: Serum DHEA-S was negatively correlated with intake of adjusted fiber (n = 79). Figure previously published 

in “Cutler et al. Low intakes of dietary fiber and magnesium are associated with insulin resistance and 

hyperandrogenism in polycystic ovary syndrome: A cohort study. Food Sci Nutr. 2019;00:1–12.” 
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Figure 2.5 Serum testosterone levels and daily dietary fiber intake in women with PCOS. 
 

 

 

 

 
 

 

 

 

Note: Serum testosterone was compared according to tertile of adjusted fiber intake (n = 78). Figure previously 

published in “Cutler et al. Low intakes of dietary fiber and magnesium are associated with insulin resistance and 

hyperandrogenism in polycystic ovary syndrome: A cohort study. Food Sci Nutr. 2019;00:1–12.” 
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Figure 2.6 Serum DHEA-S levels and daily dietary fiber intake in women with PCOS. 
 

 

 

 

 

 

Note: Serum DHEA-S was compared according to tertile of adjusted fiber intake (n = 79). Figure previously 
published in “Cutler et al. Low intakes of dietary fiber and magnesium are associated with insulin resistance and 

hyperandrogenism in polycystic ovary syndrome: A cohort study. Food Sci Nutr. 2019;00:1–12.” 
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Figure 2.7 Daily magnesium intake and insulin resistance in women with PCOS. 
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Figure 2.8 Daily magnesium intake and C-reactive protein in women with PCOS. 
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Figure 2.9 Daily magnesium intake and total testosterone in women with PCOS. 
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Chapter 3: Determinants of Psychological Health in PCOS  

3.1 Determining the associations between levels of depression, anxiety, stress, and quality 

of life with symptoms of PCOS – a cohort study 

3.1.1 Introduction 

Previous literature has reported that women with PCOS are at a significantly increased 

risk for developing psychiatric co-morbidities, including depressive and anxiety disorders, when 

compared to women without PCOS (5, 92). However, limited high-quality studies and 

conflicting reports have resulted in inconclusive findings to explain this increased distress, as 

discussed in Chapter 1, Section 1.8.8. Poor body image due to obesity, hirsutism, and acne have 

been proposed as potential links to decreased psychological well-being in women with PCOS 

(90, 93-95, 97, 99).  

 The first aim of this study was to investigate symptoms of depression, anxiety, stress and 

fertility-related QoL in women with and without PCOS. Our second aim was to determine how 

psychological distress relates to the physical, biochemical and ethnic differences among women 

with PCOS. Lastly, we aimed to identify whether particular phenotypes of PCOS are at greater 

risk of decreased psychological well-being. 

3.1.2 Methods 

Study Design, Setting and Participants 

A cohort study was performed between May 2014 and April 2017 at Grace Fertility 

Centre in Vancouver, Canada. Women of reproductive age (18 to 45 years) with sub-fertility 

were given the opportunity to participate in the study. Of these women, 302 completed the study 

including 152 women diagnosed with PCOS (Rotterdam criteria), and 150 sub-fertile women 

without PCOS. Of the 152 women with PCOS, 85 were categorized as ‘Hyperandrogenic (HA) 
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PCOS’ when all three Rotterdam criteria were present or if hyperandrogenism and oligo-

anovulation were present without PCOM on ultrasound. The remaining 67 women presented 

with both oligo-/anovulation and PCOM on ultrasound, and therefore were categorized as ‘Non-

androgenic (Non-HA) PCOS’. There were no women in the PCOS population diagnosed with 

‘Ovulatory PCOS’. The infertility diagnoses of the control group were unexplained (40%), 

diminished ovarian reserve (19%), male factor (15%), prior history of oligo-ovulation (10%), 

tubal factor (3%), and mixed (13%).  

Psychological Well-being Assessment 

Participants completed the Depression, Anxiety and Stress Scale (DASS) and the Fertility 

Quality of Life Questionnaire (FertiQoL) to quantify symptoms of depression, anxiety, stress and 

fertility-related QoL (including QoL subscales: emotional, relational, mind-body and social) 

(Appendices C and D). These self-report methods have both been validated and used widely 

(280, 281).  

The DASS reports a single numerical score for each of the following: depression, 

anxiety, and stress. A higher score implies greater symptoms of depression, anxiety, or stress, 

accordingly. In addition, these scores are ranked on a scale of 1-5 with 1 being “normal”, 2 being 

“mild”, 3 being “moderate”, 4 being “extreme” and 5 being “severely extreme” (Appendix C).  

The FertiQoL provides a score for total QoL out of possible 100, the higher score 

implying a higher quality of living. In addition, four sub-categories are also each ranked out of 

100: Emotional, Mind-Body, Relational and Social (Appendix D). 

Anthropometrics and Physical Characteristics 

All patients have their height, weight, waist and hip circumference recorded, and BMI 

and WHR calculated as a routine part of clinical practice at Grace Fertility Centre. Patients with 
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PCOS are routinely asked to self-report for the presence of hirsutism using the modified 

Ferriman-Gallway (mFG) score in addition to clinical assessment by the physician. 

Corresponding data for participants were compiled for the study. 

Hirsutism and acne were also obtained as a self-reported categorical variable (yes/no) in 

addition. 

Ultrasound Assessment, Biochemical and Hormonal Assays 

Similarly, as a routine part of clinical practice at Grace Fertility Centre, all patients 

presented with PCOS or infertility have a baseline transvaginal ultrasound assessment by one 

physician (APC) using the EC9-5/10 endovaginal transducer (SonixTouch, Ultrasonix), and 

hormone measurements for FSH, estradiol (E2), prolactin (P), and TSH (Abbott Architect 

Immunoassay) and C-reactive protein (CRP). Women with PCOS have additional hormone and 

metabolic measurements which include: LH, progesterone, androstenedione (A4), and 17-OHP 

(Agilent 6410, LCMS methodology); testosterone (T), DHEA-S and fasting insulin (Roche 

Cobas e602 Immunoassay); blood glucose levels after a 12-hour fast (FBG) and at two hours 

after a 75 gram oral glucose tolerance test (2 hour glucose level) (Roche Cobas c701 Roche 

Diagnostics, hexokinase/G6P-DH method); total cholesterol (TC), HDL cholesterol (HDL-C), 

and triglycerides (TG) (Roche Cobas c701 Roche Diagnostics enzymatic colorimetric method, 

and with polyethylene glycol-modified enzymes and dextran sulfate for HDL-C). The 

corresponding data for participants were compiled for the study. 

Statistical analyses 

Calculated depression, anxiety, stress, and QoL scores were assessed for “statistical” 

normality by histogram visualizations and Shapiro-Wilk tests. In our sample, age was the only 

variable normally distributed. Multiple groups were compared by analysis of variance (ANOVA) 
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or its non-parametric equivalents and post-hoc analysis was assessed by Tukey and Kramer 

(Nemenyi) tests. The analysis included Student’s t tests for normally distributed data and Mann-

Whitney and Spearman’s Rank tests for nonparametric data. Analysis of covariance was used to 

adjust for age and BMI when comparing women with PCOS to women without PCOS. OGTT 

was also adjusted for when necessary. All analyses were executed in R software. Data of 

statistical significance was considered as P < 0.05. 

3.1.3 Results 

Aim 1: To investigate symptoms of depression, anxiety, stress and fertility-related QoL in 

women with and without PCOS. 

Baseline Characteristics 

Women with PCOS were significantly younger than women without PCOS and had 

significantly greater BMI and WHR. Women with PCOS had significantly lower FSH levels, 

higher LH, and higher CRP levels, but after adjusting for BMI and age these differences were not 

statistically significant (Table 3.1). Participants reported their ethnicity resulting with 44% East 

Asian, 35% European, 15% South Asian, and the remaining 6% included women of Aboriginal, 

Iranian, Russian and/or South American descent. 

Psychological Outcomes 

Women with PCOS had significantly higher scores for symptoms of depression (P = 

0.02), anxiety (P < 0.001), and stress (P = 0.03) than women without PCOS, however, after 

adjusting for BMI and age, only symptoms of anxiety remained significantly different (P = 0.03) 

(Table 3.3). Total QoL scores, as well as all QoL sub-categories, were no different between the 

two groups both before and after adjustments (Table 3.3).  
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Ethnic Differences 

Psychological outcomes were compared between the four main ethnic groups in this 

study (Table 3.4). Women of South Asian descent and women grouped as “Others” (Aboriginal, 

Iranian, Russian and/or South American) had higher scores for symptoms of depression, anxiety 

and stress than women of East Asian and European descent, which did not reach statistical 

significance. Total QoL and sub-categories of QoL scores did not differ significantly between 

ethnic groups with the exception that East Asian women had greater emotional QoL than women 

grouped as “Others” (P = 0.02) (Table 3.4). 

Aim 2: To determine how psychological distress relates to physical, biochemical and ethnic 

differences of women with PCOS.  

BMI 

The baseline characteristics of women with PCOS were compared between women with 

BMIs considered “normal” (between 18.5 and 24.9 kg/m2), “overweight” (between 25 and 29.9 

kg/m2), and “obese” (over 30 kg/m2). There were no significant differences between age, FSH, 

LH, estradiol, progesterone, 17-OHP, androstenedione, testosterone, DHEA-S, OGTT, fasting 

insulin or HOMA-IR based on BMI grouping. Women with “obese” or “overweight” BMI had 

higher fasting glucose levels than women who had “normal” BMI. After post-hoc analysis, 

women with “normal” BMI had significantly lower fasting glucose levels than women with 

“obese” BMI (P < 0.001).  Symptoms of depression, anxiety, stress, QoL, and sub-categories of 

QoL did not differ significantly between women based on BMI grouping (Table 3.6). BMI was 

not significantly associated with symptoms of depression, anxiety, stress, total QoL or any QoL 

sub-categories. 
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WHR 

The baseline characteristics of women with PCOS were compared among those with 

WHRs considered “normal” (under 0.80), “overweight” (between 0.80 and 0.84), and “obese” 

(equal to or over 0.85). There were no significant differences between age, FSH, LH, estradiol, 

progesterone, 17-OHP, androstenedione, testosterone, DHEA-S, OGTT, fasting insulin or 

HOMA-IR based on WHR grouping. Fasting glucose was significantly lower in women with a 

“normal WHR” compared to “overweight” or “obese” WHRs (P = 0.036). The post-hoc analysis 

found that women with “normal” WHR had significantly lower fasting glucose levels than 

women with “overweight” WHR (P = 0.017), but not women with “obese” WHR (P = 0.067). 

Symptoms of depression, anxiety, stress, QoL, and sub-categories of QoL did not differ 

significantly among women according to their WHR grouping (Table 3.7). WHR was not 

significantly associated with symptoms of depression, anxiety, stress, total QoL or any QoL sub-

categories. 

Insulin Resistance 

The baseline characteristics of women with IR-PCOS were compared to women with 

non-IR-PCOS. There were no significant differences between age, FSH, LH, estradiol, 

progesterone, 17-OHP, androstenedione, testosterone or DHEA-S. Women with IR-PCOS had 

significantly higher levels of fasting glucose, OGTT, fasting insulin in addition to HOMA-IR 

scores. Symptoms of depression, anxiety, stress, QoL, and sub-categories of QoL did not differ 

significantly between IR-PCOS and non-IR-PCOS (Table 3.8). HOMA and OGTT were not 

significantly associated with symptoms of depression, anxiety, stress, total QoL or any QoL sub-

categories. 
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Ethnic Differences 

The baseline characteristics of women with PCOS were compared between the four 

ethnic groups and there were no significant differences between BMI, WHR, age, activity level, 

years trying to conceive, hirsutism, reproductive hormone levels, or metabolic health. In 

addition, there were no significant differences between symptoms of depression, anxiety, stress, 

QoL, or sub-categories of QoL (Table 3.5).  

Aim 3: To identify which phenotypes of PCOS are at greater risk of decreased psychological 

well-being. 

Hyperandrogenism 

Women with HA PCOS had significantly higher levels of LH, estradiol, 17-OHP, 

androstenedione, and testosterone than women with Non-HA PCOS. Women with HA PCOS 

had significantly higher symptoms of anxiety and lower social QoL scores than women with 

Non-HA PCOS (Table 3.9). There were no correlations between LH, 17-OHP, androstenedione, 

testosterone, or DHEA-S with symptoms of depression, anxiety, stress, total QoL or any QoL 

sub-categories with the exception that androstenedione levels were negatively correlated with 

relational QoL (rho = -0.25, P = 0.02, Figure 3.1). Women with increased symptoms of anxiety 

(ranging from mild to extremely severe) had significantly greater amounts of hirsutism than 

women with no anxiety (P = 0.04). The severity of anxiety symptoms was positively associated 

with levels of self-reported hirsutism, but not to statistical significance (Figure 3.2). Estradiol 

was negatively correlated with symptoms of depression (rho = -0.19, P = 0.02), anxiety (rho = -

0.18, P = 0.03, Figure 3.3), and stress (rho = -0.22, P = 0.01). There were no significant 

correlations between estradiol and total QoL or sub-categories of QoL. Women with PCOS and 



 

83 

 

acne had similar symptoms of depression, anxiety, stress, total QoL, emotional QoL, relational 

QoL, social QoL, and mind-body QoL as those without acne. 

Infertility 

Women with PCOS and primary infertility had similar symptoms of depression, anxiety, 

stress, and relational QoL as women with PCOS and secondary infertility. Women with PCOS 

and primary infertility had significantly lower levels of total QoL (P = 0.04, Figure 3.4), social 

QoL (P = 0.03), mind-body QoL (P = 0.03) and emotional QoL (P = 0.02) than women with 

PCOS and secondary infertility. There were no significant correlations between time to conceive 

measured in years and symptoms of depression, anxiety, stress, total QoL or any sub-categories 

of QoL in women with PCOS. 

Explanatory Model for Anxiety 

Multiple linear regression analysis was performed to determine key factors impacting 

increased anxiety symptoms in women with PCOS. The following variables were included in the 

regression model: reproductive hormones (estradiol, testosterone, androstenedione, DHEA-S), 

metabolic markers (HOMA, OGTT) and physical presentation (hirsutism, BMI, WHR). 

Backwards stepwise regression determined that androstenedione, estradiol, WHR, and hirsutism 

were the strongest predictors of anxiety symptoms in women with PCOS accounting for 26% of 

the variance (r2 = 0.26, P = 0.034). Decreased estradiol was the most significant predictor of 

increased anxiety symptoms (P = 0.026).  

3.1.4 Discussion 

This study indicates that women with PCOS have increased anxiety symptoms when 

compared to other women with an infertility diagnosis. Further, the analysis demonstrates that 

this increase in anxiety may be related to hyperandrogenism. In particular, the symptom of PCOS 
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most associated with increased anxiety was hirsutism. This finding supports one previous study 

where hirsutism was associated with anxiety and an additional study where hirsutism was shown 

to negatively influence women’s body image and QoL (98, 282). Women with PCOS and 

excessive hair growth have described themselves as a “freak”, “disgrace”, and have expressed 

feelings of living in a prison in their body (98). Methods to escape such distress range from 

removing the hair, covering the body and even contemplating suicide (98). Another study found 

that suicide attempts are seven times more common in women with PCOS than other women 

(283). Expectations of female beauty are rooted in Western societies and being hairless is one 

major social norm of femininity (98, 284, 285). Hirsutism is a more distressing symptom than 

may be perceived by those who do not suffer from this symptom. 

Symptoms of depression and stress were also significantly greater for women with 

PCOS, but only before adjusting for BMI and age differences. This suggests that women with 

PCOS, particularly those of higher BMI and younger age, may be under higher psychological 

distress and at risk for developing depressive and stress symptoms. 

When multiple linear regression was performed to examine the correlation between 

reproductive hormones and psychological well-being, estradiol and androstenedione were 

significant predictors of anxiety symptoms. In addition, estradiol was also a significant predictor 

of stress symptoms. Estradiol has been shown to be protective against anxiety and depressive 

symptoms (286).  

This is one of the first studies to compare psychological well-being between various 

ethnic groups of women with PCOS. Our findings suggest that symptoms of depression, anxiety, 

stress, and overall QoL do not discriminate and that the psychological experience of PCOS 

appears to affect women of all ethnic backgrounds. 
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A major strength of this study was the large sample size which allowed for comparison 

between PCOS phenotypes and ethnic groups. In addition, previous literature of this magnitude 

often used a self-reported diagnosis of PCOS, while in this study PCOS was strictly defined by 

one clinician, and according to the widely accepted Rotterdam criteria. Also, the control group 

resulted in an accurate representation of the range of women being treated at a fertility centre. 

Thus, infertility was a unifying characteristic among both groups of women effectively removing 

it as a factor in the causes of psychological distress. 

One limitation of this study is that it pertains to a specific population of higher 

socioeconomic status who are in generally good health, and therefore, results cannot be 

generalized across all women with PCOS. 

In conclusion, psychological distress in the form of symptoms of anxiety, depression, and 

stress is increased in some women with PCOS. This observational study sheds light on the 

hyperandrogenic phenotype being most at risk for experiencing symptoms of anxiety and poorer 

QoL.
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3.2 Evaluating the relationship between lifestyle and psychological health in PCOS – a 

cohort study 

3.2.1 Introduction 

The impact that lifestyle, such as dietary patterns and physical activity, has on the 

development and management of poor psychological health, such as anxiety and depression, is 

largely unknown. A systematic review published in 2010 summarized the data from 34 

observational studies and concluded that dietary nutrients were not associated with symptoms of 

depression (287). However, more recently, further observational studies have linked high intakes 

of fruit, vegetables, fish, and whole grains to a reduced risk of depression while high intakes of 

sugar and processed foods have been associated with an increased risk of depression, as well as 

anxiety (288-290).  

The results from the data presented in Chapter 2, Section 2 identified lower intakes of 

magnesium in women with PCOS. Magnesium is a critical mineral for regulating the 

hypothalamic-pituitary-adrenocortical axis. Magnesium status has been inversely associated with 

anxiety (290). A recent systematic review concluded that supplementation of magnesium can be 

beneficial for alleviating mild anxiety (291). In addition, the results of Chapter 3, Section 1 

identified decreased levels of psychological well-being in women with PCOS, particularly 

greater anxiety and lower quality of life. Therefore, the first aim of this study was to determine if 

dietary intake, particularly micronutrients such as magnesium, can explain poor psychological 

well-being outcomes in women with PCOS. 

As discussed in Chapter 1, Section 1.10.2, physical activity can have a positive effect on 

mood, particularly low to moderate intensity aerobic activity. For example, reports indicate that 

when women walk more than 7500 steps a day, the prevalence of depression is reduced by half 
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(292). Another study showed that walking 10,000 steps a day could lower depression, as well as 

anxiety and anger, in overweight individuals (293). Therefore, the second aim was to determine 

if the amount of daily physical activity can explain poor psychological health outcomes in 

women with PCOS. 

3.2.2 Methods 

This was a cohort study which took place at Grace Fertility Centre in Vancouver, Canada. 

The study included 87 women diagnosed with PCOS. This is the same cohort of women with 

PCOS who completed the three-day dietary intakes described in Chapter 2. 

Lifestyle and Psychological Assessment 

Dietary intake was assessed using a 3-day food record while physical activity was 

measured using a pedometer, as described in Chapter 2, Section 2.1.2. Psychological well-being 

was evaluated by the Depression, Anxiety and Stress Scale (DASS) and the Fertility Quality of 

Life Questionnaire (FertiQoL), as described in Chapter 3, Section 3.1.2. 

Anthropometrics and Physical Characteristics 

Data were collected pertaining to participants’ height, weight, waist, and hip 

circumference, BMI, WHR, hirsutism (both yes/no and modified Ferriman-Gallway scores), and 

acne (yes/no). 

Biochemical and Hormonal Assays 

Data on women’s metabolic status were collected including fasting blood glucose (FBS), 

a 2-hour oral glucose tolerance test (OGTT) and fasting insulin. Hyperandrogenism was assessed 

with the following bloodwork: total testosterone, DHEA-S, and androstenedione.  

Statistical analyses 
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All outcome variables for dietary intake and psychological well-being were assessed for 

“statistical” normality by histogram visualizations and Shapiro-Wilk tests. Outcome variables 

were not normally distributed with the exception of age. Multiple groups were compared by 

analysis of variance (ANOVA) or its non-parametric equivalents and post-hoc analysis was 

assessed by Tukey and Kramer (Nemenyi) tests. The analysis included Student’s t tests for 

normally distributed data and Mann-Whitney and Spearman’s Rank tests for nonparametric data. 

All analyses were performed in R software. Significance tests where P < 0.05 were statistically 

significant. 

3.2.3 Results 

Depression 

Women with PCOS and scores in the severe to extremely severe range of depressive 

symptoms consumed significantly less vitamin D than women in the normal to moderate range of 

depressive symptoms (P = 0.018, Figure 3.5).  Specifically, women in the severe and extremely 

severe range of depressive symptoms consumed significantly less vitamin D than women in the 

mild and moderate range of depressive symptoms (P = 0.003) and no symptoms of depression (P 

= 0.036). Overall caloric, vitamin and mineral intake, and physical activity did not differ between 

women grouped by various degrees of depressive symptoms. Numerical scores for depressive 

symptoms were not significantly correlated with caloric intake, carbohydrates, protein, fat, fiber, 

glycemic load, sugar, folate, calcium, iron, zinc, sodium, cholesterol, magnesium, manganese, 

vitamins A, B1, B2, B6, B12, C, D, or daily number of steps taken.  

Anxiety 

Overall caloric, vitamin and mineral intake, and physical activity did not differ between 

women grouped by various degrees of anxiety symptoms (ranging from normal to severe). 
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Numerical anxiety symptom scores were not significantly correlated with intake of calories, 

carbohydrates, protein, fat, fiber, glycemic load, sugar, folate, calcium, iron, zinc, sodium, 

cholesterol, magnesium, manganese, vitamins A, B1, B2, B6, B12, C, D, or daily number of 

steps taken.  

Stress 

Overall caloric, vitamin and mineral intake, and physical activity did not differ between 

women grouped by various degrees of stress symptoms (ranging from normal to severe). 

Numerical stress symptom scores were not significantly correlated with intake of calories, 

carbohydrates, protein, fat, fiber, glycemic load, sugar, folate, calcium, iron, zinc, sodium, 

cholesterol, magnesium, manganese, vitamins A, B1, B2, B6, B12, C, D, or daily number of 

steps taken. 

Quality of Life 

The overall quality of life was negatively correlated with the total caloric intake (rho = -

0.32, P = 0.014, Figure 3.6). Quality of life scores were not significantly correlated with intake of 

carbohydrates, protein, fat, fiber, glycemic load, sugar, folate, calcium, iron, zinc, sodium, 

cholesterol, magnesium, manganese, vitamin A, B1, B2, B6, B12, C, D or daily number of steps 

taken.  

Social quality of life was negatively correlated with total caloric intake (rho = -0.44, P = 

0.0005). Emotional and mind-body quality of life scores were negatively correlated with 

manganese intake (rho = -0.30, P = 0.018, and rho = -0.26, P = 0.043). 

3.2.4 Discussion 

This is the first study to examine the dietary intakes of women with PCOS in relation to 

their psychological well-being. With the recent emergence of evidence identifying micronutrient 
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deficiencies and increased psychological health issues for women with PCOS, as discussed in 

Chapter 1, this research recognizes an important and underappreciated relationship.  

The finding of lower vitamin D intake in women with greater depressive symptoms 

supports a report concerning the role of vitamin D in mood disorders in the general population 

(294). A population-based cohort study from the Netherlands assessed serum 25-hydroxyvitamin 

D levels of 1,200 people over the age of 64 and found that people with both minor and major 

depression had 14% lower serum 25-hydroxyvitamin D levels compared to those without 

depression (295). In women with PCOS, levels of serum vitamin D have been positively 

associated with central obesity, IR, infertility, and hirsutism (296). Moreover, a few trials have 

shown that supplementation of vitamin D may improve insulin sensitivity and HOMA-IR in 

women with PCOS (297). Whether vitamin D supplementation can reduce depression in women 

with PCOS is yet to be examined. 

While our results did not show an association between the majority of nutrients assessed 

and poor psychological health, the relationship between diet and mental health may be a function 

of dietary intake as a whole rather than as parts. For example, a meta-analysis published in 

Clinical Nutrition in 2018 reviewed the results of 11 cross-sectional and longitudinal studies 

assessing the potential link between an anti-inflammatory diet and depression (298). This review 

found that a pro-inflammatory diet could increase the risk of depression by 1.4-fold. Women 

with PCOS often present with an increase in inflammatory markers, and therefore, an anti-

inflammatory diet could potentially target and ameliorate a variety of their symptoms, such as 

depression, metabolic and hormonal imbalances. A randomized controlled trial demonstrated that 

a Mediterranean diet (typically anti-inflammatory) supplemented with nuts (walnuts, hazelnuts, 

and almonds) could decrease the incidence of depression in adults with type 2 diabetes (299, 
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300). The specific nuts supplemented were also considered anti-inflammatory due to their high 

polyunsaturated fats, monounsaturated fats, vitamin E, and low in saturated fat.  

To conclude, in general, the habitual dietary intake and physical activity of women with 

PCOS were not associated with symptoms of depression, anxiety, stress, or quality of life. Future 

work in this area should examine dietary intake with regard to overall dietary patterns rather than 

individual food groups or nutrients and perhaps provide further insight into the dietary impact on 

the psychological well-being of women with PCOS. The finding that vitamin D intake was 

associated with greater depressive symptoms adds to the literature on a role vitamin D might 

play in PCOS. 
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Table 3.1. Anthropometric characteristics of women with and without PCOS. 

 

 PCOS 

(n=152) 

Control 

(n=150) 

P P (adj for BMI 

and/or Age) 

BMI (kg/m²) 27.5 (23.8-31.8) 23.6 (21.0-26.4) <0.001* <0.001* 

WHR 0.83 (0.78-0.90) 0.79 (0.73-0.83) <0.001* <0.001* 

Age 31.2 ± 5.2 35.6 ± 5.2 <0.001* <0.001* 

FSH (IU/L) 5.4 (4.1-6.4) 6.0 (4.6-7.9) <0.01* 0.09 

LH (IU/L) 7.25 (4.35-10.9) 3.8 (2.1-6.8) <0.001* 0.47 

Estradiol (pmol/L) 158.0 (114.0-218.0) 137.5 (100.0-202.8) 0.11 0.58 

Prolactin (nmol/L) 9.3 (6.9-14.5) 10.0 (8.0-15.5) 0.08 0.26 

TSH (mIU/L) 1.7 (1.2-2.5) 1.6 (1.2-2.3) 0.57 0.69 

CRP (mg/L) 2.3 (0.5-5.8) 0.7 (0.3-2.85) <0.01* 0.20 

 

Note: Values are expressed as median (IQR) or mean ± SD. P values are marked with an asterisk when statistically 

significant. BMI: body mass index; WHR: waist to hip ratio; FSH: follicle-stimulating hormone; LH: luteinizing 

hormone; TSH: thyroid-stimulating hormone; CRP: C-reactive protein. 
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Table 3.2. Scoring ranges for the Depression Anxiety Stress Scales. 

 

 Normal Mild Moderate Severe Extremely Severe 

Depression 0-9 10-13 14-20 21-27 28+ 

Anxiety 0-7 8-9 10-14 15-19 20+ 

Stress 0-14 15-18 19-25 26-33 34+ 
 

(281) Lovibond SH, Lovibond PF. Manual for the Depression Anxiety Stress Scales. 2nd ed. Sydney: Psychology 

Foundation; 1995. 
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Table 3.3 Psychological outcomes of women with and without PCOS. 

 

 PCOS 

(n=152) 

Control 

(n=150) 

P P (adj for BMI, 

Age) 

Depression 4.0 (1.5-9.5) 3.0 (1.0-7.75) 0.02* 0.18 

Anxiety 6.0 (2.0-11.0) 3.5 (1.0-7.0) <0.001*  0.03* 

Stress 11.0 (6.0-18.0) 8.0 (4.0-14.0) 0.03* 0.31 

QoL 66.3 (56.3-72.9) 66.7 (55.2-74.0) 0.93 0.66 

  Emotional QoL 66.7 (50.0-70.8) 62.5 (47.9-70.8) 0.55 0.68 

  Mind-Body QoL 70.8 (54.2-83.3) 75.0 (54.2-87.5) 0.16 0.93 

  Relational QoL 50.0 (42.9-60.7) 50.0 (42.9-53.6) 0.56 0.26 

  Social QoL 70.8 (62.5-79.2) 70.8 (60.4-79.2)  0.75 0.32 

 

Note: Values are expressed as median (IQR). P values are marked with an asterisk when statistically significant. See 
Table 3.2 for depression, anxiety, and stress scoring ranges. All QoL scores are out of a total of 100. Most 

participants completed both questionnaires (DASS: n = 297, FertiQol: n = 234). 
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Table 3.4 Psychological outcomes among ethnic groups in all women. 

 

 East Asian 

(n=127) 

European 

(n=102) 

South Asian 

(n=43) 

Others 

(n=20) 

P 

Depression 3.0 

(1.0-8.0) 

3.0 

(1.0-9.0) 

4.5 

(1.0-12.8) 

4.5 

(1.8-7.8) 

0.759 

Anxiety 4.0 
(2.0-10.0) 

3.5 
(1.0-8.0) 

6.0 
(2.8-14.3) 

6.0 
(4.8-9.0) 

0.071 

Stress 8.0 

(5.0-14.0) 

8.5 

(4.3-17.8) 

12.0 

(5.8-18.3) 

13.0 

(8.0-16.8) 

0.146 

QoL 67.71 

(55.43-75.0) 

67.39 

(58.85-73.26) 

65.05 

(51.04-70.31) 

61.46 

(53.75-63.54) 

0.730 

 Emotional QoL 66.67 

(50.0-75.0) 

62.50 

(45.83-70.83) 

62.50 

(41.67-67.71) 

52.08 

(37.5-61.46) 

0.118 

 Mind Body QoL 75.00 

(54.17-87.5) 

75.00 

(62.5-83.3) 

60.42 

(44.79-76.04) 

68.75 

(48.96-78.13) 

0.150 

 Relational QoL 50.00 
(42.86-57.14) 

50.00 
(42.86-57.14) 

50.00 
(42.86-60.18) 

46.43 
(40.18-50.00) 

0.246 

 Social QoL 70.83 

(54.17-79.17) 

70.83 

(66.67-83.33) 

68.75 

(62.5-76.04) 

75.00 

(63.54-78.13) 

0.397 

 

Note: Values reported as median (IQR). See Table 3.2 for depression, anxiety, and stress scoring ranges. All QoL 

scores are out of a total of 100. 
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Table 3.5 Psychological outcomes of women with PCOS by ethnicity. 

 

 East Asian 

(n=64) 

European 

(n=45) 

South Asian 

(n=28) 

Others 

(n=9) 

P 

Depression 5 (2-11) 3 (1-7) 3 (1-10) 5 (2-7) 0.434 

Anxiety 6.5 (2-11) 5 (2-9) 8 (3-16) 6 (4-9) 0.389 

Stress 9 (6-16.8) 10 (5-19) 13 (6-19) 11 (8-15) 0.579 
QoL 65.96 

(55.99-73.18) 

68.23 

(63.8-72.11) 

62.5 

(52.6-69.7) 

61.46 

(57.3-71.1) 

0.902 

 Emotional QoL 66.67 
(50.0-71.88) 

66.67 
(58.33-70.83) 

62.50 
(41.67-72.92) 

60.42 
(52.08-62.50) 

0.216 

 Mind Body QoL 70.83 

(54.17-83.33) 

75.00 

(66.67-79.17) 

58.33 

(50.00-70.83) 

68.75 

(60.42-73.96) 

0.580 

 Relational QoL 46.43 
(42.86-60.71) 

53.57 
(46.43-61.6) 

50.00 
(46.43-60.36) 

44.64 
(40.18-49.11) 

0.657 

 Social QoL 70.83 

(57.29-79.17) 

72.92 

(66.67-76.04) 

70.83 

(62.5-75.0) 

70.83 

(60.42-75.0) 

0.287 

 

Note: Values are expressed as median (IQR). See Table 3.2 for depression, anxiety, and stress scoring ranges. All 

QoL scores are out of a total of 100. 
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Table 3.6 Psychological outcomes of women with PCOS by BMI category. 

 

BMI Normal (n=45) Overweight (n=45) Obese (n=55) P 

Depression 3.0 (1.0-8.0) 4.5 (1.75-9.25) 4.0 (2.0-9.25) 0.3743 

Anxiety 6.0 (2.0-11.0) 7.5 (3.0-14.0) 7.0 (2.0-10.25) 0.6883 

Stress 11.0 (6.0-16.0) 10.5 (6.0-19.5) 11.0 (5.75-18.25) 0.5734 

QoL 65.42 
(56.25-73.70) 

63.54 
(51.04-72.03) 

68.75 
(61.46-75.00) 

0.5908 

  Emotional QoL 58.33 

(50.00-69.79) 

60.42 

(41.67-67.71) 

66.67 

(60.42-72.92) 

0.3179 

  Mind Body QoL 70.83 

(54.17-86.46) 

66.67 

(53.13-79.17) 

75.00 

(58.33-83.33) 

0.3687 

  Relational QoL 46.43 

(42.86-50.00) 

50.00 

(42.86-67.50) 

50.00 

(42.86-60.71) 

0.9156 

  Social QoL 72.92 

(66.67-83.33) 

66.67 

(54.17-76.04) 

75.00 

(62.5-77.08) 

0.3255 

 

Note: Values are expressed as median (IQR). See Table 3.2 for depression, anxiety, and stress scoring ranges. All 

QoL scores are out of a total of 100. BMI: body mass index. 
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Table 3.7 Psychological outcomes of women with PCOS by WHR. 

 

WHR Normal (n=75) Overweight (n=17) Obese (n=25) P 

Depression 5.0 (1.0-9.0) 5.0 (3.0-11.0) 3.0 (2.0-7.0) 0.9554 
Anxiety 6.0 (2.0-10.25) 5.0 (2.0-13.0) 7.0 (2.0-13.0) 0.2091 

Stress 10.0 (6.0-19.0) 8.0 (6.0-17.0) 13.0 (3.0-18.0) 0.5511 

QoL 64.58 
(54.69-73.44) 

65.63 
(48.96-72.92) 

67.71 
(64.06-72.87) 

0.5883 

  Emotional QoL 58.33 

(43.75-70.83) 

62.50 

(41.67-75.00) 

70.83 

(60.42-75.00) 

0.6996 

  Mind Body QoL 70.83 

(54.17-79.17) 

58.33 

(54.17-83.33) 

66.67 

(62.50-83.33) 

0.3598 

  Relational QoL 46.43 

(42.86-55.36) 

42.86 

(42.86-46.43) 

53.57 

(46.43-63.93) 

0.5525 

  Social QoL 70.83 

(62.5-79.17) 

75.00 

(62.5-79.17) 

75.00 

(66.67-81.25) 

0.5609 

 

Note: Values are expressed as median (IQR). See Table 3.2 for depression, anxiety, and stress scoring ranges. All 

QoL scores are out of a total of 100. WHR: waist to hip ratio.
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Table 3.8 Psychological outcomes of women with PCOS with and without insulin 

resistance. 

 

 IR (n=64)                  No-IR (n=62)            P 

Depression 3.0 (1.0-8.25) 5.0 (2.0-10.0) 0.6558 

Anxiety 6.0 (2.75-11.50) 7.5 (2.25-13.75) 0.9668 
Stress 11.0 (5.5-20.0) 10.5 (6.0-19.0) 0.6383 

QoL 65.63 (60.42-72.92) 68.75 (51.04-72.92) 0.8357 

  Emotional QoL 62.50 (50.00-70.83) 66.67 (50.00-75.00) 0.1811 

  Mind Body QoL 75.00 (58.33-83.33) 70.83 (50.00-79.17) 0.4283 
  Relational QoL 50.00 (46.43-57.14) 46.43 (42.86-60.71) 0.5912 

  Social QoL 70.83 (66.67-75.00) 70.83 (54.17-79.17) 0.7848 
 

Note: Values are expressed as median (IQR). P values are marked with an asterisk when statistically significant. See 

Table 3.2 for depression, anxiety, and stress scoring ranges. All QoL scores are out of a total of 100.  
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Table 3.9 Characteristics and psychological outcomes in hyperandrogenic vs non-

hyperandrogenic phenotypes of women with PCOS. 

 

      HA (n=85)                Non-HA (n=67)            P 

Characteristics 

17-OHP (nmol/L) 

 

1.7 (1.1-2.0) 

 

1.0 (0.8-1.3) 

 

<0.001* 
A4 (nmol/L) 6.0 (4.5-8.0) 3.8 (2.9-5.6) <0.001* 

T (nmol/L) 1.6 (1.1-1.9) 1.1 (0.9-1.3) <0.001* 

DHEA-S (µmol/L) 6.9 (5.0-10.0) 6.0 (4.8-7.8) 0.10 

Ferriman-Gallwey Score 13.5 (9.0-20.1) 2.0 (0.75-5.3) <0.001* 
PCO Morphology (%) 

 

72 28 <0.001* 

Psychological Outcomes 

Depression 
 

5.5 (1.0-11.0) 
 

3.0 (2.0-8.0) 
 

0.380 

Anxiety 8.0 (3.0-12.25) 4.0 (2.0-9.5) <0.01* 

Stress 12.5 (6.0-19.0) 8.0 (4.5-16.5) 0.188 

QoL 65.63 (56.25-72.92) 67.71 (60.42-73.96) 0.302 
 Emotional QoL 64.58 (41.67-70.83)  66.67 (50.00-75.00) 0.230 

 Mind Body QoL 75.00 (54.17-83.33) 70.83 (58.33-83.33)  0.850 

 Relational QoL 46.43 (46.43-60.71) 50.00 (42.86-60.71) 0.434 
 Social QoL 68.75 (58.33-75.00)  75.00 (66.67-83.33)  0.029* 

 

Note: Values are expressed as median (IQR) or percentages for categorical variables. P values are marked with an 

asterisk when statistically significant. See Table 3.2 for depression, anxiety, and stress scoring ranges. All QoL 

scores are out of a total of 100. 17-OHP: 17-hydroxyprogesterone; A4: androstenedione; T: total testosterone; 

DHEA-S: dehydroepiandrosterone sulfate.
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Figure 3.1 Correlation between androstenedione and relational quality of life in women 

with PCOS. 
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Note: Serum androstenedione was negatively correlated with relational quality of life (n = 88). 
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Figure 3.2 Self-reported levels of anxiety and hirsutism in women with PCO
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Note: Scores assessing hirsutism were compared according to level of symptoms of anxiety (n = 57). 
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Figure 3.3 Anxiety scores and estradiol levels in women with PCOS. 
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Note: Serum estradiol was negatively correlated with symptoms of anxiety (n = 137). 
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Figure 3.4 Quality of life in women with PCOS and infertility. 
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Figure 3.5 Daily vitamin D intake and level of depression in women with PCOS. 

 

 

Normal Mild 

and Moderate 

Severe and 

Extremely Severe 

V
it

a
m

in
 D

 I
n
ta

k
e 

(m
cg

) 

Depression 

Range of Depressive Symptoms 

Note: Daily average adjusted vitamin D intake was compared according to level of depressive symptoms 

(n = 84). 

 

0 

5 

10 



 

106 

 

Figure 3.6 Overall quality of life and caloric intake in women with PCOS. 
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Chapter 4: Lifestyle-Based Intervention for PCOS 

4.1 A randomized controlled trial comparing lifestyle intervention to letrozole for 

ovulation in women with PCOS – a study protocol 

4.1.1 Introduction 

Between 70 to 80% of women with PCOS have difficulty conceiving due to oligo- or 

anovulation. Despite ovulation rates of 75 to 80% achieved with the use of ovulation induction 

agents and a conception rate per cycle of 22% compared to that of a healthy woman trying to 

conceive naturally in their first year, some women with PCOS remain unresponsive (81, 301). In 

contrast, evidence suggests that lifestyle (diet, activity and stress management) influences 

ovulation and the effectiveness of fertility treatments (302-304). Despite the indication that 

women with PCOS have expressed the need for alternative fertility treatments, lifestyle 

interventions incorporating a nutritional plan with supplementation, increased physical activity, 

and techniques for stress management have not been combined as a program and studied in this 

population. The literature presented in Chapter 1, Section 1.10, suggests that each of these 

individual components has the potential to positively influence reproductive hormones, 

metabolic markers, and psychological well-being. 

While lifestyle intervention is recommended as a first-line treatment for women with 

PCOS and obesity, 45% of women with PCOS reported they have never been provided 

information on lifestyle management and only 61 to 76% of REI-ObGyn and 46 to 61% ObGyn 

recommended lifestyle modifications to their patients for fertility or nonfertility reasons (48, 95). 

Even with efforts to improve dietary and exercise habits, women with PCOS often experience 

difficulty managing their weight. In addition, 62% of women with PCOS reported never 
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receiving information about emotional support or counselling (48). Attention to general physical 

and psychological health appears to be inconsistent at the clinical level yet recognized as an 

important component in the effective management of women receiving the life-altering diagnosis 

of PCOS and/or infertility (5, 102). 

There have been no studies to date evaluating the reproductive outcomes of a 

comprehensive four-component intervention program incorporating structured nutritional and 

physical activity components, combined with techniques for stress management in women with 

PCOS trying to conceive (125). Literature shows that women with PCOS can significantly 

benefit from lifestyle changes, specifically, eating a low glycemic diet, incorporating nutritional 

supplements, increasing their activity level, and managing stress (115, 141, 182, 305). However, 

prior lifestyle intervention studies have limitations including high drop-out rates, lack of defining 

specific PCOS phenotypes, and small cohort sizes. In addition, most studies have focused on 

only one lifestyle-related change, such as diet, as opposed to a more synergistic approach 

wherein diet, exercise and stress reduction are combined. In addition, the implementation of a 

mindfulness program to help reduce stress which could potentially increase ovulation and 

conception has been studied in a few PCOS cohorts. Cognitive behavioural therapy has been 

implemented in infertile populations for over thirty years (87). These programs teach a variety of 

coping skills such as learning relaxation techniques, stress management, and provide group 

support. The relaxation response is a powerful tool proven effective in stress-related diseases 

such as cancer, CVD and mental disorders. Since women with PCOS have a higher prevalence of 

mental health conditions, inducing the relaxation response through mindfulness training could 

prove an effective stress management strategy for our study cohort (306).  
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In addition to a low glycemic diet, physical activity, and stress reduction, a diet 

supplemented with myo-inositol (MI) may provide further hormonal homeostasis and improve 

metabolic functioning (307). Several studies have shown that IR with its compensatory 

hyperinsulinemia plays a pivotal role in both the metabolic and ovarian hormone dysfunction 

observed in PCOS women. There is evidence that women with PCOS and IR could be deficient 

in MI which would impact glucose metabolism. In addition, MI levels in follicular fluid are 

lower in PCOS women with hyperinsulinemia compared to healthy women (308, 309). One 

study described that higher levels of MI in follicular fluid correlated with oocyte quality and 

maturity (310). When supplemented with MI, women with PCOS have experienced reduced 

serum insulin, testosterone and increased rates of ovulation (211, 311). MI has also been shown 

to improve oocyte number and quality (208).  

We hypothesize that implementing a four-tier comprehensive program of lifestyle 

changes in women with PCOS will help restore ovulation by weight loss, reducing serum 

androgen levels and increasing sensitivity to insulin. A lifestyle change program may also 

ameliorate hirsutism. Such changes should increase overall psychological well-being and QoL. 

Finally, we expect that the distinct phenotypes of PCOS will respond differently to lifestyle 

intervention. This information will allow us to better define those phenotypes best served by this 

comprehensive approach, and to identify factors affecting the outcome in the less responsive 

phenotype.  

The objectives of this study are: to determine whether the comprehensive lifestyle 

interventions described are effective in restoring ovulation and compare this to letrozole; to 
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determine if the addition of MI improves ovulation rates, IR, metabolic parameters; and finally, 

to evaluate any differences in the responses of PCOS phenotypes. 

4.1.2 Methods 

This is a randomised controlled trial which will include 240 women diagnosed with 

PCOS, according to the Rotterdam criteria, who are trying to conceive. Participants will be 

randomised to either a comprehensive lifestyle intervention program or prescribed oral fertility 

medication (letrozole). These two groups will be further randomised to consume MI or a 

placebo. Participants will be between the ages of 18 and 37. Exclusion criteria include women 

who have already begun fertility treatment, who are taking MI or have taken it in the past three 

months, or who are currently being treated for or have a past history of an ED. The primary 

outcome will be the ovulation rate, while the secondary outcome will be conception. Other 

outcomes include miscarriage rates, validated rating measures of overall QoL (including social, 

relational, mind/body and emotional sub-categories) and psychological well-being scores 

(depression, anxiety, and stress). 

Overall study design 

This study follows a factorial design. Women with PCOS will be randomised with a 1:1 

allocation into two groups: the first group participating in a comprehensive lifestyle intervention 

program (“Graceful Lifestyle Changes” (GLC) program) while the second group will be 

prescribed letrozole to induce ovulation, with the standard clinician counselling. Within each 

group, participants will be further randomised with a 1:1 allocation to either be given oral MI or 

a placebo. Block randomisation will be performed at both stages using a computer-generated 

random numbers table and the software program REDCap. All clinicians, researchers, and 
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participants involved in the study will be blinded to block sizes and allocation of MI/placebo. A 

researcher not involved in the study will be responsible for the randomisation procedures.  

Lifestyle Intervention Group (GLC) 

The GLC group will have weekly check-ins with physicians and educators for 12 

consecutive weeks. A wellness booklet designed and provided by clinicians will outline the main 

concepts being taught. Each week will consist of an educational portion guiding women on how 

to follow a low glycemic meal plan, incorporate walking 10,000 steps a day, and induce the 

relaxation response through cognitive behavioural therapy techniques. The low glycemic meal 

plan requires participants to consume 45% of carbohydrates in their diet and no more than 55 

grams of glycemic load a day, which is similar to previous low glycemic diet intervention 

studies. Lists will be provided outlining foods that are low, medium, or high in their glycemic 

load. Hence, within their overall meal plan, participants will be advised to eat predominantly low 

glycemic foods and to limit high glycemic foods. They will also be provided with a pedometer to 

record the number of steps taken each day. These steps can be achieved by any form of exercise 

that participants can sustain. Lastly, participants will practice relaxation response exercises for 

twenty minutes daily on their own, in combination with six weeks of mindfulness training 

provided within the 12-week intervention program. 

Data Collection 

Participants will complete a three-day food record report during the baseline, 4th, 8th, 

and 12th weeks (See Appendix A). Participants will also receive a phone call from a trained 

researcher to complete a 24-hour diet recall at the end of the 2nd, 6th, and 10th weeks. These 

combined methods will aim to assess overall compliance to the low glycemic diet, provide 
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researchers with information on the length of time participants take to comply, evaluate any 

fluctuations in eating habits, and compare these two types of nutritional assessments. 

Participants will also record their physical activity during the baseline, 4th, 8th, and 12th 

weeks based on their pedometer recordings and the meditation and relaxation exercises 

performed daily.  

Compliance to the physical activity portion will be measured through daily pedometer 

readings recorded by the participant. Compliance will be ensured additionally through weekly 

check-ins/weigh-ins and frequent motivational email reminders.  

Psychological well-being (depression, anxiety, stress, and QoL) will be assessed before 

and after the 12-week intervention by two validated self-report questionnaires: the DASS and the 

FertiQoL (280, 281).  

Letrozole Group 

The use of CC to treat anovulatory infertility is common. However, in agreement with 

what we have observed in clinical practice, recent evidence has suggested that letrozole is more 

effective than CC in achieving ovulation in this population (129). Additionally, letrozole does 

not negatively affect the endometrial thickness. The initial dose will be 5 milligrams daily for 

five days and increased to a total daily dose of 7.5 milligrams, if necessary, depending on the 

ovulatory response, as in clinical practice at Grace Fertility Centre in Vancouver, Canada. 

Letrozole will be taken for five days with the day of the first dose defined as “Cycle Day 3” 

which can correspond to day 3 of spontaneous menses or induced bleeding after progestogen-

withdrawal. This treatment regimen will continue for three cycles or until pregnancy is achieved. 

It will be recommended for participants to have intercourse every other day in the expected 
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ovulatory period (starting on cycle day 12, for a week, and using urinary ovulation prediction 

kits).   

Myo-inositol Group 

Participants will be instructed to consume six grams of MI (or its placebo) in water every 

morning for 12 weeks. While most previous literature on MI for PCOS is based on four grams of 

MI a day, increasing the dose may provide more efficient effects. A dose of six grams a day is 

still safe as MI has been used in doses up to 18 grams a day to treat panic disorder (312). 

Outcomes 

Ovulation is the primary outcome (categorical “yes” or “no”) and frequency of ovulation 

(nominal “0”, “1”, “2, or “3”) during the 12-week (84-day) study. The study length allows the 

observation of three potential ovulatory cycles. The upper limit of a normal ovulatory cycle 

length is 35 days, hence, to document ovulation using progesterone levels in the expected luteal 

phase, the study may extend to the end of week 14. Ovulation will be identified based on 

progesterone level checks on day 22, and if appropriate, one week later for evidence of 

ovulation, defined as a progesterone level greater than 10 nmol/L. The secondary outcome is 

conception (categorical “yes” or “no”). Other outcomes that will be evaluated are miscarriage 

rates, changes in numerical scores of symptoms of depression, anxiety, stress, and QoL based on 

the DASS and the FertiQoL. 

Statistical Methods 

The participants’ biochemical and hormonal profiles, physical attributes (BMI, 

hirsutism), ovulatory response, pregnancy status, scores for depression, anxiety, stress, and QoL 

will be assessed for “statistical” normality. Data from all four groups will be compared by 

analysis of variance (ANOVA) or its non-parametric equivalents. Categorical data will be 
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compared by Chi-square statistics. Differences in dietary intake and its compositions over time 

will be compared by ANOVA or its non-parametric equivalent with time as the repetitive 

measure. The primary comparison will be between GLC and letrozole as the observed effects of 

MI alone is small in clinical experience. There are no reported interactions between MI and 

ovulation-induction medications or lifestyle change in the literature. Hence, our power 

calculations have been based on the two main effects acting independently. Nevertheless, a 

factorial design will allow for the exploration of potential interactions, acknowledging the 

sample size required in this situation may be different (313, 314). Regression analysis will also 

be performed to determine the individual impacts of diet, activity, and mindfulness on ovulation. 

In particular, the ovulation rates of four main sub-groups of PCOS will be explored as potential 

predictors using regression analysis and adjusting for BMI and age.  

Sample Size and Power Calculations 

The target sample size will be 240 participants (120 participants in the GLC group and 

120 participants on oral medication). This is based on: a power calculation using a 5% 

significance level, 80% power comparing two proportions, and current knowledge of the average 

ovulation rates of lifestyle interventions and letrozole, our main effect. We explored several 

combinations of the ovulation rates from letrozole and lifestyle interventions and chose the most 

conservative estimate to ensure that our sample size was adequate, i.e., 91 in each group. By 

enrolling 120 participants in each group, we have allowed for a drop-out rate of 32%. Table 4.1 

describes the lowest and highest reported ovulation rates for letrozole and lifestyle interventions, 

the sample size required in each scenario comparing the two proportions, and the three highest 

sample sizes required from our calculations, considering the length of lifestyle intervention and 

the start dose of letrozole. 
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When calculating the sample size necessary to assess the effect of MI on ovulation rates, 

we reviewed the few studies already published. One randomized controlled trial reported an 

ovulation rate of 70% when MI was given to women with PCOS versus a 21% ovulation rate for 

in controls (211). Similarly, another randomized controlled trial reported an ovulation rate of 

65% using MI in women with PCOS (315). Using these rates in a comparison of two 

proportions, a total sample size of 26 is needed and easily covered by our original calculation 

above. 

4.1.3 Discussion 

This trial will determine the effectiveness of a structured comprehensive lifestyle-based 

intervention program for women with PCOS experiencing infertility. In addition, it will 

determine whether supplementing with MI provides any further benefit. The objective of this 

study is to assess a possible non-pharmacological solution to ovulatory dysfunction in these 

patients and perhaps improve other associated facets of their lives. 

While previous lifestyle-related management programs can improve ovulation rates in 

some women with PCOS, they have generally focused on weight reduction alone. Legro et al 

compared three preconception interventions for women with PCOS prior to undergoing 

ovulation induction therapy. The first was lifestyle modification which consisted of caloric 

restriction, weight loss medication, and exercise. The second was oral contraceptive pills (OCPs) 

alone, and the third was lifestyle modification in combination with OCPs. They found that the 

two groups that incorporated lifestyle modification achieved greater weight loss, higher rates of 

ovulation and managed to avoid the onset of metabolic syndrome in comparison to the OCP 

group (302).  
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However, restrictive diets resulting in weight cycling is associated with ED (as well as 

depression) (316). This is concerning as women with PCOS seem to be at greater risk of 

developing ED than the general population (317). Furthermore, long-term weight loss 

medication is not a sustainable solution for ameliorating symptoms of PCOS. 

The intended outcome of this research is the development of a successful comprehensive 

12-week program for women with PCOS wishing to conceive. It is evident that women are 

seeking alternative fertility options that are natural, safe and effective (181). While fertility 

medications can be effective, they are costly and increase the risk of complications such as twin 

pregnancy. On the other hand, a lifestyle-based program can provide benefits such as weight 

loss, decreased symptoms of PCOS (decreased hair growth, more regular cycles), improved 

energy, reduced stress, and better QoL. Patients frequently drop out of infertility treatment due to 

factors such as financial and emotional stress and disappointment from failure to conceive 

despite repeated treatments (87). Hence, the management of PCOS should be more 

comprehensive and address the multiple factors at play in this condition. This includes not only 

the endocrine and metabolic perturbations, and anovulatory infertility but also the psychological 

and emotional impacts of PCOS (306).  

Potential Biases or Limitations 

The drop-out rate is often high in lifestyle-based interventions. To mitigate a high drop-

out rate we have taken steps such as providing daily email contacts and weekly check-ins 

between participants and health care providers throughout the duration of the study (12 weeks). 

A lack of compliance can often become another limitation for intervention studies. To ensure 

compliance of participants, especially with the lifestyle modification group, we will provide 
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weekly in-person education sessions, as well as periodic check-ins over the phone, in order to 

explain and reinforce the importance and significance of the recommendations provided and how 

the women in the study will directly benefit from these comprehensive lifestyle changes. These 

weekly sessions will also serve as an opportunity for the participants to ask questions and receive 

support from both clinicians and other women struggling with similar issues. After each session, 

the participant’s weight will be recorded (in a private setting) to help them remain motivated in 

adhering to dietary changes and increased physical activity. Several dietary recall methods will 

be used to measure compliance to the low glycemic diet, such as a 24-hour recall and a food 

record, recognizing these tools also have their own limitations.  

Although the main goal of this intervention is to achieve a pregnancy, improving overall 

health and QoL for women with PCOS is an important component in achieving this primary 

goal. Infertility per se has a large psychological impact on women, as does the diagnosis of 

PCOS. Failed repetitive cycles of hormone therapy can add to stress and decrease QoL further in 

women with PCOS, providing a rationale for a comprehensive supportive program implementing 

sustainable lifestyle changes. Hopefully, this will not only improve women’s chances of 

achieving a pregnancy but also enhance long-term physical and mental health.  
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Table 4.1 Sample size calculation based on previous literature. 

   

Note: Table previously published in “Cutler DA, et al. A randomized controlled trial comparing lifestyle 

intervention to letrozole for ovulation in women with polycystic ovary syndrome: a study protocol. Trials. 2018 

Dec;19(1):632.” 

Range of Reported  

Ovulation Rates 

Letrozole Ovulation 

Rate 

Lifestyle Ovulation 

Rate 

Total Sample Size 

Needed 

Lowest 62% (129) 38% (318) 130 

Highest 86% (319) 67% (320) 150 

Median 70% 50% 182 
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Chapter 5: Conclusion 

This dissertation illuminates the significance of lifestyle in the varied presentations of 

PCOS. Original data drew several conclusions, which were either yet to be studied in PCOS 

populations or had been previously reported with contradictory results. 

Firstly, it was found that obesity in PCOS cannot be explained by a surplus of energy 

intake. In other words, overweight women with PCOS are not eating more or exercising less than 

women of “normal” weight. This implies that an underlying metabolic dysregulation is likely and 

could compound the difficulty in managing weight and normalizing insulin levels. Increased 

awareness among clinicians regarding these difficulties that women with PCOS may have could 

help better manage their weight and insulin resistance, in addition to limiting the weight 

stigmatization experienced, and the perpetual dieting cycles which have proven largely 

ineffective (113). 

Secondly, it was found that fiber intake was associated with IR and hyperandrogenism in 

women with PCOS (321). While causation cannot be drawn, increasing fiber intake can be easily 

implemented with little to no side-effects. Clinicians should advise women with PCOS and IR to 

consume high-fiber foods (ex. vegetables, fruits, and whole grains). In addition, magnesium 

intake was also associated with IR, dyslipidemia, and inflammation. Likewise, increasing dietary 

magnesium intake by specific foods and supplementation could be beneficial with little harm. 

Good sources of magnesium include spinach, avocado, edamame, black beans, quinoa, nuts, and 

tofu. In addition, for the first time in a PCOS cohort, this dissertation examined the relationship 

between dietary intake and mood. It was found that insufficient vitamin D intake may be 

associated with depression. Thus, perhaps nutritional management in PCOS is best summarized 

as “quality over quantity” as we found that macro- and micronutrient intakes (such as fiber, 
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magnesium, and vitamin D) were more significantly associated with PCOS, and phenotypic 

differences, than overall caloric intake. 

Thirdly, this dissertation advances nutritional epidemiology for PCOS research. Few 

previous studies have accounted for overall caloric intake when assessing macronutrient and 

micronutrient intake in women with PCOS. This is crucial for obtaining accurate food intakes 

and, therefore, previous evidence may be unreliable. 

Fourthly, it was found that anxiety is increased in women with PCOS, and in particular, 

within the hyperandrogenic phenotype. Both hirsutism and high levels of androstenedione were 

related to increased anxiety. This draws attention to the impact that the physical presentation of 

PCOS symptoms may be having on the psychological well-being of women with PCOS. 

Clinicians should be cognizant of the potential for hyperandrogenic women to be distressed 

about their symptoms and consider providing resources for coping with anxiety. 

Finally, a study protocol for the first multi-component lifestyle intervention aimed at 

increasing ovulation, conception, and overall QoL for women with PCOS was designed and 

presented. This 12-week intervention incorporated the four main tiers of PCOS management 

discussed in this dissertation: nutrition, exercise, stress management, and supplementation. The 

publication of this protocol in 2018 of Trials allows for research groups worldwide to examine 

its effectiveness at treating infertility in women with PCOS without the use of ovulation 

induction therapy (322).   

5.1 Strengths 

One main strength throughout the original studies presented in this dissertation was the 

consistent diagnosis of PCOS using the Rotterdam criteria. Much of the literature to date is 

heterogeneous in regard to how PCOS is diagnosed. Studies use a range of criteria from the 
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broad Rotterdam criteria to the strict AE-PCOSS criteria, and even unreliable self-diagnoses in 

some cases, which impedes scientific understanding of this syndrome.  

The nutritional assessments conducted in Chapters 2 and 3 were well-designed using a 

three-day food record, which was the most reliable method for the goals of these studies. In 

addition, the appropriate adjustments were made to account for overall energy intake and 

potential under-reporters.  

The inclusion of a control group allowed for nutritional intake, physical activity, and 

psychological scores to be compared to other women as opposed to comparing to, for example, 

national recommendations for intake and activity or average levels of psychological distress in 

the general population (as seen in previous studies). 

A final strength in this work was the inclusion of over 300 women, presented in Section 1 

of Chapter 3. This large sample size allowed for an in-depth analysis of psychological well-being 

among PCOS phenotypes and ethnic groups.  

5.2 Limitations 

The use of self-reported dietary intakes can lead to misreporting and under-reporting. 

With the limited options available to assess such a complex topic as human nutritional intake, 

there is a need to develop further methods of dietary assessment, such as dietary biomarkers 

(323). Self-reported dietary intakes are still valuable for informing dietary guidance and public 

health policy as long as several recommendations for methodology, made by Subar et al in the 

Journal of Nutrition, are followed, such as energy adjustment (323). 

In addition, the data collected in Chapters 2 and 3 were from patients attending a private 

fertility centre, located in Vancouver, who are typically of higher socioeconomic status, and 
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generally in satisfactory health. Accordingly, these results cannot be assumed to be the case for 

women of different socioeconomic status with limited access to healthcare. 

Lastly, even though HOMA-IR is a strong predictor of IR, diagnosing IR using HOMA-

IR is problematic as there is no HOMA-IR cut-off established for women with PCOS. 

5.3 Future Directions 

There is plenty of opportunity for future work in the field of lifestyle and PCOS. In terms 

of nutritional management, there is a need for more randomized controlled trials on specific 

patterns of eating. The evidence that this dissertation presents is supportive of an anti-

inflammatory, high fiber diet, similar to the well-known Mediterranean diet. For example, the 

Mediterranean diet has had positive outcomes for women going through IVF treatment (324). A 

focus on the anti-inflammatory aspects of this diet combined with an increase in high-fiber foods 

could help reduce the risk for T2D and CVD in women with PCOS. In addition, the 

supplementation of specific micronutrients, such as magnesium and vitamin D, need to be further 

examined.  

While the amount of physical activity was assessed using a pedometer, it may be 

worthwhile to assess the well-being and anthropometrics of women with PCOS who exercise 

outdoors as opposed to indoors. Recent literature has found that walking in green spaces can 

positively impact mental health, in addition to weight management (325). 

One area this dissertation did not assess was the sleep patterns of women with PCOS. 

Sleep is crucial for overall well-being and evidence has identified sleep disturbances as 

independent risk factors of IR (326). Recent research suggests women with PCOS may be more 

likely to have sleep apnea and this could be exacerbating metabolic dysfunction (327). Future 

studies in the identification of sleep patterns and how this may associate with hormonal and 
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metabolic imbalances in women with PCOS may provide another avenue for lifestyle 

management (328). 

5.4 Knowledge Translation 

Given academic journals are not widely accessible to some of those most in need of the 

information, such as patients, knowledge translation is important for scientists and clinicians. To 

make the findings of this dissertation accessible to the public, I have been active in the online 

dissemination of information (329). I have built a community using social media platforms, with 

a following of close to 10,000, where I provide evidence-based information in accessible 

language to the public and have accepted invitations to speak in non-academic settings (wellness 

shows, television, etc). In addition, I have co-founded an online support group for women with 

PCOS seeking information and social support in making lifestyle changes. 

In conclusion, the material presented in this dissertation highlights the importance of 

considering several aspects of lifestyle in the presentations and management of PCOS. Future 

research with an emphasis on these lifestyle factors would benefit our knowledge and ability to 

better assist those with PCOS. 
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Appendices 

Appendix A: Consent Forms 

 

Title:  Diet, Activity and Stress Levels in Women with Polycystic Ovary Syndrome 

and/or Women Undergoing Fertility Treatment 

 

Principal Investigator:  A. P. Cheung, MB BS, MPH, MBA, FRACOG, FRCSC 
Assistant Professor, Division of Reproductive Endocrinology & Infertility 

Department of Obstetrics and Gynaecology, Faculty of Medicine, UBC 

Medical Director, Grace Fertility Centre, #210 - 604 West Broadway  
 

Co-Investigator:           D. Cutler, PhD Candidate, BSc 

Department of Obstetrics and Gynaecology, Faculty of Medicine, UBC 

Grace Fertility Centre, #210 - 604 West Broadway  
 

A. Shaw, ND, BSc 

   Naturopathic Physician, Grace Fertility Centre, #210 - 604 West Broadway ` 
   Clinic Supervisor, Boucher Institute of Naturopathic Medicine  

 

S. Pride, MD, FRCSC 

Clinical Professor, Division of Reproductive Endocrinology and Infertility 
Department of Obstetrics and Gynecology, Faculty of Medicine, UBC 

D6-4500 Oak Street (604) 875-2000 ext: 5685 

 
Invitation: 

You are invited to take part in this study because you are or will be undergoing fertility treatments. Some 

of you will have been diagnosed with polycystic ovary syndrome. This study is entirely voluntary; you 
may withdraw from it at any time and your ongoing care will not be affected. Please review the consent 

document and decide whether or not you wish to be a participant. 

 

Background information: 
Studies suggest that diet, activity and stress levels influence ovulation and affect the response of the ovaries 

to fertility medications or pregnancy success to fertility treatments. Polycystic ovary syndrome (PCOS) is 

a hormonal condition that affects approximately 6-18% of women during their reproductive years. There 
are a wide range of symptoms and biochemical changes with which PCOS patients may present such as 

absent or infrequent menstrual cycles, cosmetic changes (acne, increased facial and body hair), and weight 

gain. Pre-diabetic and elevated cholesterol states can be present in some women. Many women with PCOS 
have difficulty conceiving due to infrequent ovulation.  

 

What is the purpose of the study? 

This study will examine the diet, activity and stress levels of women undergoing infertility treatments to 
determine differences among various groups of women, particularly women with PCOS and those 

without. This study will provide further insight into whether these factors impact PCOS symptoms, 

ovulation and fertility. It will also provide an opportunity to assess whether these factors can predict 
ovarian response to fertility medications in women with or without PCOS.  
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Who can participate in this study? 

• all women with PCOS 

• all women trying to conceive 

 

What does the study involve? 

You will be asked to fill in two questionnaires, which will take no longer than 30 minutes (the Depression 

Anxiety Stress Scale (DASS) and the Fertility Quality of Life questionnaire (FertiQoL)). You will then 
keep a detailed food and exercise diary for three days (two weekdays and one weekend day). Additionally, 

you will wear a small pedometer on your belt or pants (provided by us) which will measure your physical 

activity.  
What information will be collected? 

Asides from the stress questionnaires, food diary and exercise diary, your medical records at Grace Centre 

will be accessed to correlate study results with relevant clinical data for meaningful interpretation. This set 
of data, with your identification removed, may form a registry to follow-up long-term health effects related 

to PCOS; however, participation is voluntary and you will be contacted at a later date to ask for your 

permission and consent.    

 

What are the risks of being a participant?                                                                                          

There is a small possibility that you may feel uncomfortable answering some of the questions.  However, 

the study results will be more meaningful if you can answer all questions.  
 

What are the benefits of being a participant? 

Possible benefits of being a participant could include gaining a higher level of awareness and knowledge 
of your nutritional habits, physical activity, and level of stress. Nutritional software will identify and 

calculate your nutrient intake, such as important vitamins and minerals, and we will be able to provide you 

with a written report of this information. However, there is the possibility you will not receive any benefit 

from participating. We anticipate that the information gained from this study will 1) help women with 
PCOS, and clinicians to better understand this complex syndrome, and 2) help us identify if there are any 

correlation of these factors and response of the ovaries to fertility medications. 

  
Will participants receive remuneration or reimbursement? 

There will be no cost incurred to you; nor will you receive any payment as a participant. We will appreciate 

if you return all materials provided, such as journals and pedometers, to the Grace Centre so that other 

participants can use them. 
 

What happens if I decide to withdraw my consent to participate?  

You may withdraw from this study at any time without giving reasons. If you choose to enter the study and 
then decide to withdraw at a later time, all data collected about you during your enrolment in the study will 

be retained, without revealing your identity, for analysis. 

 
How will you ensure that my medical information is kept confidential? 

All information is strictly confidential. Your confidentiality will be respected. However, research records 

and health records identifying you may be inspected by the REB in the presence of the Investigator, or his 

designate, for the purpose of monitoring the research. No information or records that disclose your identity 
will be published without your consent, nor will any information or records that disclose your identity be 

removed or released without your consent unless required by law. 

 
You will be assigned a unique study number as a participant in this study. This number will not include 

any personal information that could identify you (e.g., it will not include your Personal Health Number, 
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SIN, or your initials, etc.). Only this number will be used on any research-related information collected 
about you during the course of this study so that your identity will be kept confidential. Information that 

contains your identity will remain only with the Principal Investigator and/or designate. The list that 

matches your name to the unique study number that is used on your research-related information will not 

be removed or released without your consent unless required by law. 

Your rights to privacy are legally protected by federal and provincial laws that require safeguards to ensure 

that your privacy is respected. You also have the legal right of access to the information about you that has 
been provided to the sponsor and, if need be, an opportunity to correct any errors in this information. Further 

details about these laws are available on request to your study doctor. 

 

You do not waive any legal rights by signing this consent form. 

If you have any concerns or complaints about your rights as a research participant and/or your experiences 
while participating in this study, contact the Research Participant Complain Line in the University of British 

Columbia Office of Research Ethics by e-mail at RSIL@ors.ubc.ca or by phone at 604-822-8598 (Toll 

Free: 1-877-822-8598). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:RSIL@ors.ubc.ca
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CONSENT FORM CHECKLIST 

 

Project: Characterizing Diet, Physical Activity and Stress in Women with PCOS 
      

Principal Investigator (P.I.):                  Dr. A. P. Cheung 

Co-investigators:   Dylan Cutler 

     Dr. Alana Shaw 
     Dr. Sheila Pride 

 

           YES           NO 
Do you understand that you have been asked to be a participant           

in this characterization study analyzing the diet, activity, and stress  

of women?  
 

I have been told that I will receive a dated and  

signed copy of this form.                               

 

Do you understand the purpose of this characterization study, and the 

benefits or risks?                               

 

Have you had an opportunity to ask questions about this 

characterization study?                               

 

Do you understand that you are free to withdraw from this 
study at any time, without having to provide a reason and  

without affecting your medical care?                               

 

Has the issue of confidentiality been explained to you, and do you                                          

understand who will have access to your medical information?    

 

Would you like to be notified on any future studies  

that you might be interested in (e.g., the voluntary PCOS registry,  

or fertility treatments)?  

 
I, (print your name) ____________________________________________________                

                                                        Last Name                                First Name                         

agree to become a participant in this characterization study. 

Signature of Registrant   __________________________________Date:________________ 

 
Signature of P.I. or his designate ____________________________Date:______________
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Appendix B: 3-Day Food and Activity Diary Template  

Name: 

Instructions 

Use this booklet to record your daily food and drink intake for three days.  Please record 

two days during the week (Mon-Fri) and one day on the weekend (Sat or Sun).   

 

Food & Drink Items Consumed:  Please be as specific as possible. This means 

including information such as the brand/producer, type, flavor, or restaurant eaten at.  

For food items such as a ‘McDonald’s hamburger’ include everything in it (ex. 1 tomato 

slice, 1 slice of cheddar cheese, etc.) For mixed dishes such as salads, include each 

individual ingredient and its quantity (ex. 1 cup of organic spinach, 1 tablespoon of 

sliced blanched almonds, etc.) List one food item on each row. 

Amount: Use measurements whenever possible such as cups, tablespoons, teaspoons, 

grams, milliliters, etc. If these measurements are not feasible to obtain (such as when 

eating at a restaurant) then use comparisons such as a golf ball size, or tennis ball size. 

Please refer to charts in the handout to ensure accurate recording.   

If you happen to have a smartphone, please take a picture of your meals which may 

make it easier to identify specific food or drink items. 

 

If you have any questions please contact Dylan Cutler at 

research@fertilitywithgrace.com  

 

 

mailto:research@fertilitywithgrace.com
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Day 1          Date:                                        

Time Food & Drink Items Consumed Amount 

8:00 am ex. Quaker Steel Cut Oats (hot cereal)  ex. 1 cup oats 

 ex. 2% milk ex. ½ cup 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   



 

168 

 

Day 2          Date:                                        

Time Food & Drink Items Consumed Amount 
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Day 3          Date:                                        

Time Food & Drink Items Consumed Amount 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 



 

Appendix C: Depression Anxiety and Stress Scales (English & Chinese) 

DASS 
 

Name: 

 

Date: 

    

Please read each statement and circle a number 0, 1, 2 or 3 which indicates how much the statement 
applied to you over the past week. There are no right or wrong answers. Do not spend too much 
time on any statement. 

 

The rating scale is as follows: 

0 Did not apply to me at all 

1 Applied to me to some degree, or some of the time 

2 Applied to me to a considerable degree, or a good part of time 

3 Applied to me very much, or most of the time 

 

1 I found myself getting upset by quite trivial things  0     1     2     3     

2 I was aware of dryness of my mouth  0     1     2     3     

3 I couldn't seem to experience any positive feeling at all 0     1     2     3     

4 I experienced breathing difficulty (eg, excessively rapid 
breathing, breathlessness in the absence of physical 
exertion) 

0     1     2     3     

5 I just couldn't seem to get going  0     1     2     3     

6 I tended to over-react to situations  0     1     2     3     

7 I had a feeling of shakiness (eg, legs going to give way) 0     1     2     3     

8 I found it difficult to relax  0     1     2     3     

9 I found myself in situations that made me so anxious I 
was most relieved when they ended 

0     1     2     3     

10 I felt that I had nothing to look forward to 0     1     2     3     

11 I found myself getting upset rather easily 0     1     2     3     

12 I felt that I was using a lot of nervous energy 0     1     2     3     

13 I felt sad and depressed  0     1     2     3     

14 I found myself getting impatient when I was delayed 
in any way (eg, elevators, traffic lights, being kept 
waiting) 

0     1     2     3     

15 I had a feeling of faintness  0     1     2     3     

16 I felt that I had lost interest in just about everything 0     1     2     3     

17 I felt I wasn't worth much as a person 0     1     2     3     

18 I felt that I was rather touchy  0     1     2     3     

19 I perspired noticeably (eg, hands sweaty) in the absence of 
high temperatures or physical exertion 

0     1     2     3     

20 I felt scared without any good reason 0     1     2     3     

21 I felt that life wasn't worthwhile  0     1     2     3     
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Reminder of rating scale: 

0 Did not apply to me at all 

1 Applied to me to some degree, or some of the time 

2 Applied to me to a considerable degree, or a good part of time 

3 Applied to me very much, or most of the time 

22 I found it hard to wind down         0   1 2 3 

23 I had difficulty in swallowing 0 1 2 3 

24 I couldn't seem to get any enjoyment out of the things I did 0 1 2 3 

25 I was aware of the action of my heart in the absence of physical 
exertion (eg, sense of heart rate increase, heart missing a beat) 

0 1 2 3 

26 I felt down-hearted and blue 0 1 2 3 

27 I found that I was very irritable 0 1 2 3 

28 I felt I was close to panic 0 1 2 3 

29 I found it hard to calm down after something upset me 0 1 2 3 

30 I feared that I would be "thrown" by some trivial but 
unfamiliar task 

0 1 2 3 

31 I was unable to become enthusiastic about anything 0 1 2 3 

32 I found it difficult to tolerate interruptions to what I was doing 0 1 2 3 

33 I was in a state of nervous tension 0 1 2 3 

34 I felt I was pretty worthless 0 1 2 3 

35 I was intolerant of anything that kept me from getting on 
with what I was doing 

0 1 2 3 

36 I felt terrified 0 1 2 3 

37 I could see nothing in the future to be hopeful about 0 1 2 3 

38 I felt that life was meaningless 0 1 2 3 

39 I found myself getting agitated 0 1 2 3 

40 I was worried about situations in which I might panic and 
make a fool of myself 

0 1 2 3 

41 I experienced trembling (eg, in the hands) 0 1 2 3 

42 I found it difficult to work up the initiative to do things 0 1 2 3 

 

171 



  

情緒自評量表 

填表說明： 

請小心閱讀以下每一句子，並在其右方圈上一數字，表示在「過往一星期」如何適用於你。請不要花太     多
時間在某一句子上。 

 

評估量表： 

0 = 不適用 

1 = 頗適用，或間中適用 

2 = 很適用，或經常適用 

3 = 最適用，或常常適用 
 

1. 我發覺自己為很細微的事而煩惱 0 1 2 3 

2. 我感到口乾 0 1 2 3 

3. 我好像不能再有愉快、舒暢的感覺 0 1 2 3 

4. 我感到呼吸有困難 （例如呼吸過促，氣喘） 0 1 2 3 

5. 我真的好像提不起勁 
 

0 
 

1 
 

2 
 

3 

6. 我對事情往往作出過敏反應 0 1 2 3 

7. 我感到身體打震（如有腳軟的感覺） 0 1 2 3 

8. 我感到很難放鬆自己 0 1 2 3 

9. 我發覺自己在某些場合非常緊張， 

極渴望立刻離開，鬆一口氣 

0 1 2 3 

10. 我覺得自己沒有甚麼可盼望將來 
 

0 
 

1 
 

2 
 

3 

11. 我發覺自己很容易感到不快 0 1 2 3 

12. 我覺得自己消耗很多精神 0 1 2 3 

13. 我感到憂愁悲哀 0 1 2 3 

14. 若受到阻延（例如交通擠塞），我會感到很不耐煩 0 1 2 3 

15. 我有暈眩的感覺 0 1 2 3 

16. 我感到對所有事情都失去興趣 0 1 2 3 

17. 我覺得自己不怎麼配做人 0 1 2 3 

18. 我發覺自己很容易被觸怒 0 1 2 3 
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評估量表： 

0 = 不適用 

1 = 頗適用，或間中適用 

2 = 很適用，或經常適用 

3 = 最適用，或常常適用 
 

19. 我無故流汗（例如手腳冒汗) 0 1 2 3 

20. 我無緣無故地感到害怕 0 1 2 3 

21. 我感到生命沒有價值 0 1 2 3 

22. 我覺得很難讓自己安靜下來 0 1 2 3 

23. 我感到吞嚥困難 0 1 2 3 

24. 我覺得不能從所作的事取得樂趣 0 1 2 3 

25. 我平時也感覺到心跳或心律不正常 0 1 2 3 

26. 我感到憂鬱沮喪 0 1 2 3 

27. 我感到自己很容易煩躁 0 1 2 3 

28. 我感到快要恐慌了 0 1 2 3 

29. 受了刺激後，我感到很難去平伏自己 0 1 2 3 

30. 我害怕被一些瑣碎而不熟識的事情難倒 0 1 2 3 

31. 我對任何事也不能熱衷 0 1 2 3 

32. 我很難忍受工作時的障礙 0 1 2 3 

33. 我神經緊張 0 1 2 3 

34. 我覺得自己很無價值 0 1 2 3 

35. 我無法容忍那阻礙我繼續工作的事情 0 1 2 3 

36. 我感到驚惶 0 1 2 3 

37. 我對未來完全失去希望 0 1 2 3 

38. 我感到生命毫無意義 0 1 2 3 

39. 我感到忐忑不安 0 1 2 3 

40. 我憂慮一些令自己恐慌或出醜的場合 0 1 2 3 

41. 我感到顫抖（例如手震） 0 1 2 3 

42. 我感到很難去開始工作 0 1 2 3 

 
173 



FertiQoL International 

 

  

© European Society of Human Reproduction & Embryology and American Society of Reproductive Medicine 

 
 
 

 
 
Fertility Quality of Life Questionnaire (2008) 
 

For each question, kindly check (tick the box) for the response that most closely reflects how you think and feel. 

Relate your answers to your current thoughts and feelings. Some questions may relate to your private life, but they are 
necessary to adequately measure all aspects of your life. 

Please complete the items marked with an asterisk (*) only if you have a partner. 

 For each question, check the response that is closest to your 

current thoughts and feelings 
Very Poor Poor 

Neither Good 

nor Poor 
Good 

Very 

Good 

A How would you rate your health?      

 For each question, check the response that is closest to your 

current thoughts and feelings 

Very 

Dissatisfied 
Dissatisfied 

Neither Satisfied 

Nor Dissatisfied 
Satisfied 

Very 

Satisfied 

B Are you satisfied with your quality of life?      

 For each question, check the response that is closest to your 

current thoughts and feelings 
Completely 

A Great 

Deal 
Moderately 

Not 

Much 
Not At All 

Q1 
Are your attention and concentration impaired by thoughts of 

infertility? 
     

Q2 
Do you think you cannot move ahead with other life goals and 

plans because of fertility problems? 
     

Q3 Do you feel drained or worn out because of fertility problems?      

Q4 Do you feel able to cope with your fertility problems?      

 For each question, check the response that is closest to your 

current thoughts and feelings 

Very 

Dissatisfied 
Dissatisfied 

Neither Satisfied 

Nor Dissatisfied 
Satisfied 

Very 

Satisfied 

Q5 
Are you satisfied with the support you receive from friends with 

regard to your fertility problems? 
     

*Q6 
Are you satisfied with your sexual relationship even though you 

have fertility problems? 
     

 For each question, check the response that is closest to your 

current thoughts and feelings 
Always Very Often Quite Often Seldom Never 

Q7 
Do your fertility problems cause feelings of jealousy and 

resentment? 
     

Q8 
Do you experience grief and/or feelings of loss about not being 

able to have a child (or more children)? 
     

Q9 
Do you fluctuate between hope and despair because of fertility 

problems? 
     

Q10 Are you socially isolated because of fertility problems?      

*Q11 
Are you and your partner affectionate with each other even 

though you have fertility problems? 

 

 

 

 

 

 

 

 

 

 

Q12 
Do your fertility problems interfere with your day-to-day work or 

obligations? 
     

 

Q13 
Do you feel uncomfortable attending social situations like 

holidays and celebrations because of your fertility problems? 

 
 

 
 

 
 

 
 

 
 

Q14 
Do you feel your family can understand what you are going 

through? 
     

 

 

 

 

 

 

 

 

 

Appendix D: Fertility Quality of Life Questionnaire (English & Chinese) 
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Fertility Quality of Life Questionnaire (2008) 
 

For each question, kindly check (tick the box) for the response that most closely reflects how you think and feel. 

Relate your answers to your current thoughts and feelings. Some questions may relate to your private life, but they are 

necessary to adequately measure all aspects of your life. 

Please complete the items marked with an asterisk (*) only if you have a partner. 

 
 

For each question, check the response that is closest to your 

current thoughts and feelings 

An 

Extreme 

Amount 

 
Very Much 

A Moderate 

Amount 

 
A Little 

 
Not At All 

*Q15 
Have fertility problems strengthened your commitment to your 

partner? 
     

Q16 Do you feel sad and depressed about your fertility problems?      

Q17 
Do your fertility problems make you inferior to people with 

children? 
     

Q18 Are you bothered by fatigue because of fertility problems?      

*Q19 
Have fertility problems had a negative impact on your 

relationship with your partner? 
     

*Q20 
Do you find it difficult to talk to your partner about your feelings 

related to infertility? 
     

*Q21 
Are you content with your relationship even though you have 

fertility problems? 
     

Q22 
Do you feel social pressure on you to have (or have more) 

children? 
     

Q23 Do your fertility problems make you angry?      

Q24 
Do you feel pain and physical discomfort because of your fertility 

problems? 
     
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2008 生育生活质量问卷调查 

请针对每个问题选择最能贴切反映您所想所感的回答（在回答处方框中打勾）。将您的回答与您目前
的想法和感受联系起来。部分问题可能与您的隐私生活有关，但这是充分衡量您生活各方面的必要问

题。 

带星号（*）的项目，只有在您有伴侣的情况下才需要填写。 

 
请针对每个问题选择与您目前的想法和感受最为贴切的回答。 非常差 差 普通 好 非常好 

A 您如何评价您的健康状况？      

 
请针对每个问题选择与您目前的想法和感受最为贴切的回答。 非常不满意 不满意 

既非满意也非不
满意 满意 非常满意 

B 您对您的生活质量是否满意？      

 
请针对每个问题选择与您目前的想法和感受最为贴切的回答。 完全 很大程度 中度 轻度 完全不 

Q1 您的注意力和专注力是否受到不孕不育的想法的影响？      

Q2 
您是否认为由于生育问题的困扰，您不能在生活上继续前行和实 

现其它生活目标及计划？ 
     

Q3 您是否因为生育问题的困扰而感到筋疲力尽或疲惫不堪？      

Q4 您是否认为您有能力应对您的生育问题？      

 
请针对每个问题选择与您目前的想法和感受最为贴切的回答。 非常不满意 不满意 

既非满意也非不
满意 满意 非常满意 

Q5 您是否对朋友就您的生育问题所提供的支持感到满意？      

*Q6 尽管您有生育问题的困扰，您是否对您的性关系感到满意？      

 
请针对每个问题选择与您目前的想法和感受最为贴切的回答。 总是 很经常 比较经常 很少 从未 

Q7 您的生育问题是否为您带来妒忌或不满的情绪？      

Q8 
您是否就您不能生育孩子或者更多的孩子而存在悲伤及/或失落 

感？ 
     

Q9 您是否由于生育问题而在希望和失望的情绪中徘徊？      

Q10 您是否因为生育问题而在社交关系中处于孤立状态？      

*Q11 尽管您有生育问题，您和您的伴侣间是否仍充满感情？      

Q12 您的生育是否干扰到您的日常工作或职责？      

 

Q13 您是否因为您的生育问题而在出席度假或庆祝活动等社交场合
感到不适？ 

 

 
 

 
 

 
 

 
 

 

Q14 您是否认为您的家庭能够理解您正经历的一切？      
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请针对每个问题选择与您目前的想法和感受最为贴切的回答。 极度 非常 适度 轻度 完全不 

*Q15 生育问题是否增进了您对您的伴侣的承诺？      

Q16 您是否就您的生育问题而感到悲伤和抑郁？      

Q17 您的生育问题是否让您觉得自己不及有孩子的人士？      

Q18 您是否因为生育问题而受到疲劳的困扰？      

*Q19 生育问题是否对您与您的伴侣的关系带来了负面影响？      

*Q20 
您是否认为很难与您的伴侣就您关于不孕不育一事的感受进行交 

流？ 
     

*Q21 尽管您有生育问题，您是否对您与伴侣的关系感到满足？      

Q22 
您是否感到就您生育（或者生育更多）孩子一事有来自社会的压 

力？ 
     

Q23 您的生育问题是否让您感到生气？      

Q24 您是否因为您的生育问题而感到痛苦和身体不适？      
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