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Abstract:

Introduction:
Polycystic ovary syndrome (PCOS) is associated with a diverse range of endocrine,

metabolic and cardiovascular risk factors. Low vitamin D in PCOS is associated with
multiple cardiovascular risk factors and vitamin D replacement therapy has been suggested as
a promising alternative for the prevention and treatment of PCOS. Empagliflozin; a sodium-
glucose cotransporter 2 (SGLT2) inhibitor, has been shown to have several favourable effects
on inflammatory and cardiovascular risk factors in both type 1 diabetes mellitus (T1DM) and
type 2 diabetes mellitus (T2DM) patients and could potentially be a treatment option in
women with PCOS.

Methods:

The first study was a randomized, double-blind, placebo-controlled trial with an objective to
determine the effect of vitamin D supplementation on liver fibrosis markers. Forty
overweight and obese women with PCOS were randomization to either vitamin D 3200 1U
daily or placebo for 3 months. The second trial was a randomised open-label parallel study to
look at the effects of empagliflozin versus metformin on hormonal, metabolic and
cardiovascular risk factors in women with PCOS. Forty overweight and obese women with
PCOS were randomization to either empagliflozin 25mg or metformin 1500mg daily for 3

months.

Results:
For vitamin D treatment, there were significant reductions in individual liver fibrosis markers

[hyaluronic acid (HA), N-terminal pro-peptide type-111 pro-collagen (PIINP), tissue inhibitor
of metalloproteinase-1 (TIMP-1)] and their cumulative enhanced liver fibrosis (ELF) score
was associated with a significant improvement in alanine aminotransferase (ALT) levels in
patients randomized to vitamin D, whereas there were no changes in any of these parameters

in the placebo group. There were no changes in free androgen index (FALI), insulin resistance
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(Homeostasis model assessment-insulin resistance; HOMA-IR), other anthropometric,
inflammatory and body composition parameters in either group. There were no significant
changes in endothelial microparticles (EMPs) in the vitamin D group as compared to the
placebo group. In the second study, there were significant reductions in anthropometric and
body composition parameters in patients randomized to empagliflozin while patients on
metformin had significant increases in these parameters as compared to baseline. Between
groups comparisons at the end of the study showed that the percentage reductions in
anthropometric and body composition parameters were statistically significant in the
empagliflozin group as compared to the metformin group. There was significant reduction in
total testosterone levels in the metformin group only but not in the empagliflozin group.
There were no significant changes in FAI, HOMA-IR, reactive hyperaemic index (RHI),
fasting lipids and other hormonal and metabolic markers in both the groups. However, there
were significant increases in cluster of differentiation 54 (CD54) and cluster of differentiation
62 (CD62) microparticles in the empagliflozin group and cluster of differentiation (CD106)

microparticles in both the empagliflozin and metformin groups.

Conclusions:
Direct beneficial effects of vitamin D supplementation on markers of hepatic fibrosis were

seen in overweight and obese women with PCOS shown by a reduction in the ELF score and
its constituent liver fibrosis markers (HA, PIHINP, TIMP-1). However, vitamin D
supplementation did not improve endothelial function as suggested by no significant changes
in EMPs in the vitamin D group as compared to the placebo group. In the second trial,
empagliflozin improved anthropometric and body composition indices after three months of
treatment. However, there was significant increase in CD54 and CD62 microparticles after
empagliflozin and CD106 microparticles after both empagliflozin and metformin treatments
suggesting that the effects of empagliflozin and metformin could be partly mediated through

modulation of endothelial function. This research work suggests both vitamin D and SGLT2
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inhibition (empagliflozin) as potential treatment options in women with PCOS for improving

future cardiovascular risk.
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1 Chapter 1: Introduction:

1.1 Polycystic ovary syndrome:
1.1.1 Background:

Stein and Leventhal, in 1935, published a case series of seven women with varying degrees
of cystic ovaries, amenorrhea and hirsutism and were the first to provide the description of
polycystic ovary syndrome (PCOS) (1), though the findings of polycystic ovaries
(sclerocystic ovaries or cystic oophoritis) had already been suggested at least a century before
their interpretation (2-5).

PCOS is now acknowledged as the most common endocrine disorder of women in their
reproductive age (4). PCOS is composed of several key features, as characterized by
physiologic studies (6), such as enhanced gonadotrophin releasing hormone (GnRH) pulse
frequency and quantity (7), high androgen levels (8), high LH:FSH (Luteinizing hormone :
Follicle stimulating hormone) ratio (8, 9), insulin resistance and elevated insulin levels (10,
11), elevated anti-mullerian hormone (AMH) levels (12) and polycystic ovarian morphology
(1, 13). Additionally, PCOS women who had polycystic ovarian morphology were
consistently found to have elevated androgen levels and oligomenorrhea. Interestingly,
insulin and androgen levels were high in these women with polycystic ovarian morphology
even when their menstrual cycles were regular (14-16). However, the definition of PCOS has
been subjected to several revisions due to the advancement in ability to measure hormone
concentrations, development of ultrasonography and awareness of the role of insulin
resistance and metabolic abnormalities associated with it (4, 13, 17). Further clinical,
biochemical and endocrinological studies have revealed a range of underlying abnormalities
in patients having PCOS, and ovarian morphology is no longer an essential component for its

diagnosis (4).
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1.1.2 Defining PCOS:

In 1990, an international meeting was held at United States National Institutes of Health
(NIH) (18), where a group of investigators recommended that diagnostic criteria of PCOS
should include oligo-anovulation associated with hyperandrogenism (clinical and/or
biochemical); excluding other endocrinopathies which include hyperprolactinaemia, thyroid
dysfunction, Cushing’s syndrome, non-classical adrenal hyperplasia, drug-induced excess
androgen and androgen-producing tumours as well as pregnancy (19). However, in 2003,
European and American investigators attended a meeting at Rotterdam (Rotterdam
Consensus) and suggested that PCOS diagnosis should include at least two of the following
features: 1) oligo-anovulation, 2) hyperandrogenism (clinical and/or biochemical), 3)
Polycystic ovaries excluding other endocrinopathies as mentioned above (19, 20). In 2006,
androgen-excess society for PCOS (AE-PCOS) proposed a compromise approach and argued
that hyperandrogenism should be an integral part of PCOS diagnosis as it is an androgen
excess disorder. The other essential criterion could be either oligo-anovulation or polycystic
ovary morphology (4). Nevertheless, there was a general consensus that PCOS diagnosis
must be established on the presence of at least two of the following:

1) Chronic anovulation

2) Hyperandrogenism (clinical and/or biochemical)

3) Polycystic ovarian morphology

Table 1.1 explains and compares the diagnostic criteria for PCOS.
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Table 1.1: Diagnostic criteria for PCOS

NIH/NICHD Rotterdam  Criteria 2003 | Androgen Excess PCOS Society
(ASRM/ESHRE) 2006

Includes all of the following: Includes 2 of the following: Includes all of the following:

e Clinical or/and e Anovulation or oligo- e Clinical or/and biochemical
biochemical ovulation hyperandrogenism
hyperandrogenism e Clinical or/and biochemical | ¢ Polycystic ovaries and/or

e  Menstrual dysfunction hyperandrogenism ovarian dysfunction

e Polycystic ovaries

Abbreviations: NIH/NICHD (National Institutes of Health/National Institute of Child health and
Human disease); ASRM/ESHRE (American Society for Reproductive Medicine/European Society for
Human Reproduction and Embryology
Adapted from Endocrine Practice (21)

In a recent meeting, NIH research experts have revised the criteria and have suggested use of
broader ASRM/ESHRE 2003 diagnostic criteria but, in addition, included the detailed
description of PCOS phenotype (22). They have classified PCOS patients into four

phenotypes as summarized below in table 2.
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Table 1.2: PCOS phenotypes

Phenotype A HAn + OD + PCOM
Phenotype B HAn + OD
Phenotype C HAn + PCOM
Phenotype D OD + PCOM

Abbreviations: HAn (Hyperandrogenism), OD (Ovarian dysfunction), PCOM (Polycystic ovarian
morphology)
Adapted from Lizneva et. al. (23)

It has been suggested that dividing PCOS patients phenotypically has several practical
applications, for instance helping to distinguish PCOS patients who are at high risk of
metabolic dysfunction (phenotypes A and B). Secondly, it will be helpful for researchers to
categorize their study outcomes to specific PCOS phenotypes while conducting clinical trials,
which would be helpful in better understanding outcome variability in trials in the same
population (24).

Several PCOS suggestive features like multi-follicular ovaries and menstrual irregularities are
very common with normal pubertal transition to adulthood, and there is still no general
consensus about defining PCOS in adolescents (25-27). Therefore, clinicians and researchers
should be very careful about making a diagnosis of PCOS in this group and categorising them
into different phenotypes. Recently, the Endocrine society (28) and ESHRE/ASRM (29) have
published two sets of guidelines to define PCOS in adolescents. They suggested that PCOS
should be diagnosed on the basis of hyperandrogenism (clinical or biochemical) associated
with primary amenorrhea by age 16 years and/or persistent oligo-amenorrhea for at least 2
years after menarche and/or polycystic ovarian morphology (ovarian volume >10 cm®) after
exclusion of secondary causes. Similarly, the diagnosis of PCOS could be challenging in

peri-menopausal and postmenopausal women due to age related changes as most of them
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regain menstrual regularity; display normal serum androgen levels along with decrease in
ovarian volume and number of follicles which could ameliorate PCOS clinical presentation
(30-33). The Endocrine society guidelines (28) have suggested that these patients could be
diagnosed on the basis of previous medical history of menstrual irregularities plus high
androgen levels during the reproductive period as polycystic ovarian morphology is less
likely to be found in peri/postmenopausal women owing to age related changes, however, it
can be considered as a supportive sign.

Although obesity and insulin resistance are very common in patients having PCOS (34) and
play a vital role in the pathogenesis of excessive androgen production and enhancing
susceptibility to development of glucose intolerance and type 2 diabetes (T2DM), they are

not part of the diagnostic criteria (35).

1.1.3 Pathophysiology and aetiology of PCOS:

The fundamental underlying pathophysiological defect in PCOS is still not fully understood,
and these patients have various interrelated features such as hyperandrogenism, insulin
resistance and altered gonadotrophin dynamics (36). The most consistent feature of PCOS is
persistently high frequency GnRH pulsatile release and disordered gonadotrophin secretion
associated with raised LH and low or normal FSH levels (19, 37). The current understanding
of PCOS involves multiple factors including genetic, environmental, foetal and metabolic
have been implicated in its pathophysiology (38, 39) and several theories have been

suggested to explain it. Figurel.1. (Adapted from Dumesic et al. (19))
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Figure 1.1: PCOS pathophysiology

There is an intrinsic defect in ovarian androgen production due to neuroendocrine
defects resulting in enhanced amplitude and pulse frequency of LH with relatively
low FSH and insulin resistance associated with compensatory hyperinsulinaemia.
There is also excessive adrenal androgen secretion due to altered cortisol
metabolism.

Abbreviations: SHBG, Sex hormone binding globulin; LH, Luteinizing hormone;
FSH, Follicle stimulating hormone; 1, increase; |, decrease; T, Testosterone; E,
Estradiol.

In order to establish the genetic basis of PCOS, the initial evidence came from the familial
aggregation study done by Cooper et al. in 1968 (40, 41). The studies on the cultured cells
from PCOS patients have revealed that the defects in insulin sensitivity in their skin
fibroblasts and augmented androgen secretion from their theca cells persevered even after
over several passages (42). The genes in PCOS related to metabolism, obesity, insulin
resistance, beta cell dysfunction, ovarian androgen production and folliculogenesis have been
studied using a candidate approach technique (42, 43). Family based studies suggested an
autosomal dominant inheritance pattern with a high prevalence of PCOS related traits in

siblings (44). The siblings of PCOS-probands were suggested to more likely be affected with
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symptoms and signs of PCOS (menstrual irregularities and hirsutism in PCOS females and
male pattern baldness in male family members), with higher rates of metabolic abnormalities
in first-degree relatives especially insulin resistance, beta cell dysfunction, dyslipidaemia and
metabolic syndrome (19). Later, it was suggested that a single gene might be responsible for
the high prevalence of signs and symptoms in first-degree relatives of PCOS patients (45). In
addition, family members (sisters and mothers) of women with PCOS were found to have a
higher prevalence of insulin resistance, hyperandrogenism and metabolic syndrome as
compared to the family members of women who did not have PCOS (age and BMI matched),
suggesting genetic susceptibility to these defects (46-49). The evidence was further supported
by twin studies, where PCOS heritability was assessed in mono and dizygotic twin pairs and
it was proposed that 72% of the variance in PCOS risk has a genetic basis (50, 51). In order
to establish PCOS risk genes, researchers initially used a candidate gene analysis technique,
which although it pointed out several promising genes related to PCOS susceptibility, not one
gene has been successfully identified as causative for PCOS across all studies (19, 52). Some
of the genes identified and replicated by this technique in family based and case control
studies were fibrillin-3 gene (53-55), insulin-receptor gene, insulin-receptor substrate-1 (IRS-
1) (56), the fat mass and obesity-associated gene (FTO) (57-59), calpain-10, FSH receptor
and SHBG gene (52, 60). The application of this technique has been found to be unsuccessful
in complex diseases, with reasons cited for lack of replication of these genes being
incomplete candidate gene coverage and small sample size, which could result in false
negative or false positive findings. It has also been suggested that the technique lacks the
capability of finding novel genes or rare variant genes, and can only be useful if there is an a
priori hypothesis about a gene’s involvement in the disease aetiology (19, 52).

Genome-wide association studies (GWAS) have been very successful in establishing strong

associations between PCOS and several genes. The first GWAS reported for PCOS was

Page 23 of 255



published by Chinese researchers who identified candidates within three loci that were
significantly associated with PCOS: LH receptor, FSH receptor and DENNDZ1A genes on
chromosome 2 and thyroid adenoma associated (THADA) gene on chromosome 9 (61). Only
a few of them, notably DENND1A and THADA, have been replicated in European studies
(62, 63). Further, GWAS has led to the discovery of almost 16 loci having significant
association with PCOS pathophysiology. The loci identified have genes with distinct roles
either in metabolic or reproductive dysfunction, as is found in PCOS patients (40). These
findings promise better understanding of PCOS pathophysiology with future incorporation of

genetic testing in early disease prediction, diagnosis and treatment.

1.1.4 Prevalence of PCOS:

PCOS has been recognized as one of the most prevalent endocrine/metabolic disorders. The
first evidence related to PCOS prevalence ranging from 4% - 6.6% came from two studies
(64, 65) done in USA using NIH 1990 criteria. Subsequently, several epidemiological studies
reported PCOS prevalence in various populations using multiple diagnostic criteria and
worldwide prevalence of PCOS has been reported between 4% and 21% (66-78). The
prevalence of PCOS reported in these studies partly depends on the diagnostic criteria used.
For example, the prevalence ranges between 5-10% according to NIH 1990 criterion, 10-15%
according to AE-PCOS 2006 criterion and 6-21% according to ASRM/ESHRE 2003 criterion
(23). The higher prevalence of PCOS by using either Rotterdam 2003 or AE-PCOS 2006
criteria as compared to NIH 1990 criterion is mainly attributed to their wider definition and
recruitment of additional phenotypes of PCOS. But overall the use of NIH 1990 criterion is

associated with diminished variability in PCOS prevalence across countries (23).

1.2 Cardiovascular risk factors in PCOS:

There is increasing evidence to suggest that PCOS is associated with high cardiovascular (CV)

risk as compared to age matched controls. Studies have shown more extensive coronary
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artery disease and seven times higher risk of myocardial infarction (MI) in these patients as
compared to healthy controls (79, 80). There are several underlying cardiovascular risk

factors associated with PCOS patients as is discussed below.
1.2.1 Clinical risk factors:
1.2.1.1 Obesity and metabolic syndrome:

The features of metabolic syndrome, which is a constellation of several cardiovascular risk
factors especially central obesity, dyslipidaemia, impaired fasting glucose and elevated blood
pressure, are highly prevalent in women with PCOS (65, 81). The relationship between
obesity and PCOS is still not well understood, but obesity is a common finding in patients
with PCOS and it is suggested to worsen many of its metabolic and reproductive features (82).
Between 40-85% of PCOS patients are either overweight or obese compared to healthy age-
matched controls with a greater waist-hip ratio (83). Furthermore, studies have shown that
50-70% of PCOS patients are associated with an android fat distribution, regardless of BMI,
which in turn contributes to the increased prevalence of metabolic abnormalities, especially
impaired glucose tolerance, insulin resistance, type 2 diabetes, hypertension, dyslipidaemia
and abnormal platelet activity (83, 84). Interestingly, insulin has been acknowledged as a
central link among these coexisting abnormalities which, along with visceral obesity, affects
both obese and lean women with PCOS, putting them at high risk of developing
cardiometabolic abnormalities independent of obesity (81, 85). Weight loss is crucial for
overweight/obese PCOS women given the fact that obesity substantially increases the
severity of clinical features related to PCOS (Table 3). Studies have shown that even 5-10%

weight loss improves symptoms and endocrine profiles in PCOS (86).
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Table 1.3: Deleterious effects of obesity in women with PCOS

Androgenic Metabolic features Reproductive features & outcomes
features
Increased severity of: e 7 Insulin resistance & e 1 Menstrual irregularities
e Androgen secretion hyperinsulinaemia e 7 Subfertility
e Acne e 1 Type 2 diabetes e 1 Gestational diabetes & pre-eclampsia
e  Hirsutism e 1 Dyslipidaemia e 1 Preterm birth & birth-weight
Reduced SHBG levels e 1 chances of caesarean sections
Adapted from: (87, 88)

1.2.1.2 Hypertension:

Systemic arterial hypertension, generally, has been shown to be very common in patients
with PCOS. Several studies have suggested up to 40% prevalence of hypertension in PCOS
and have proposed insulin resistance as the main underlying potential determinant of such a
high prevalence (89). Studies have also demonstrated an inverse relationship between systolic
arterial hypertension and insulin sensitivity in PCOS patients. Though, it remains
controversial whether hypertension is associated with PCOS independent of obesity; evidence
suggests that early detection and subsequent treatment of hypertension in women with PCOS
decreases future risk of having cardiovascular disease (90).

One of the mechanisms suggested is hyperinsulinaemia associated with insulin resistance
stimulates ovaries to produce excessive androgens, which may directly regulate the renin-
angiotensin system and thus increase extracellular volume and blood pressure (89, 91, 92).
However, obesity is a significant risk factor for hypertension, common in women with PCOS,
which has not been accounted for in many studies and whether the BMI has been adjusted for
in the data is not always transparent (90, 93). Similarly, it is very important to analyse the
data critically, as in several studies that have demonstrated a high prevalence of hypertension

in women with PCOS, these women were not matched in terms of race and ethnicity, or the
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studies were done in post-menopausal women who had undergone ovarian wedge resection

that may also have altered the results (90).

1.2.1.3 Obstructive sleep apnoea/Sleep-disordered breathing:

Obstructive sleep apnoea (OSA) has been suggested to have a significantly higher prevalence
in adult women with PCOS compared to women without the disorder and therefore screening
for OSA has been recommended in PCOS patients (94). Although, the underlying
pathophysiological mechanism for such a high prevalence of OSA in PCOS has not been well
established, three features of PCOS, including obesity, insulin resistance and
hyperandrogenism, have been suggested to contribute to this effect (28). There is no causal
relationship between insulin resistance and OSA; however, several trials have established an
association between insulin resistance and OSA (95).In a cohort study, OSA,
apnoea/hypopnea index, oxygen desaturation index and minimal oxygen saturations were
independently associated with insulin resistance over an 11-year follow-up period even after
adjustment for age, baseline BMI and hypertension (96). Further, studies in healthy lean men
established OSA to be associated with insulin resistance even in the absence of obesity (97).
However, the high prevalence of OSA in PCOS could not be explained fully on the basis of
above mentioned three factors only. As, in some studies sleep apnoea did not correlate with
BMI and women with PCOS were found to have 9 times higher occurrence of day time
sleepiness and 30 times higher prevalence of sleep-disordered breathing as compared to
controls even after adjusting for BMI (28). Similarly, several other studies in women with
PCOS had found to have a significantly higher prevalence of sleep related disorders
compared to their BMI-matched controls (98, 99). Lower estradiol levels have been reported
to be associated with poor sleep quality among post-menopausal women and progesterone is
thought to promote direct stimulation of respiratory drive to both hypercapnea and

hypoxia (100) and therefore, reduce airway resistance by increasing upper airway dilator
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muscle activity (101). As women with PCOS have low circulating progesterone
concentrations which may contribute to the high prevalence of OSA. Furthermore, women
with PCOS taking oral contraceptives had been shown to have less sleep-disordered breathing
(102). Likewise, hormone replacement therapy was associated with a lower likelihood of
sleep disordered breathing among postmenopausal women (103). Lastly, the mean apnoea-
hypopnea index was significantly higher in PCOS women (22.5 £ 6.0 vs. 6.7 £ 1.7; P<0.01)
as compared to weight-matched controls that is not completely explained by presence of
obesity only suggesting the interplay of multiple other factors in addition to obesity (103).

1.2.2 Biochemical risk factors:

1.2.2.1 Hyperandrogenism:

It has been shown that women with PCOS have elevated cardiovascular risk despite their
young age and one of the underlying factors might be the excessive production of androgens
in these patients (104). Recent studies have demonstrated that hyperandrogenism in PCOS
women is associated with atherosclerosis and increased cardiovascular risk as compared to
controls (105). Biochemical hyperandrogenism in women is determined when total
testosterone or free androgen levels are greater than the upper limit of the normal range.
Clinical hyperandrogenism (in the absence of biochemical hyperandrogenaemia) is
determined with the combination of hirsutism, excessive male-type hair growth, acne or
androgenic alopecia. Hirsutism is assessed by using the Ferriman and Gallwey scoring
system, where a score of >8 indicates hirsutism (106). Almost 60% of women diagnosed with
PCOS have been found to have hirsutism.

Hyperandrogenism in women with PCOS results from both the ovaries and adrenal glands.
Furthermore, low circulating levels of sex hormone binding globulin (SHBG) in these
patients increase, and thereby worsen, hyperandrogenaemia, which is exacerbated in
overweight and obese women due to obesity-induced hyperinsulinaemia, which further

inhibits SHBG production (87). The chief circulating androgens in women are
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dehydroepiandrosterone  sulphate ~ (DHEAS),  dehydroepiandrosterone  (DHEA),
androstenedione, testosterone and dihydrotestosterone (DHT) in descending order of their
serum concentration. Most of the androgenic effects are induced by testosterone and its
biologically active metabolite DHT, as the first three androgens require conversion to
testosterone and DHT to induce their androgenic effects (pro-androgens). Only 1-2% of
testosterone in the circulation is unbound and thus biologically active as the majority of
androgens are bound to carrier proteins predominantly SHBG and albumin (107). Therefore,
measurement of the free androgen index (FAI) (calculated by Total Testosterone/SHBG x
100) is of importance when determining androgenic potential and effects. The FAI
calculation is considered to be a more reliable measurement for androgen excess due to

significant technical difficulties in measuring free testosterone levels (108).

1.2.2.2 Insulin resistance and impaired glucose metabolism in PCOS:

Insulin is secreted by pancreatic B-cells after a meal in response to increased serum levels of
glucose and amino acids. Insulin helps the body in maintaining glucose homeostasis and in
promoting effective glucose utilisation (109). Insulin is known to be a potent anabolic
hormone that stimulates glucose oxidation, inhibits lipid-oxidation, and augments lipogenesis
and glycogenesis. Insulin exerts its action after binding to its specific insulin receptor, which
are present in almost every cell of the body, but their concentration varies in different cells,
with the highest density being on adipocytes and hepatocytes (110). The insulin receptor is a
transmembrane receptor that belongs to the class of tyrosine kinase receptors. It is comprised
of two extracellular a-subunits that are each connected to transmembrane B-subunits by
disulphide bonds. The alpha subunits have the insulin binding sites whereas beta subunits
possess the tyrosine kinase activity (Figure 1.2 Adapted from (111, 112) ). The gene for the

insulin receptor is located on the short arm of chromosome 19 in humans (113).
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Figure 1.2: Insulin signalling pathways

Legend: Abbreviations: Akt/PKB, protein kinase B; ATP, adenosine triphosphate; IR,
insulin receptor substrate; ADP, adenosine diphosphate; MAP kinase, mitogen activated
protein kinase; PI3K, phosphatidylinositol 3-kinase; PIPD1 & 2, phosphatidylinositol
dependent protein kinases 1 & 2 glucose-dependent insulinotropic polypeptide; PKC,
protein kinase C; RAS, rat sarcoma protein; GLUT 4, glucose transport protein 4; SHC,
adaptor protein with src-homology.

After the insulin is released from pancreatic beta cells, it binds to cell surface insulin
receptors and initiates a complex series of intracellular events that lead to enhanced glucose
uptake, glycogen production, and fat storage (114). Tyrosine kinase mediates the insulin
response through phosphorylation of tyrosine residues on intracellular endogenous target
proteins such as insulin receptor substrates (IRS) 1 and 2. This leads to activation of targeted
internal proteins, including PI3K (phosphatidylinositol 3-kinase). PI3K then stimulates

downstream protein kinases, particularly protein kinase B (Akt/PKB), which ultimately leads
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to increased translocation of glucose transporter 4 (GLUT4) molecules to the cell membrane
and subsequently enhanced insulin-mediated glucose uptake into cells. The same cascade also
leads to reduced lipolysis of fat cells by insulin mediated inhibition of hormone sensitive
lipase (HSL) via intracellular reduction in cyclic adenosine 3°, 5’- monophosphates (CAMP).
It also results in increased glycogen synthesis by deactivating glycogen synthase kinase3
(GSK3), which in turn fails to deactivate glycogen synthase (GS). In addition, insulin
suppresses genes involved in fatty acid synthesis, induces those involved in lipogenesis and

exerts an effect on adipocyte differentiation (115).

1.2.2.2.1 Insulin sensitivity & glucose tolerance:

Insulin encourages the uptake, metabolism and storage of glucose by acting on the cells
throughout the body. Insulin has variable effects on glucose metabolism that depend upon the
target tissue. In the liver, insulin promotes storage of glycogen and decreases glucose
production by inhibiting gluconeogenesis and glycogenolysis. In adipose and muscle tissue,
insulin enhances the uptake, storage and utilization of glucose. Insulin also decreases the
circulating levels of free fatty acids by inhibiting lipolysis in the muscle and adipose tissue
and by promoting lipid synthesis in the liver and adipose tissue (34, 116). There are certain
factors that have independent effects on insulin sensitivity, such as body fat distribution,
obesity and muscle mass. Impaired insulin sensitivity (insulin resistance) is defined as a
reduced ability of insulin to mediate its metabolic activities on glucose production, uptake
and lipolysis that results in an increased requirement for the amount of insulin to achieve
euglycaemia (34). This leads to compensatory hyperinsulinaemia due to increased production
and secretion of insulin by the pancreas, characteristic of insulin resistance. Although there is
compensatory hyperinsulinaemia, glucose levels rise slightly, though stay within the normal

range before reaching the diagnostic criteria for impaired glucose intolerance.
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Obesity, lack of physical activity and genetic aspects are important risk factors underlying
insulin resistance. Moreover, insulin resistance is closely linked with major public health
issues, especially obesity, metabolic syndrome, hypertension, dyslipidaemias and
cardiovascular disorders. Impaired fasting glucose (IFG) and impaired glucose tolerance
(IGT) are intermediate metabolic states between euglycaemia and diabetes, but are known
risk factors for future diabetes and cardiovascular disease development (117).

The development of type 2 diabetes originates mainly from insulin resistance emerging in
adipose and muscle tissues, resulting in decreased uptake of glucose from blood associated
with an initial compensatory increased production of insulin from pancreatic p-cells.
Therefore, type 2 diabetes is considered as a metabolic disorder characterized by chronic
hyperglycaemia due to defects in insulin secretion or action, or both (118). The World Health
Organization (WHO) criteria for diagnosing IFG; IGT and diabetes are shown below in table

14.
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Table 1.4: WHO criteria 2006 for diagnosing IFG, IGT and diabetes

Diagnosis Glucose concentration in plasma (mmol/l)

Diabetes mellitus
Fasting glucose >17.0

2-hour glucose >11.1

Impaired glucose tolerance
Fasting glucose <7.0

2-hour glucose >7.8and<11.1

Impaired fasting glycaemia
Fasting glucose 6.1t06.9

2-hour glucose <78

(World Health Organization 2006)
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1.2.2.2.2 Insulin resistance/sensitivity assessment:

The best technique of quantifying insulin sensitivity in PCOS is still unclear because insulin
resistance is influenced by several factors, especially stress, ageing and obesity, and is related
to genetic and ethnic variability. The two methods considered to be the gold standards for
assessing insulin sensitivity are the hyperinsulinaemic euglycaemic clamp (HEC) and the
frequently sampled intravenous glucose tolerance test (IVGTT) (119). In the HEC, the M-
value is used to measure insulin sensitivity that is defined as the insulin stimulated glucose
disposal rate. The insulin sensitivity index (ISI) is then measured after a defined period
(usually 20-30 minutes) of the HEC by dividing the average M-value by average plasma
insulin levels. The alternative way of calculating insulin resistance is by calculating the
disposition, which is determined by multiplying the acute insulin response to glucose (AIRQ)
and insulin sensitivity index (120).

Although, these tests are considered as the gold standards for assessing insulin resistance,
they are expensive, time consuming and they are labour intensive, which led to the
development of a simplified approach for insulin sensitivity quantification. In contrast to
these dynamic approaches, insulin resistance was expressed using steady-state calculations of
insulin sensitivity such as determining fasting insulin levels, fasting glucose to insulin ratio,
the homeostasis model assessment-insulin resistance (HOMA-IR), that is defined as insulin
pmol/L x glucose mmol/L /22.5 (121), and a recently established technique called QUICKI
(quick insulin sensitivity check index), calculated as 1/(log [insulin]) + log [glucose]) (122).
Whilst, HEC is a gold standard technique for determining insulin resistance, a fasting glucose
to insulin ratio >4.5 delivered a sensitivity of 95% and specificity of 84% and was

recommended as a screening tool for predicting insulin resistance (123).
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The HOMA-IR model has proven to be a robust clinical and epidemiological instrument for
the insulin resistance calculation. HOMA-IR is also very a helpful assessment tool in
situations where only the fasting insulin and glucose values are available, especially in large
epidemiological studies. Similarly, QUICKI has been shown to have a considerably better
linear correlation with insulin sensitivity assessments by glucose clamp techniques than other

minimal-model evaluations, especially in diabetes and obese subjects (122).

1.2.2.2.3 Insulin resistance an independent risk factor in PCOS:

Almost 60-80% of all women with PCOS have some level of insulin resistance that appears
to be important in PCOS development and is thought to be an independent risk factor for
cardiovascular disease (124, 125). It has been demonstrated that older and obese PCOS
women have more severe insulin resistance that has a greater prevalence in those having
biochemical hyperandrogenism associated with a family history of diabetes even after
matching for age and BMI. The data regarding the role of insulin resistance in non-obese
PCOS patients is still conflicting and remains unclear (126).

The underlying pathophysiology of insulin resistance in PCOS is complex and multifactorial
and has been suggested to be related to insulin secretion, its action or clearance. The vital
feature of PCOS is selective resistance to insulin effects upon glucose metabolism, especially
in adipose and muscle tissues. Several studies have reported a post receptor insulin signalling
defect between glucose transport and a receptor kinase in the skeletal muscle as the main
underlying aetiology for insulin resistance in PCOS, which is independent of BMI, metabolic
derangement and hyperandrogenism (127, 128). Furthermore, reduced suppression of hepatic
glucose production has been observed in obese PCOS women, and the fact that insulin
resistance is clustered in PCOS families suggests the role of both obesity and genetics in

influencing insulin resistance in these patients (129).
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Studies have also suggested an intrinsic pancreatic beta cell function defect in PCOS women
as an independent predictor of insulin resistance and androgen levels. The NHANES 11l (The
National Health and Nutrition Examination Study) demonstrated a considerably stronger
relationship between insulin resistance and an intrinsic beta cell defect in PCOS women
compared to controls (130). But the data is conflicting, as other studies have shown intact
beta cell function and adaptation in all women with PCOS (131, 132). Similarly, the data
related to abnormal metabolic insulin clearance in PCOS is controversial, as in one study
insulin diminished in hyperinsulinaemic PCOS patients independent of their BMI, but no

such change was observed in other studies (133, 134).

1.2.2.2.4 Impaired glucose tolerance and cardiovascular risk in PCOS:

60-80% of PCOS women suffer from insulin resistance associated with compensatory
hyperinsulinaemia that plays a vital role in its pathogenesis, independent of obesity (135).
Insulin resistance has been acknowledged as a key risk factor for the development of type 2
diabetes and this concept is supported by several clinical trials showing PCOS is linked to a
higher prevalence of impaired glucose tolerance, type 2 diabetes and gestational diabetes
mellitus (GDM) (35, 136, 137). Moreover, in PCOS women, a positive correlation has been
shown between insulin resistance and FAI, C-reactive protein (CRP) and triglyceride levels
with a negative correlation to SHBG levels (138).

A recent meta-analysis has shown that in women with PCOS the odd ratios for IGT and type
2 diabetes are considerably enhanced as compared to their BMI matched controls and,
therefore, this has suggested that these patients should be screened for underlying glucose
intolerance using the oral glucose tolerance test (OGTT) as a screening tool (28). These
conditions have been shown to be more severe in overweight or obese PCOS women
compared to their BMI matched controls. However, even though the risk of IGT is further

augmented by obesity, lean PCOS women have also been shown to have increased rates of
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insulin resistance and IGT when compared with their BMI matched healthy controls in
several clinical trials (135, 139, 140).

Furthermore, the risk of impaired glucose tolerance and subsequent development of type 2
diabetes and cardiovascular risk have been demonstrated to vary among the different PCOS
phenotypes; lowest among the patients who have polycystic ovarian morphology with
anovulation but without hyperandrogenaemia, and highest among the patients who have
hyperandrogenaemia in addition to ovulatory dysfunction (141, 142). In addition, to having a
high risk of glucose intolerance and the subsequent development of type 2 diabetes; PCOS
women also have a high prevalence of developing GDM, revealed in a recent meta-analysis
that showed an increased odds ratio of 2.94 for PCOS and the development of GDM (143).
Similarly, large population-based studies have shown that PCOS women, especially those
with a previous history of GDM, have a twofold increased risk of developing GDM as

compared to controls (144, 145).

1.2.2.3 Impaired lipid metabolism:
Approximately 70% of women with PCOS have dyslipidaemia (146). The abnormal serum

lipid profile is similar to that observed in diabetic patients with elevated LDL and triglyceride
levels, low HDL levels and associated altered quality of LDL cholesterol (146). It has been
suggested that both hyperinsulinaemia and hyperandrogenism increase catecholamine-
induced lipolysis in adipocytes with subsequent release of free fatty acids into the circulation.
The increased free fatty acids then stimulate production of very low-density lipoprotein
(VLDL) in the liver, which finally leads to increased triglyceride levels (147). The severity of
the lipid abnormalities appears to vary according to the phenotype of PCOS, with the most
severe dyslipidaemia affecting the traditional variant, and less severe with other phenotypes
such as the ovulatory variant (148). Furthermore, it was found that lipoprotein(a) (also called

Lp(a)), an independent risk factor for atherosclerotic diseases, and small dense LDL-
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cholesterol were higher in the anovulatory PCOS subjects as compared to the ovulatory
variant. Insulin resistance was independently correlated with increased small dense LDL-
cholesterol and low HDL levels (148). The Androgen Excess—PCOS Society suggests a
complete lipid profile in all women with PCOS, including LDL-cholesterol, triglycerides,
HDL-cholesterol and non-HDL-cholesterol (149). It has been recommended further that
women with PCOS should be screened for dyslipidaemia for effective cardiovascular risk
prevention, as these lipid abnormalities are associated with PCOS regardless of BMI (150).

Insulin resistance, hyperandrogenism and anovulation can affect numerous steps in lipid
metabolism (151). The insulin resistance with subsequent hyperandrogenism in PCOS
enhances lipolysis in visceral adipocytes due to increased hormone sensitive lipase (HSL)
activity, while adipocyte triglyceride lipase (ATGL) activity is normal, which results in an
enhanced delivery of free fatty acids (FFA) to the liver, that then serve as a substrate for
triglyceride synthesis and results in greater VLDL-1 production (151). Additionally,
lipoprotein lipase (LPL) activity can be reduced by insulin resistance. Increased amounts of
triglyceride-rich lipoproteins result in enhanced formation of small dense LDL particles. In
addition, there is augmented cholesterylester transfer protein (CETP) mediated exchange of
cholesterol esters and triglycerides between apolipoprotein-B containing lipoproteins and
HDL-cholesterol. This leads to an escalation in triglyceride-enriched HDL that then leads to
additional modification by hepatic lipase, resulting in the formation of small HDL-3 particles.
In addition, there may be a delay in LDL-cholesterol particle clearance by means of
diminished expression of the LDL-receptors (151). These changes have been summarised in

figure 1-3 below:
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Figure 1.3: Lipoprotein metabolism in PCOS

Abbreviations. IR: insulin resistance; HAn: hyperandrogenism; AO: anovulation; TG: triglycerides;
DG: diglycerides; MG: monoglycerides; FFA: free fatty acids; VLDL: very low density lipoprotein;
VLDL-R: very low density lipoprotein-remnant; LDL: low density lipoprotein, HDL: high density
lipoprotein; apo A-1: apolipoprotein A-l, apo B: apolipoprotein B, MTP: microsomal transferprotein;,
sdHDL.: small dense high density lipoprotein; sdLDL: small dense low density lipoprotein; FC: free

cholesterol;

SR-B1: scavenger receptor Bl; CETP: cholesterylester transfer protein; PLTP:

phospholipids transfer protein; LCAT: lecithin:cholesteryl acyl transferase; LPL: lipoprotein lipase;
HL: hepatic lipase. ABCAL: ATP binding cassette A-l1, ABCG1: ATP binding cassette G1; FC: free
cholesterol; ATGL: adipocyte triglyceride lipase; HSL: hormone sensitive lipase; beta AR: beta

adreno receptor. (cited from (151))
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Lifestyle intervention is the treatment of choice for overweight and obese women with
PCOS. Even a 5% reduction in weight associated with a more active lifestyle modification
can improve many problems related to PCOS. Although the effects on plasma lipids are
limited, it is a safe intervention for young PCOS women who are planning to conceive (151,
152). However, in women who do not plan to become pregnant, supportive treatment with
anti-obesity medicines could be an option.

Based on cardiovascular disease data and related guidelines, lipid lowering treatments will
rarely be indicated in PCOS women. Nevertheless, other therapies related to PCOS can affect
lipid metabolism. The effects of several PCOS related drugs have been summarised below

in Table 1.5.
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Drug therapy
Lifestyle intervention
Metformin
Rosiglitazone
Pioglitazone
Spironolactone
Finasteride
Flutamide
Oral contraceptives
Clomiphene
Orlistat
Sibutramine
Simvastatin

Acipimox

Effects on plasma lipids

HDL-C 1

LDL-C |, HDL-C f or =

HDL-C tor=or |,LDL-C=or |, TG=

HDL-C 1, chol =, TG =

(HDL 1)
@)
TG | or=,LDL-C | or =
TG 1 or =, HDL-C ftor =, LDL-C=or | or

(TG 1)

TG |,apo B |
TG |, LDL-C |

TG |, LDL-C |, HDL-C =

Table 1.5: Effects of drug therapy on plasma lipids in PCOS
Abbreviations: apo B: apolipoprotein B; LDL-C: low density lipoprotein-Cholesterol, HDL-C: high
density lipoprotein-Cholesterol; TG: Triglyceride; | : decreased; 1t : increased; =: no change (adapted

from (151))

Page 41 of 255



1.2.2.4 Adipokines and pro-inflammatory factors (chronic inflammation):
Atherosclerosis is exacerbated by an underlying chronic inflammatory process. CRP (C-

reactive protein) is a marker of inflammation that is commonly quantified by a highly
sensitive technique, though its use in routine clinical practice is still not common. CRP
contributes to the vascular inflammation in addition to acting as a marker of inflammation,
and is produced by the liver in response to interleukin-6 (153). A chronic low-grade
inflammatory process is associated with persistent moderately elevated CRP concentrations,
though still within the normal range. As compared to other inflammatory markers including
LDL, CRP has been revealed as an independent risk factor for future cardiovascular events,
including myocardial infarction, coronary revascularization procedures, stroke and
cardiovascular death in asymptomatic subjects (154-156). Moreover, there is increasing
evidence that atherosclerotic lesions are a consequence of a series of extremely specific
responses at the cellular and molecular levels that result in inflammatory disease.
Additionally, inflammation plays a major role in predisposing individuals to plaque rupture
by weakening of the fibrous cap in coronary plaques, and thereby increasing the risk of
coronary thrombosis (157). In an in vitro study, it was suggested that CRP may a have direct
role in enhancing the inflammatory component of the atherosclerotic processes (158).
Increased levels of CRP have been shown to be associated with the metabolic syndrome,
obesity and cigarette smoking in several studies. Similarly, numerous trials have
demonstrated increased levels of CRP in women with PCOS as compared to their controls,
even after adjustment of their age and BMI (159, 160). The reports have also revealed
positive relationships between CRP levels and body weight, adipose tissue mass and insulin
resistance (159, 161, 162). Likewise, women with PCOS have been shown to have high
levels of other low grade chronic inflammatory markers such as cellular adhesion
molecules, including E-selectin, inter cellular adhesion molecules 1 (ICAM-1) and vascular

cell adhesion molecule 1 (VCAM-1) (159). Furthermore, levels of pro-inflammatory
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cytokines, especially interleukin-18, are elevated in women with PCOS, which stimulates the

synthesis of interleukin-6 (163).

1.2.2.5 Subclinical atherosclerosis:
The first measurable stage of atherosclerotic change is thickening of the arterial wall. The

measurement of common carotid intima-media thickness (carotid-IMT) by ultrasound is a
morphological marker used to assess early atherosclerotic changes (164). Carotid-IMT
measures the thickness of the two layers (intima and media) of the carotid arterial walls, the
largest conduits of blood supply to the brain (165). It has been shown in a recent meta-
analysis that increased carotid-IMT is an independent predictor for future cardiovascular
events, such as myocardial infarction and stroke (164). Reports indicate that increased
carotid-IMT is linked with obesity, metabolic syndrome and increasing insulin resistance in
young women with PCOS when compared with their matched control women (166, 167), in
addition to women with PCOS who are older than 40 years (168). Moreover, severe carotid
atherosclerotic changes, assessed by carotid plaque index of three or more, have been
observed in PCOS (7.2% of women with PCOS and 0.7% of their controls) (168, 169). The
extent of atherosclerotic changes in the cardiac arteries may be assessed by measuring
coronary artery calcification. The presence of coronary calcium is related to the presence of
coronary atherosclerosis, without the presence of any symptoms (165). Studies have shown
that women with PCOS have a considerably greater prevalence and extent of coronary and
aortic artery calcification as compared to age matched ovulatory control women (169, 170).
However, in one study, adjustment for BMI in PCOS predicted coronary calcification (169),
but not in another (170). Similarly, diastolic dysfunction is considered to be an early marker
of coronary artery disease and, in women with PCOS, several unfavourable changes in
diastolic function have been observed when compared with BMI matched control women,

suggesting women with PCOS may be likely to develop diastolic dysfunction (171).
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1.3 PCOS and non-alcoholic fatty liver disease:

1.3.1 Introduction:

Non-alcoholic fatty liver disease (NAFLD) comprises a spectrum of diseases that range from
simple steatosis to non-alcoholic steatohepatitis (NASH) and finally to cirrhosis (172, 173).
NAFLD is acknowledged as a principal cause of cryptogenic cirrhosis and is recognized as
the most common form of liver disease in the western world (174, 175). Hepatic steatosis
ensues as a result of anomalous lipid handling by the liver that sensitizes liver to injury and
then to inflammation, while NASH is categorized by increased injury and apoptosis of
hepatocytes (176). The changes seen in simple hepatic steatosis are usually benign and
reversible and which seldom progress to NASH, and carry only 1-2% risk of progressing to
hepatic cirrhosis (177). In contrast, NASH has high risk (up to 30%) of rapidly progressing to
fibrosis and subsequently to liver cirrhosis or hepatocellular carcinoma (177, 178). The
estimated median prevalence of NAFLD is 20% worldwide (approximately between 6.3-33%)
in the general population (179). However, the prevalence of NAFLD could increase up to 75%
in the presence of metabolic syndrome, obesity and type 2 diabetes mellitus. In addition,
several other risk factors could enhance the development of NAFLD such as impaired lipid
metabolism, male gender, increasing age, sleep apnoea syndrome, hypogonadism,
hypothyroidism and hypopituitarism (180, 181). It has been revealed in several longer follow
up studies that NAFLD patients have a 2.6 fold increased mortality risk as compared to the
general population (178, 182, 183). The diagnosis of NAFLD could be made by either
imaging or histology showing evidence of hepatic steatosis with the absence of other possible
causes of hepatic fat deposition, including hepatitis C infection, nutritional disorders, excess
alcohol consumption, teratogenic medication use and hereditary disorders (181).

PCOS has emerged as a substantial risk factor for NAFLD development in young women of

reproductive age (65). The metabolic and biochemical abnormalities in PCOS, such as
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obesity, insulin resistance, type 2 diabetes mellitus and hyperandrogenism further increase
that risk and subsequently increased future cardiovascular risk and liver related morbidity
(181).

1.3.2 Prevalence of NAFLD in PCOS:

The evidence linking PCOS and NAFLD was first published in 2005 and subsequent
retrospective studies confirmed this relationship (184). The prevalence of NAFLD in women
with PCOS depends on the diagnostic criteria used both for PCOS and NAFLD and is
estimated between 15-55%, with more in metabolic PCOS identified using NIH criteria (184,
185). A chart review in a retrospective study on adolescent women with PCOS showed a
prevalence rate of 15.4% of elevated aminotransferases (ALT). Similarly, another study
revealed that increased liver fat in obese and overweight adolescent girls with PCOS is
associated with worsening dyslipidaemia, growing abdominal adiposity, increasing age and
insulin sensitivity (186). It was also found in this study that the highest contribution to liver
fat development was age and total testosterone levels. However, the data related to
prevalence of NAFLD in lean women with PCOS is still controversial. Notably, NAFLD has
been found to affect only 5% of lean women with PCOS as compared to 28% of obese
patients (72). The available evidence is less clear on whether or not NAFLD is also more
prevalent in lean women with PCOS. In one study, the authors included both lean and obese
PCOS patients and found that 39% of lean women with PCOS had NAFLD, suggesting that
PCOS itself is a risk for the development of NAFLD independent of obesity (72). However,
two other trials (187) that included 17 young women with PCOS, as well as an additional
study that recruited 34 lean women with PCOS, have not demonstrated the same results when
compared to their appropriately matched lean controls. Some data propose that the prevalence
of NASH and advanced fibrosis do not vary significantly between lean and obese NAFLD

patients; however, the lean patients tend to have less severe disease at presentation (188).
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Further, it has been suggested that the underlying pathophysiology of lean NAFLD patients
may be quite different such as genetic predispositions, visceral obesity, fructose and
cholesterol-rich diets and dyslipidaemia (188).

Schwimmer et al reported a 30% risk of ALT elevation amongst a group of PCOS women
attending a fertility clinic. Another trial found only 15% of PCOS patients had elevated
aminotransferases, but they used a higher cut-off value for abnormal ALT (> 60 U/L) as
compared to the previous trial that used >35 U/L. The prevalence, however, increased to 28%
by applying the same ALT elevation criteria as used by Schwimmer et al (>35 U/L) (189).
Furthermore, one retrospective study revealed that 55% of PCOS women had hepatic
steatosis using ultrasound as the diagnostic modality, but there was no control group to
compare. The first prospective study that included a control group was done in Chile and
demonstrated a prevalence of hepatic steatosis in women with PCOS up to 41.5% using
ultrasound and only 19.4% in their matched controls (184, 190). ALT was elevated in 39% of
women with PCOS as compared to 3.2% of their controls.

Conversely, it has been shown that the presence of PCOS is also very common among
NAFLD patients attending liver clinics. It was found that reproductive aged women attending
these clinics had a PCOS prevalence of 71% that was confirmed using liver biopsy. The trials
have also shown (191) that biopsies in PCOS women revealed advanced fibrosis despite their
young age, suggesting that women with PCOS are at increased risk of developing more

advanced disease at an earlier age (185).

1.3.3 Evidence associating NAFLD to PCOS:

The evidence suggests that the main factors related to underlying NAFLD in women with
PCOS are obesity, especially central adiposity, and insulin resistance. There are several
clinical trials that have demonstrated significant elevation of ALT levels in PCOS women

and have revealed its substantial association with recognised risk factors such as obesity,
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waist circumference, age, SHBG levels, LDL-cholesterol, HDL-cholesterol, triglycerides and
the degree of insulin resistance, even though the techniques used to measure insulin
resistance differed (using QUICKI, HOMA-IR and by the gold standard euglycaemic clamp
technique) (192). Similarly, significant associations have been seen between indices
indicating hepatic steatosis, such as fatty liver index (FLI) and age, waist circumference,
obesity, LDL-cholesterol, HDL-cholesterol and insulin resistance. Furthermore, the studies
using imaging modalities to detect hepatic steatosis have also revealed substantial
relationships between age, waist circumference, obesity, SHBG, levels, LDL-cholesterol,
HDL-cholesterol, triglycerides and the magnitude of insulin resistance, as evaluated using
various techniques including HOMA-IR, QUICKI and euglycaemic insulin clamps (192, 193).
These findings have been further supported by the evidence suggesting that dietary and
lifestyle intervention in the form of exercise and weight loss have beneficial effects on
NAFLD in PCOS, either alone or in combination with pharmacological intervention,
especially metformin (193).

However, a question arises whether the high prevalence of NAFLD in PCOS is merely a
consequence of having shared risk factors or due to PCOS itself, as many of the features of
metabolic syndrome are also associated with the development of NAFLD in PCOS women,
with the prevalence reaching up to 100% in some studies (174, 193). The diagnosis of PCOS
has a substantial association with NAFLD as suggested by two studies that demonstrated this
independent relationship after adjustment for age, obesity, waist circumference and
dyslipidaemia (194). Since hyperandrogenism is the predominant feature of PCOS, further
evidence comes from the studies evaluating the putative role of androgens in NAFLD
development. These studies have shown that high levels of androgens in PCOS are
significantly associated with NAFLD development. One of the studies revealed significant

association of clinical hyperandrogenaemia, mainly hirsutism, with raised levels of ALT in
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seventy women with PCOS, though serum androgen levels were not measured in these
patients (189). A positive correlation has been shown between testosterone levels and FAI
and ALT levels in a case control study in overweight and obese women with PCOS when
compared to their matched controls. Similarly, another trial (195) has revealed that obese
PCOS women with high fatty liver index (FLI) values, suggesting NAFLD, were found to
have high levels of free testosterone levels as compared to those patients who had lower FLI
values. The same findings have been explained in a large-scale case control study in PCOS
women (196) even after adjustment of associated confounding factors such as impaired lipid
metabolism, insulin resistance and obesity. Furthermore, the trials that used imaging
modalities for NAFLD diagnosis in obese PCOS women have also shown a substantial
positive relationship between high testosterone levels and NAFLD prevalence. In one of the
trials, high FAI levels were significantly related to the diagnosis of NAFLD in both PCOS
women and their appropriate controls evaluated using ultrasound. Likewise another trial (197)
that used abdominal ultrasound for detecting NAFLD in obese PCOS women found a
positive correlation with increasing FAI values and an inverse relationship with SHBG levels
when compared to their age matched controls. Likewise, PCOS patients in a case control
study with high testosterone and FAI levels showed substantially high levels of liver fat as
compared to their PCOS controls with normal androgen levels. Interestingly, this finding
remained significant even after correction for insulin resistance, visceral and total adipose
tissues. In a recent study that used CT scan to detect hepatic fat content in obese and
overweight women with PCOS, the results revealed that high androgens and age are
independent risk factors for the development of NAFLD (186). In contrast, there are a few
small studies that have not reported any significant differences in androgen levels between
PCOS patients, with or without NAFLD (193). There are also findings revealing significantly

enhanced levels of apoptotic markers in the serum of PCOS women. These findings were
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confirmed with gold standard liver biopsy that revealed PCOS patients with NAFLD had
high levels of an apoptotic marker when compared to their BMI and age matched controls,
which suggest that PCOS women may have higher cell turnover (198). There are suggestions
that high androgen levels may stimulate the development of NAFLD in PCOS women, either
by direct effects on hepatic stellate cells or by indirectly through insulin sensitivity, and by
enhancing visceral adipose tissue deposition (198).

There are numerous susceptible genetic loci have been identified in women with PCOS
suggested to be associated with the development of NAFLD in these patients, but the
evidence is limited due to small sample size and use of diverse diagnostic criteria for PCOS
(199).

1.3.4 NAFLD associated cardiovascular risk:

The metabolic syndrome is very common in PCOS being seven times more frequent as
compared to the general population of the same age and sex, with prevalence around 50%.
PCOS is considered as an ovarian manifestation of metabolic syndrome, while NAFLD has
been proposed as the hepatic manifestation of metabolic syndrome (200). The cardiovascular
risk factors that encompass the metabolic syndrome, such as obesity, insulin resistance, type
2 diabetes mellitus, endothelial function abnormalities, impaired lipid metabolism and
vascular atherosclerosis, are associated with both NAFLD and PCOS (35, 200). There is an
ample amount of data available suggesting that NAFLD is linked with long-term risk of
adverse cardiovascular outcomes [36] and should be considered as a substantial independent
risk factor for both sub-clinical and clinical cardiovascular diseases (201). The long-term
cardiovascular follow up studies have demonstrated that the most common cause of death in
NAFLD patients is cardiovascular disease. Furthermore, much evidence links NAFLD with
well-recognized markers for cardiovascular disease, such as vascular endothelial dysfunction,

augmented coronary artery calcification and enhanced carotid intima media thickness (202).
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However, the data in PCOS related to long term cardiovascular outcomes is still controversial.
A recent trial compared cardiovascular risk in PCOS with associated NAFLD to those with
PCOS alone and has suggested that NAFLD presence does place PCOS patients at high risk
of developing cardiovascular disease. There were no significant differences in cardiovascular
risk factors in both groups in, for instance, fasting lipid profile, systolic and diastolic blood
pressure and endothelial function, though BMI was higher in the NAFLD group (203).
Nevertheless, PCOS patients have all the risk factors that may increase long-term
cardiovascular outcomes later in life, which warrants further studies in this regard in order to

apply earlier interventions.

1.3.5 Screening for NAFLD and its implications in PCOS:
The first diagnosis of NAFLD in PCOS was reported in 2005 when a young, obese, non-

diabetic PCOS patient, with no history of alcohol but with raised aminotransferase levels,
underwent liver biopsy which revealed NASH (204). It was then proposed that, since insulin
resistance and metabolic syndrome are common features in both PCOS and NAFLD patients,
NAFLD might be prevalent in certain women having PCOS. Therefore, the importance and
frequency of screening PCOS patients for NAFLD was realised, especially by looking at their
liver function. The symptoms of NAFLD are usually non-specific, such as malaise, fatigue
and right upper quadrant discomfort, but most of the time patients are asymptomatic. The
signs of chronic liver disease and hepatomegaly are very rare in these patients (181). The
diagnosis of NAFLD is usually made by assessing liver function and with the help of imaging
techniques, after excluding all the secondary causes of fatty liver disease (genetic causes,
excessive alcohol consumption, toxins, drugs, bariatric surgery, metabolic and nutritional
factors, autoimmune liver disease, viral infections etc.). The gold standard method for
diagnosis and staging of NAFLD is liver biopsy; however, this could not be routinely

performed because it is an invasive method with associated complications (181, 205).
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1.3.5.1 Use of laboratory markers in NAFLD:
There are several studies that investigated the presence of surrogate markers of NAFLD in

PCOS patients as raised levels of serum aminotransferase levels. In one of the retrospective
studies that involved 70 obese PCOS patients having numerous ethnicities, including
Hispanic, White, Blacks and Asians with no controls, raised alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels were described in only 30% and 12%,
respectively. The authors used >35 U/L and >40 U/L cut-off levels for raised ALT and AST
respectively (189).

Several interventional studies have also shown elevated levels of serum aminotransferase
levels in obese and overweight PCOS patients. In one of the studies, reviewing the effects of
metformin, 57.8% of patients out of 140 participants were found to have elevated serum
levels of ALT, while another study performed in Chile found a substantial difference with
raised serum levels of ALT in obese PCOS (39%) patients as compared to BMI and age
compared controls (3.1%) (193). In agreement, two studies done in Greece revealed similar
statistically significant differences in serum aminotransferase levels between overweight and
obese PCOS patients as compared to age and weight matched controls, although the cut-off
values used and the number of patients used in both of these studies were different (187, 206).
Caspase-3 has been established as a serum marker of increased hepatic apoptotic activity,
suggesting the early development of NASH in PCOS patients. In one of the case control
studies, in which 186 women with PCOS and 73 age-matched controls were recruited,
caspase 3, which is a cleaved fragment of cytokeratin-18, was significantly raised even after
correction for BMI (207). Another case control study evaluated the presence of hepatic
steatosis in PCOS patients by using an algorithm called fatty liver index (FLI) and two
fibrosis indices. FLI is calculated using BMI, waist circumference, triglycerides and y-GT of
the patients and the 2 fibrosis indices used were AST-to-platelet ratio index and Fibrosis-4

(FIB-4) index (208). FLI is easy to employ as its each discrete component is a routine
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measurement in clinical practice and it has been validated in several large epidemiology
studies as a practical, reliable, and economic technique to diagnose NAFLD (209, 210). The
study showed significantly greater FLI levels in 611 women with PCOS as compared to 139
age and BMI matched controls (195). However, this significant increased prevalence of
raised FLI was found only in obese and overweight PCOS patients as compared to obese and
overweight controls, but FLI levels were not significantly raised in lean PCOS patients as
compared to their lean controls. In addition, no difference was detected in fibrosis indices in
either PCOS patients or their matched controls (193, 195).

Enhanced liver fibrosis (ELF) panel is comprised of three markers: hyaluronic acid (HA),
the N-terminal pro-peptide type-Ill pro-collagen (PIIINP) and tissue inhibitor of
metalloproteinase- 1 (TIMP-1), that reflect the ongoing fibrogenesis in liver cells (211). It
was first developed after a major multicentre study in which the ELF panel was established
for its cross-sectional capability to identify the stage of hepatic fibrosis. The ELF score was
further validated in both adult and paediatric NAFLD patients (212, 213). Several large trials
have tested the ability of the ELF score in predicting liver related clinical outcomes and have
reported that ELF was at least as accurate as liver biopsy in predicting early fibrotic changes
(211).

1.3.5.2 Using imaging techniques:

Due to the invasive nature and limitations associated with liver biopsy, several non-invasive
imaging techniques have been used to diagnose NAFLD in patients. The most commonly
used imaging techniques in detecting NAFLD include ultrasound (US), computed
tomography (CT-scan) and magnetic resonance imaging (MRI-scan), and have been shown to
have comparable sensitivity and specificity for diagnosing hepatic fatty changes (between 94%
and 80% respectively) (214, 215). Another technique called Proton H1 magnetic resonance

spectroscopy has been found to have similar sensitivity to US, CT scan and MRI scan;
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however, it is more costly and is not widely available (215). Further, none of these techniques
offer any reliable information regarding the presence and detection of early development of
hepatic fibrosis (216).

Ultrasound has been suggested as the imaging technique of first choice for early detection of
fatty deposition in liver, because it is considered safe with less exposure of patients to
radiation as compared to other imaging modalities and, secondly, it is less expensive than
CT-scan and MRI-scan (216). However, the sensitivity of ultrasound scan is reduced to
between 60 to 90% if fatty changes in liver are present in less than 30% of hepatic cells (180,
217). Similarly, MRI scan has reduced sensitivity in detecting fatty changes in liver in
patients with advanced fibrosis (218). Additionally, none of these imaging modalities could
distinguish between hepatic steatosis and NASH and NAFLD (180, 217). Fibroscan (transient
elastrography) is a newly established alternative technique for assessing liver stiffness that
correlates directly with the degree of fibrotic changes in liver (219-221). However, it also has
its limitations, which preclude its use in certain groups of patients, such as the morbidly
obese and patients who have enormous amounts of fat over the chest wall that is common in
women with PCOS (219, 222). Some novel techniques that have been used have a similar
sensitivity as transient elastrography and are based on the same principle. Such imaging
techniques include Acoustic radiation force impulse (ARFI) (a new ultrasound wave based
elastrography method that is incorporated in the conventional ultrasound machine), real-time
shear wave elastography (SWE) and magnetic resonance elastography (MRE) (223, 224). All
of these novel techniques have demonstrated similar levels of sensitivity and specificity in
detecting early liver fibrotic changes as compared to Fibroscan and, additionally, could also
provide useful information in obese patients. The drawback to these techniques is their
limited availability, the chief hindrance in implementing their use in diagnosing NAFLD and

early hepatic fibrosis (223, 225).
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1.4 Endothelial dysfunction:

Vascular endothelium plays a fundamental role in regulating vascular tone and blood flow.
Endothelial cells line the entire circulatory system, from the heart to the tiniest capillaries
(226). Healthy endothelial cells are able to react to both chemical and physical stimuli and
help in regulating the vascular environment by maintaining vascular tone, monitoring cellular
adhesion, vascular inflammation and proliferation of vascular smooth muscle cells through
the production of various vasoactive factors (227). The vital role of the vascular endothelium
was first recognized due to its effects on the vascular tone that is attained by the production
and release of various vasoactive peptides and molecules that help the vessels in relaxation or
constriction. The vascular endothelium also maintains vascular tone by responding to other
vasoactive peptides in the circulation, like thrombin and bradykinin (228). This spontaneous
oscillation of the blood vessels plays a pivotal part in balancing oxygen supply and the
metabolic requirements of the tissues, mainly by regulation of vascular diameter and tone.
These vasomotor changes also help in maintaining organ perfusion through the remodelling
of vascular assembly (229-231). Nitric oxide (NO) was the first recognized factor produced
by the endothelium in several pioneering experiments (5). The main enzyme required for the
production of nitric oxide from L-arginine is NO-synthase that requires the presence of
cofactor tetrahydrobiopterin (231). The crucial activator of endothelial NO-synthase is shear
stress in normal physiology that helps in adjusting body organ perfusion to changes in cardiac
output (232, 233). Furthermore, certain other molecules activate NO-synthase, such as
serotonin, bradykinin, vascular endothelial growth factor (VEGF) and adenosine (234). The
endothelium also uses nitric oxide independent pathways to maintain vascular tone through
hyperpolarization and consequent propagation of the depolarization wave across the vascular
smooth muscle cells by increasing potassium conductance (234). Nitric oxide plays a vital

part in maintaining the vascular wall in a dormant state through cellular proliferation,
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inhibition of excessive inflammation, and by pacing thrombosis (235). The underlying
mechanism by which nitric oxide achieves such targets is through a form of post-translational
modification (S-nitrosylation) of cysteine residues of target proteins (nuclear factor NF-KB,
cell-cycle monitoring proteins, and those related to the generation of tissue factor) that helps
in moderating their biological activities (236, 237). The above mechanism (endothelial cell
derived hyperpolarizing factors) could be helpful in maintaining vascular tone in situations
where nitric oxide production is reduced or its bioavailability is diminished. However, these
hyperpolarizing factors, derived from endothelial cells, are only understood partially, and
differences between various vascular beds have been observed (235). There is another factor
derived from endothelium that helps in maintaining vascular tone independent of nitric oxide,
called prostacyclin that is produced through the cyclooxygenase pathway. However,
prostacyclin has a more limited role in humans in maintaining vascular tone but does support
other regulatory mechanisms (238, 239). Vascular endothelium is not only recognized as an
endocrine organ that releases vasoactive substances and thereby controls vascular tone but it
also controls the vascular tone by stimulating the release of vasoconstrictor factors, such as
angiotensin Il, endothelin and protanoids, that have systemic effects in addition to local
actions in order to control vascular remodelling and structure (240). PCOS is linked to
endothelial dysfunction in addition to unbalanced gonadotropins secretion, along with
aberrations in release of androgens, insulin, prolactin and hormones secreted by adipose cells
(241). It is still unclear whether endothelial dysfunction in women with PCOS is related to
abnormal endocrine changes, markers of inflammation or associated cardiovascular risk
factors. Evidence suggests that each one of these could add independently to the endothelial
abnormality found in PCOS patients (242). Moreover, recent studies have shown inconsistent
evidence regarding the traditional assumptions that endothelial dysfunction in PCOS is linked

to high androgens and insulin resistance entirely. Numerous other hormonal imbalances have
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been implicated as an underlying mechanism for endothelial dysfunction in these patients
(243, 244). Further studies are looking for other factors to unravel the underlying mysteries
related to endothelial dysfunction in PCOS, as currently known factors only partially explain
such changes in these patients, and further knowledge would be helpful in improving future

cardiovascular risk in women with PCOS (245).

1.4.1 Methods to evaluate endothelial function:

Various methods have been used for endothelial dysfunction assessment in the past but, in
1986, Ludmer and his co-workers performed the first experiment to demonstrate endothelial
dysfunction in diseased coronary vessels using a combined technique involving intracoronary
infusion of acetylcholine with quantitative angiography (246). Their innovative work
changed the understanding provided insight into human vascular atherosclerosis, as
previously it was considered only a structural disease. The functional manifestations of
vascular atherosclerosis were further explored with regard to its association with poor blood
supply to organs due to excessive vascular tone and constriction. Over time, less invasive
procedures were established, in which the main surrogate for the assessment of coronary
arteries was forearm circulation (247-249). Different techniques that have been developed
have their own pros and cons and, most importantly, each method uses its own distinct
vascular bed for assessment (250).

The normal response of healthy arteries is (1) dilatation in response to pharmacological
stimuli such as vasodilator drugs (endothelium dependent) including serotonin, acetylcholine
and bradykinin via release of nitric oxide from endothelial cells and/or (2) other endothelium
derived vasoactive factors or (3) they normally dilate through a phenomenon called flow
mediated vasodilatation (reactive hyperaemia) (251). However, such response (dilatation) is
usually reduced or absent in disease states. Whatever technique is used and whatever area is

used to determine the endothelial status, the vascular responses are revealed by assessing both
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the structural condition and functional status of the vasculature. Further, in order to
distinguish the endothelium independent responses from the endothelium dependent
responses, exogenous factors are used such as glycerol trinitrate, which is nitric oxide donor,
or adenosine, which acts though pathway independent of nitric oxide. The endothelial
dysfunction that is endothelium independent is usually associated with alterations in smooth

muscles cells or structural changes in vasculature (252).

1.4.1.1 Coronary microvascular function assessment:

The main advantage of this method, used to assess endothelial function of coronary arteries,
is that it measures endothelial function directly to give accurate result at this area of the
vasculature, but it is invasive. The intravascular ultrasonography or quantitative angiography
is used to look at the epicardial coronary vessels in order to assess their responses, via
analysing changes in their diameters and cross-sectional areas after applying endothelial
dependent interventions (253). The normal response from the healthy endothelium is
vasodilatation while vasoconstriction is caused if the endothelium is disrupted or damaged
(246). In order to induce endothelium-dependent responses, physical stimuli usually used are
exercise (254) or tachycardia caused by pacing (substitute for exercise) (255, 256). In
diseased endothelium, vasoconstriction will be more prominent due to smooth muscle cells
constriction, mimicking effects of acetylcholine test (257, 258). Coronary vessels flow
reserve, is measured by dividing peak coronary blood flow by the blood flow in the vessels
during resting stage. The flow reserve of <2.0 is usually considered abnormal (259). As the
above tests are invasive in nature and not possible to perform routinely, various non-invasive
tests have been developed to demonstrate functional assessment of the microvasculature such
as echocardiography, myocardial perfusion imaging technique, PET (positron emission

tomography) scan and blood oxygen level dependent MRI (260-262).
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1.4.1.2 Methods to evaluate endothelial function in peripheral circulation:

Several less invasive surrogate methods have been developed in order to evaluate endothelial
function in both macro and microvasculature as routine performance of coronary angiogram
IS not possible due to its invasive nature. While these non-invasive techniques are not able to
evaluate vascular endothelial function directly in the coronary arteries, they have been shown
to correlate with those invasive methods (263, 264). It is important to remember while
performing and analysing these non-invasive methods that they assess the generalized
function of the vasculature and certain phenomena could not be explained by just evaluating
systemic endothelial dysfunction. Certain local factors also need consideration such as flow
patterns and local disturbed shear stresses especially at branch points, which might also

contribute to cardiovascular disease (265, 266).

1.4.1.2.1 Assessment of the forearm vasculature and response to vasoactive factors:

In this technique blood flow is measured in both forearms by venous plethysmography before
and after infusion of vasoactive factors directly into the brachial artery. The results are
reproducible that are measured and stated as the ratio of the blood flow changes in both arms.
While this test is still limited due to its small invasive nature (248, 267), the main advantage
is that endothelial function and dysfunction can be observed directly in a dose dependent
manner during the infusion of vasoactive factors, hormones and drugs such as acetylcholine,
nitroglycerin etc. Additionally, the contralateral arm could serve as a control because the drug
doses required have minimal systemic effects (267-269). The vital role of nitric oxide is
explained by substantially reduced response by the endothelium to acetylcholine when
monomethyl L-arginine is infused, while there is no change in response after acetylsalicylic
acid (270). The main disadvantage of this method is that whilst drug induced vasodilation is
caused during this technique that provides remarkable information regarding micro-vascular
pathophysiology; it does not essentially mimic vasodilation of microvasculature seen in
exercise or transient ischemia. Furthermore, in patients who have multiple risk factors,
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further consideration is required while estimating the endothelial dysfunction as these
hyperpolarizing substances also play pivotal role in maintain resting micro-vascular tone and
drug stimulated dilatation (271-273). Additionally, this method is well equipped to assess
blood flow variations in response to various stimuli only in individuals as comparisons
between different groups and serial measurements in the same subject have limited value due
to factors such as differences in initial mean blood pressures, different forearm sizes and

variations in blood flow in the forearm (274).

1.4.1.2.2 Flow-mediated dilatation:

Flow mediated dilatation (FMD) is a non-invasive technique that measures the ability of the
arteries to dilate with nitric oxide released from endothelium after a 5 minutes period of
occlusion called reactive hyperaemia. It is now widely used and the most common artery
used is the brachial artery that is occluded with a blood pressure cuff for 5 minutes. The
endothelial function evaluated by FMD on the peripheral circulation gives a very close
estimate of the coronary vasculature endothelial function (264). It was first demonstrated by
Celermajer et al. that this vasodilatation is mainly dependent on nitric oxide release from the
endothelial cells with much less contribution from the other pathways. They used ultrasound
to assess the respective changes in the diameter of radial and brachial arteries (275-277). The
only disadvantage of this technique is that its application is not technically easy and it
requires substantial training time for reproducibility that includes, preparation for the
acquisition of the image, proper selection of the site, probe positioning sphygmomanometer,
occlusion time of cuff, correct use of machine software, and accurate description of the FMD
assessment (278-280).

Reactive hyperaemia with increased blood flow and the induced shear stress on the
endothelial cells (flow mediated dilatation) evaluates channel artery vessels allowing

functional evaluation of peripheral micro-vasculature (281, 282). Though, FMD has been
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demonstrated to have strong correlations with risk factors for coronary heart disease; however,
the measurement of stimulus for FMD itself (both velocity changes and subsequent
hyperaemia induced shear stress) have shown to have even stronger correlations with
cardiovascular risk factors than FMD, and are suggested as better predictors for assessing
future cardiovascular outcomes (283, 284). Moreover, current evidence from several multi-
centre trials have revealed that simple baseline diameter measurements from the brachial
vessels can be correlated with cardiovascular clinical outcomes to almost the same level as
FMD (285). The potential explanation for this observation is that as the diameter of the blood
vessel increases the shear stress induced is diminished with less stimulation of endothelium
and the percentage changes in the FMD are very small and less sensitive (286, 287). However,
the data is contradictory regarding an effort for the normalization of the dilatational responses
to shear stress. Therefore, it is suggested that other physiological and methodology related
factors should also be considered because they could also influence the results (278). It has
been suggested that FMD is a measure of blood flow following a stimulus like shear stress,
but it does not give any useful information regarding the changes in the flow in the
vasculature while in the resting state, and no assessment could be made about the release of
resting vasoactive factors (288). Therefore, another technique was introduced that assessed
the vasoconstriction of the brachial artery after the application of supra-systolic pressure over
the wrist with a cuff, changes that are mediated via the release of endothelin. This concept led
to the concept of low flow mediated vasoconstriction (289, 290). This new technique
measures the changes in the diameter of the brachial artery in reaction to a reduction in the
flow of blood in them and due to shear tension created by putting the pressure cuff distally
with occlusion of the artery. Recent studies have revealed a strong correlation between
impairment of low flow mediated vasoconstriction and cardiovascular risk factors with future

development of cardiovascular outcomes especially coronary artery disease (291).
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1.4.1.2.3 Fingertip EndoPAT:
This technique uses a new proprietary machine called (EndoPAT 200; Itamar Medical) (292,

293) that was developed to assess pulsatile blood flow changes in the finger. This technique
has gained much popularity recently because it is observer independent and gives very
accurate estimations of the endothelial function with peripheral arterial tonometry (also called
finger plethysmography). The pneumatic probes of the EndoPAT are applied over the index
fingers usually that records beat-to-beat plethysmographic readings as pulse wave amplitudes
of the small arteries. In order to avoid pooling and subsequent distension of distal venous
system in the fingers that could lead to reflex arteriolar responses, a small pressure of 70 mm
Hg is applied over the digits with the probes (292). In order to evaluate the endothelial
function or dysfunction, a blood pressure cuff is placed on the upper arm, as it is placed in
flow mediated dilatation technique that is inflated about 60 mmHg above the systolic blood
pressure after recording the baseline blood volume variations. The cuff is then deflated after 5
minutes in order to induce and record the resultant reactive hyperaemia in the same arm that
in normal situations augments the amplitude of measured signals in EndoPAT due to the
subsequent increased flow of blood in the artery. The other arm usually serves as a control
and used to correct the systemic drifts in the vascular tone occurred during the procedure. The
final index that is obtained has been validated as a measure of the underlying endothelial
function. The increased response measured as augmented amplitude of the pulse due to
increased blood flow (reactive hyperaemia) after the ischemia is considered a very complex
response after ischemia, which is independent of nitric oxide release and reflects variations in
flow and dilatation of micro-vasculature (294). Several clinical trials have shown and
validated that endothelial function measured in the small fingers by EndoPAT gives an
estimate of the microvascular function of coronary arteries and helpful in predicting future
cardiovascular risk in humans (295). In several bigger trials it has been demonstrated that

vascular dysfunction measured in the digits is more significantly associated with metabolic
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and other cardiovascular risk factors as compared to FMD that is only modestly associated.
Two large studies of 1900 patients and a cross-sectional study that included 5000 subjects
(Gutenberg Heart study) confirmed these findings on vascular function and dysfunction (293,

296, 297).

1.4.1.2.4 Endothelial microparticles:

Endothelial microparticles (EMPs) are complex tiny vesicular structures, ranging from 0.1 to
1.0 um in size, shed either from endothelial cells when they are activated or during apoptotic
changes. EMPs contain vital cellular information like DNA, RNA, microRNAs (miRNAS),
receptors and specific proteins related to cell of origin (298). They have been suggested to
play a significant role in endothelial dysfunction, cellular inflammation, coagulation and
angiogenesis thus predispose to cardiovascular diseases by interrupting the vascular
homeostasis. EMPs carry numerous endothelial proteins but most commonly expressed are
CD31, Platelet Endothelial Cell Adhesion Molecule-1 (PECAM-1): CD54, Intercellular
Adhesion Molecule-1(ICAM-1): CD62, Cell Adhesion Molecule E-selectin: CD105,
Endoglin (ENG): CD106, Vascular Cell Adhesion Molecule-1 (VCAM-1): CD142, Tissue
factor (TF): CD144, Vascular Endothelial Cadherin (VE-cadherin) and CD146, Melanoma

Cell Adhesion Molecule (MCAM) (Figure 1.4 adapted from (299)).
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Figure 1.4: Schematic representation of surface markers expressed by EMPs
Figure Legend: EPCR, endothelial protein C receptor; PECAM-1, platelet endothelial cell adhesion

molecule-1; VCAM-1, vascular cell adhesion molecule-1; ICAM-1, intercellular cell adhesion molecule-1;
E-selectin, endothelial selectin; S-Endo, CD146, melanoma cell adhesion molecule; VE-cadherin (vascular
endothelial cadherin); eNOS, endothelial NO synthase; MMP, matrix metalloproteases; UPAR, urokinase

plasminogen activator receptor; EPC, endothelial protein C; TM, thrombomodulin.

In patients with vascular pathologies, raised levels of EMPs have been found to correlate with
endothelial dysfunction and serve as a surrogate marker of endothelial function. However,
recent data have challenged the presumed harmful effects of EMPs and suggested that EMPs
could support cellular survival, produce anti-inflammatory effects, counteract coagulation
processes and encourage endothelial regeneration. Flow cytometry is largely used to detect
and quantify microparticles (MPs) in clinical samples and are defined by their size and by

expression of specific antigens related to their parent cell.
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1.4.2 Endothelial function in PCOS:

It has been demonstrated in several studies that PCOS is directly correlated with endothelial
dysfunction and vascular anomalies and patients are at increased cardiovascular risk (159,
300-302). In one study, flow mediated dilatation has been demonstrated to be substantially
reduced in PCOS patients along with a decreased vasodilator response to nitrates in PCOS
compared to age and weight matched control women (301). Endothelial dysfunction can also
be evaluated by quantifying specific indicators of coagulation such as plasminogen activator
inhibitor-1 (PAI-1), markers of inflammation like soluble intracellular cell adhesion
molecule-1 (sICAM-1) and soluble VCAM-1 (sVCAM-1), or circulating markers derived
from endothelium such as ADMA (asymmetric dimethylarginine). The levels of such markers
of endothelial dysfunction (PAI-1, ADMA, sVCAM-1, and sSICAM-1) have also shown to be
higher in PCOS patients as compared to their appropriate controls in a range of studies (243,
303-306). In one of the studies, 107 participants were recruited and the study revealed that
high levels of ADMA have direct positive correlation with increased testosterone levels,
fasting insulin, HOMA-IR and fasting lipid levels (307). Similarly, in another study that
recruited 81 PCOS patients and revealed that these patients had significantly high levels of
ADMA that was independent of their age and weight (243). PCOS patients also found to have
increased aggregation tendency of platelets and have substantially poor responses to the
inhibitory effects of sodium nitroprusside on platelet aggregation as compared to their
appropriately matched controls (308). Conversely, plethysmography method in a small study
that involved only 23 patients has shown no significant difference in endothelial dysfunction
between PCOS patients and their controls (79). Moreover, in a study on PCOS women that
used cardiovascular magnetic resonance to measure endothelial function of vessels
established that endothelial dysfunction (significantly reduced P < 0.01) was seen only in

flow-mediated dilatation, but not with glyceryl trinitrate that is endothelial independent (244).
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In a recent meta-analysis that studied and compared the results from several studies revealed
that PCOS patients have significantly higher prevalence of endothelial dysfunction (low flow
mediated dilatation) with subsequent higher risk of future cardiovascular events as compared
to their age and weight matched controls. They also explained that these effects are
independent of their (young) age and normal BMI. However, there was significant variation
in the results due to difference in the measurements and the techniques (242). Similar
findings were revealed in another meta-analysis that involved 2835 PCOS patients and 1930
non-PCOS healthy women and explained that PCOS patients had substantially higher degree
of endothelial dysfunction (raised levels of ADMA) and had higher levels of other
inflammatory and cardiovascular markers such as PAI-1 and CRP (245). Moreover, it has
been suggested that the different methods that are used for evaluating endothelial dysfunction
have very weak interrelationship. This was explained when correlation between different
techniques of measuring endothelial dysfunction and intima-media thickness was explored in
a small study on women with PCOS; there was no correlation between IMT and flow
mediated dilatation nor between flow mediated dilatation with EndoPAT, augmentation index
(Al), low flow mediated vasoconstriction and pulse wave velocity (309).

1.4.3 Relationship of endothelial dysfunction in PCOS with endocrine

anomalies:

1.4.3.1 High free androgen index (androgens):
Clinical and biochemical hyperandrogenism are diagnostic criteria for the diagnosis of PCOS.

Studies in men have shown that endothelial dysfunction is significantly correlated with lower
total and free testosterone levels independent of other risk factors (310-312) and testosterone
replacement has revealed to improve or even reverse these adverse effects (313). Several
trials have demonstrated that hyperandrogenaemia in PCOS patients is associated with
endothelial dysfunction (159, 301, 304, 307, 314). In one of the studies, it was explained that

high ADMA levels in PCOS patients were directly related with the high free androgen index
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levels when compared to controls (304). Similar findings were found in another study that
recruited 102 participants including both PCOS patients and controls (315). In a cross
sectional study that involved obese PCOS patients, it was found that higher levels of
endothelial dysfunction markers including ADMA and PAI-1 were significantly correlated
with fasting lipids, inflammatory and hormonal markers compared to their age and BMI
matched controls. The flow-mediated dilatation was also significantly impaired in PCOS
group (307). However, in a small study involving only 12 overweight or obese PCOS patients
with high androgen levels compared to age and BMI matched controls, it was found that flow
mediated dilatation did not differ (316). The role of androgens has also been explored in
several studies suggesting that anti-androgens (such as spironolactone) treatment in addition
to improvement in androgen levels resulted in significant improvement in endothelial
dysfunction as shown by a substantial increase in FMD (317). The spironolactone induced
improvement in endothelial function could also be partly due to inhibition of renin-
angiotensin system (RAS) with subsequent reduction in aldosterone and renin levels,
common in PCOS patients, as shown in several trials investigation cardiovascular outcomes
(317-320). It has been suggested that while assessing the results of different studies in PCOS
looking at the endothelial dysfunction; gender variation (321) and the likelihood of estrogenic
effects of testosterone (after being transformed by aromatase) should also be taken into

consideration (322).

1.4.3.2 Gonadotrophins:
Whilst the LH/FSH ratio is typical elevated in PCOS it does not form part of the diagnostic

criteria (159). Several studies in PCOS patients looking at the endothelial dysfunction and
cardiovascular diseases have revealed that luteinizing hormone levels were consistently
elevated in them. However, there are not any specific studies available that could assess the

specific associations in the PCOS patients (323).
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1.4.3.3 Endothelial dysfunction and insulin resistance:

It is a known fact the endothelial dysfunction in women with PCOS has direct relationship
with insulin resistance, common in PCOS, as evidenced from a range of studies done in the
last 2 decades (301, 314, 324). PCOS patients with insulin resistance have also been
established to be associated with other metabolic, cardiovascular and inflammatory factors
such as abnormal lipids, elevated hs-CRP etc. though the outcomes are not very consistent
(138). In one of the prospective studies that recruited 50 young PCOS patients and 50 age and
weight matched controls found that insulin resistance measured in these patients was
positively correlated with endothelial dysfunction and inversely related to adiponectin levels
(301). These findings could be supported by findings in another study that revealed that flow
mediated dilatation (marker of endothelial dysfunction) in obese PCOS patients who have
normal insulin levels was not significantly different from their appropriate controls (316). In
a small study, involving only 8 overweight and obese PCOS patients explained that levels of
markers of endothelial dysfunction were directly correlated with the degree of insulin
resistance present. As the severity of insulin increased, the levels of ADMA, PAI-1 increased
and flow mediated dilatation decreased significantly (307). Further evidence came from the
study that revealed that high levels of PAI-1 were directly correlated with the insulin levels in
PCOS patients. There was elevated expression of PAI-1 expression in these PCOS when
infused with insulin but it was found that effect was delayed and non-sustained in those who
had insulin resistance (325). Indirect indication of insulin resistance being related to
endothelial dysfunction can be obtained from clinical trials in which PCOS patients taking
metformin showed significant improvements in flow mediated dilatation and ADMA levels
along with inflammatory markers (306). Likewise, treatment with metformin for 12 weeks in
PCOS patients resulted in significantly increased levels of DHEA-S while it decreased the
levels of hormones like androstenedione, FSH, along with decrease in levels of glucose and

inflammatory factors like tumour necrosis factor, interleukin-6, ICAM-1 and E-selectin (326).
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Moreover, the levels of advanced glycation end-products (AGES) (pro-inflammatory marker)
and their receptors (RAGE) were established to be raised in patients with obesity and was
determined that ovarian function could be compromised by excessive weight, common in
patients PCOS but exact underling mechanism was not clear (327). The levels of AGEs have
been established to be raised in PCOS patients as compared to their controls found in a
separate study (328) and established that they play a central role in relating metabolic and
reproductive disorders in patients having PCOS. In addition, interventions used to block the
expression of RAGE have proved to be beneficial in these patients by improving insulin
resistance (329). The expression of RAGE was much lower in the theca cells of ovaries in
PCOS patients as compared to granulosa cells, which were predominant as compared to
healthy controls (330). However, the evidence regarding association between insulin
resistance and endothelial dysfunction in PCOS is still controversial as evidence in some of
the studies that did not reveal any connection between them (331). In a study, that involved
54 overweight PCOS patients revealed that in spite of having insulin resistance there was no
significant difference in endothelial dysfunction from the overweight health controls. The
methods used to assess endothelial dysfunction and vascular health were evaluation of levels
of ADMA, EndoPAT, PAI-1, and augmentation index and pulse wave velocity (243).
Similarly, another study that involved 19 overweight and obese women with PCOS found
endothelial dysfunction was not associated with obesity or insulin resistance. The authors
used EndoPAT device to measure reactive hyperaemia index (RHI) for measuring endothelial
dysfunction (332). Same findings were observed in a study that involved healthy PCOS
women showing normal endothelial function despite having insulin resistance (331).
Furthermore, substantially high levels of ADMA and increased insulin resistance measured
by HOMA-IR were found in a study involving 50 participants as compared to controls while

nitric oxide levels were very low in PCOS patients as compared to their controls. Although,
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the patients had significantly high levels of insulin resistance but still there no significant
correlation was found between insulin resistance and increased levels of markers of
endothelial dysfunction (ADMA) and lower levels of nitric oxide (243). In conclusion, the
evidence suggests that other cardiovascular risk factors are also involved in PCOS patients in

addition to insulin resistance.

1.4.3.4 Endothelial dysfunction and inflammatory mediators:

There are several factors that have been suggested to play a vital role in the development of
endothelial dysfunction in overweight and obese women having PCOS such as pro-
inflammatory mediators (IL-6, IL-8), retinol, retinol binding protein-4, adipocytokines
(adiponectin, leptin), visfatin and resistin (333). In a review, recently published, have
suggested a possible role of adipocytokines in the regulation of insulin sensitivity in PCOS
patients and explained their diverse role in various metabolic changes commonly found
especially in this patient group (334). A recent research presented that high levels of visfatin
found in PCOS patients were directly to high androgens and endothelial dysfunction (flow
mediated dilatation. They also revealed that high visfatin as a predictor for endothelial
dysfunction independent of age, weight, body fat mass, androgens, and insulin resistance
(315). In summary, adipocytokines role in PCOS has been suggested in current literature but

further large-scale studies are required to explore and validate this vital connection.

1.5 Management of PCOS:

Menstrual irregularity is one of the major presenting features of PCOS. Evidence suggests
that the menstrual dysfunction and ovulation in PCOS patients could be improved with even
just 5% of weight loss (86). COCPs are cornerstone of treatment in PCOS patients in which
weight loss is unable to improve menstrual irregularity, with an additional benefit of

contraception. COCPs could also be helpful for PCOS patients who also possess symptoms
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of excessive androgens. Metformin decreases insulin stimulated secretion of androgens from
ovarian theca cells (335). In a meta-analysis, it was proposed that metformin decreases serum
androgen levels in PCOS; however, COCPS are more potent in improving serum androgens
than metformin. Metformin can improve menstrual dysfunction in women with PCOS;
however, it is not a treatment of choice if fertility is the primary concern (336).

Hirsutism is also a common presenting characteristic of PCOS patients. It is defined as male
pattern excessive hair growth. Eflornithine is approved as a topical treatment for mild to
moderate form of hair growth over the face only (337). The Endocrine Society recommends
the use of either drug treatment or other forms of permanent hair removal such a laser therapy
or electrolysis if the initial cosmetic treatment is not helpful (28). Systemic treatments are
recommended for patients with severe form of hirsutism +/- acne after the addition of
physical forms of hair removal. COCPs alleviate hirsutism in patients through several
mechanisms including suppression of endogenous production of gonadotropins via negative
feedback, by suppressing ovarian production of androgens, by augmenting SHBG and finally
by preventing dihydrotestosterone (DHT) binding to its receptor (338). Cyproterone acetate is
most commonly used for its anti-androgen properties. It acts via decreasing So-reductase
production and by decreasing the binding of androgens to their receptors. It also decreases
androgen production in ovaries via inhibiting secretion of gonadotropins (339).
Spironolactone is an alternative to cyproterone acetate and is helpful in improving excessive
hair growth in PCOS patients. It has anti-androgenic properties, binds to androgen receptor
but is also a mineralocorticoid receptor antagonist. In addition, it suppresses the production of
androgens in ovaries and adrenal glands (340). Flutamide and finasteride are competitive
inhibitors of 5Sa-reductase enzyme sometimes used to treat clinical hyperandrogenaemia.

Finasteride has shown to improve excessive hair growth as effective as spironolactone and is
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safe to use (341). The use of flutamide is restricted because it has a small risk of
hepatotoxicity (342).

Evidence suggests that approximately 40% of PCOS patients suffer from infertility issues,
and the majority of cases are due to either oligo-ovulation (irregular or infrequent ovulation)
or anovulation (343). It has been suggested in the guidelines that PCOS patients who are
overweight or obese should be initially treated with diet and exercise therapy to reduce
weight before starting any pharmacological treatment because evidence suggests that weight
reduction could improve infertility significantly in these patients (343). Clomiphene citrate is
an estrogen receptor antagonist that has been suggested by ESHRE/ASRM as a first-line of
pharmacological treatment for reduced fertility in PCOS patients (344). It has been described
that clomiphene usually could induce ovulation in approximately 80% of PCOS patients
(344).

Obesity is one of the reasons that amplify insulin resistance in PCOS patients because it
could prime the development of low-grade chronic inflammation in their adipose tissue (345).
Further, excessive weight and obesity are associated with an augmented risk of infertility,
impaired glucose tolerance, diabetes and coronary heart disease. The first step to treat
overweight and obese PCOS patients is to offer diet and exercise therapy as the evidence
suggests in bariatric surgery PCOS patient that weigh reduction causes significant
improvements in androgen levels, insulin resistance and ovarian dysfunction (346). Other
treatment options should be considered if lifestyle interventions are not successful after 6
months to one year. Several drug treatments have been suggested in the literature that could
be potentially used in these patients. Orlistat is one of the drugs that has sound safety profile
and has well-known place in treating obesity, including PCOS patients. However, it is not
effective always. Orlistat decreases the absorption of fat from the intestine by irreversibly

binding to and inhibiting the action of gastric and pancreatic lipases. Several studies have
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shown that orlistat is more effective in causing weight loss in obese patients as compared to
diet and exercise therapy or placebo. It has also shown to improve metabolic and
cardiovascular risks associated with PCOS patients (347). However, the common side effects
associated with orlistat that could limit its compliance and overall efficacy are flatulence and
loose stools. Liraglutide, a glucagon-like peptide-1 analogue (GLP-1 analogue) has revealed
to cause significant weight reductions along with improvements in fasting glucose, and
markers of liver cirrhosis after 6 months of treatment in obese PCOS patients having NAFLD.
However, they are very notorious in causing nausea and vomiting and long-term safety data
is not available especially in females who want to conceive (348). Somatostatin analogues
such as octreotide can also be potentially useful for treating obesity in PCOS patients. It has
been revealed that weight loss associated with octreotide therapy was very effective in
improving insulin levels and ovulation rate in obese PCOS patients as compared to placebo
treatment (349). However, further evidence regarding the safety and efficacy of somatostatin
analogues is required before they can be used safely in PCOS women during their

reproductive age.

1.5.1 Impaired glucose tolerance:

The guidelines suggest that in PCOS patients only fasting plasma glucose measurement is not
enough to evaluate their glycaemic status (35). They should have standard 759 oral glucose
tolerance test (OGTT) especially who have additional risk factors for development of
diabetes mellitus and with BMI >30 kg/m?. Diet and exercise therapy is the most effective
intervention to prevent diabetes risk in PCOS as shown in Diabetes Prevention Program trial
that the risk reduced by 60% while metformin alone reduced it to 31%. Further, 10 years
follow up revealed that lifestyle therapy was still better than metformin in retarding the risk
of future diabetes development (350). The endocrine society recommends OGTT to screen

IGT and T2DM in adolescents and adult women with PCOS, because they are at high risk for
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such abnormalities. Rescreening in women with PCOS is suggested every 3-5 years, or more
frequently only if clinical factors such as central adiposity, significant weight gain, and/or

symptoms of diabetes develop (350).

1.5.2 Impaired lipid metabolism:

PCOS patients are associated with impaired lipid metabolism, have decreased level of HDL-
C and elevated levels of total cholesterol, LDL-C and triglycerides (351). Statin therapy in
PCOS women helps in reducing androgen levels and improves dyslipidaemia. In vitro, statins
have been revealed to hinder the production of steroids within theca cells of ovaries (352). A
recent meta-analysis including RCTs in PCOS patients determined that statins substantially
decrease serum testosterone and LDL-C levels (353). Further evidence demonstrates that
flutamide decreased LDL-C and triglycerides levels in PCOS patients via androgen receptor

blockade; however, it can cause hepatotoxicity (353).

1.5.3 Metformin in PCQOS:

Metformin is most commonly used drug for controlling blood glucose in diabetes. It
decreases liver glucose production and improves insulin sensitivity of cells using insulin for
utilising glucose. The evidence suggests that women with PCOS have insulin resistance so
metformin has also been used to treat PCOS. Studies suggest that metformin increases
ovulation rate in PCOS patients but it is still debatable either this beneficial effect is
independent of associated weight loss or not (354). In a meta-analysis of randomized
controlled trials it was recommended that ovulation rate was significantly higher in PCOS
group (46%) on metformin as compared to those who were on placebo (24%) (355).
Moreover, ovulation rate observed in PCOS patients was substantially higher (76%) in PCOS
patients who were on both metformin and clomiphene citrate as compared to those who were
on clomiphene alone (42%). The efficacy of metformin inducing ovulation in PCOS patients

has been questioned. In one of the double blind studies that included 228 PCOS patients
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detected that clomiphene alone showed better ovulation rate (72%) as compared to co-
administration of clomiphene and metformin (64%). Legro et al. observed the same results in
another randomized trial of a large group (626) of anovulatory infertile obese PCOS women
(356). They revealed that conception rate was twofold higher in clomiphene alone or in
combination with metformin group as compared to metformin monotherapy. Furthermore,
live birth rate was threefold higher in clomiphene alone or in combination with metformin
group as compared to metformin monotherapy. However, a recent meta-analysis revealed that
metformin treatment improved the pregnancy rate in PCOS patients. Further, pregnancy rate
was better with metformin and clomiphene combined therapy as compared to clomiphene
monotherapy. Though, there was no clear evidence that metformin therapy increased live
birth rate whether it was used alone or in combination with clomiphene citrate. Two further
meta-analyses printed in the recent years looked at whether clomiphene or metformin
treatment was better in improving infertility in non-obese PCOS (357). The authors did not
find any statistically significant difference in ovulation rates, pregnancy rates or live births
between patients who were either in metformin monotherapy group or in clomiphene
monotherapy group. In brief, evidence suggests that metformin monotherapy increases
clinical pregnancy rates in PCOS women but with no evidence that this effect is independent
of weight loss (354). Likewise, it is also not clear whether metformin addition to clomiphene
is better than clomiphene citrate monotherapy in improving fertility in this patient group and
also metformin role in managing anovulatory infertility remains unproven in those PCOS
patients who do not respond to clomiphene monotherapy. The subclinical markers indicative
of increased future cardiovascular risk such as increased coronary artery calcification and
increased thickness of carotid-artery-intima-media (cIMT) are high in PCOS patients (358).
Evidence suggests that insulin sensitizers (metformin, thiazolidinediones) could be helpful as

they improve blood flow to tissues by improving endothelial dysfunction in these patients
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(358). Increased androgens in PCOS are also an important risk factor for future
cardiovascular events; however, the data related to it is also still debateable. There is
evidence that androgens modulate body vasculature in addition to modulating lipid and
glucose metabolism. However, women with regular menstruation and high androgens
(isolated hyperandrogenaemia) have lower occurrence of markers of future cardiovascular
events as compared to women who have PCOS (359).

1.6 Role of vitamin D in PCOS:

Vitamin D (colecalciferol) is a fat-soluble vitamin that was recognised as a calciferol in the
20th century there are two main forms of colecalciferol: vitamin D2 (ergocalciferol) and
vitamin D3 (cholecalciferol). Although, human body can synthesise some colecalciferol, the
amount may not be sufficient due to several reasons, suggesting additional sources are
required to sustain sufficient levels. Vitamin D has been classified as a hormone, rather than
just a vitamin as specific vitamin D receptors are present nearly on all cells of human’s body
[7]. Since vitamin D3 (colecalciferol) is more potent it is recommended over vitamin D2
(ergocalciferol) supplementation. Vitamin D acts through vitamin D receptors (VDRS) to
regulate transcription of genes. VDRs are found on various tissues all over the body such as
bones, ovaries and parathyroid glands (360). Vitamin D deficiency increases parathyroid
hormone (PTH) production, which is regulated through levels of serum calcium and vitamin
D, and increased PTH is independently associated with PCOS, anovulatory infertility and
increased testosterone (361). It has been suggested that the combination of vitamin D
deficiency and dietary calcium insufficiency (because serum calcium regulates PTH release)
may be largely responsible for the menstrual irregularities associated with PCOS (362).
However, it has been proposed that vitamin D sufficiency is more important than high
calcium intake at maintaining desired values of PTH (363). VDRs play a vital role in the

production of ovarian hormones especially oestrogen and it has been proposed that vitamin D
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maintains the production of oestrogen via regulating extracellular calcium homeostasis
through regulating the aromatase enzyme gene (362, 364). It has been shown in several
studies that vitamin D stimulates the production of estrogen and progesterone in ovarian
tissue through amplification of aromatase activity (364). Moreover, studies have shown that
menstrual cycles are affected by sunshine (365). In summer, increased ovarian activity
(increased ovarian follicle size, frequency of ovulation and shorter menstrual cycle) has been
observed than in winter in women living in a continental climate at temperate latitudes. This
could be due to the impact of natural light; the more sunshine 2—3 days before the presumed
day of ovulation, the shorter the cycle (365).

Low vitamin D levels have been described in PCOS patients, with the majority of patients
having values <20ng/ml and with average values between 11-31ng/ml (366, 367). Conversely,
in a study to compare PCOS women to age and BMI matched control healthy women, PCOS
patients had a considerably higher levels of vitamin D (29-3 ng/ml vs 19-4 ng/ml). Therefore,
whether low vitamin D levels are associated with PCOS is unclear. Studies have described an
inverse relationship of BMI, body fat and waist measurements with serum vitamin D levels in
PCOS patients (368). As vitamin D is fat soluble, it is suggested that low vitamin D
deficiency in PCOS patients is related to obesity because a higher percentage of it being
sequestered in fat tissue thus decreasing bioavailability (368). However, others suggest that
there is reduced biosynthesis of vitamin D in obese subjects because they spend less time
exposed to sunlight. There is also a possibility that vitamin D metabolism and dietary habits
of both obese and non-obese subjects may vary, but a study of vitamin D across BMI ranges

showed no differences (366).

1.6.1 Relationship between vitamin D and insulin resistance in PCOS:

Low vitamin D in PCOS patients has been associated with insulin resistance and metabolic

syndrome (369). Vitamin D acts via multiple pathways to enhance insulin action such as

Page 76 of 255



increasing the synthesis and release of insulin, augmented insulin-receptor expression and via
decreased production of inflammatory cytokines (370). Vitamin D levels have been
negatively correlated with fasting insulin levels and insulin resistance as measured by
HOMA-IR; however, this significant correlation was lost after adjustment of BMI in the
control group. Similar findings were found in as study that demonstrated that low levels of
vitamin D were linked with HOMA-IR and BMI (371). Obesity has been suggested a
confounding factor in all those studies looking at the relationship between vitamin D
deficiency and insulin resistance in PCOS women. However, one study revealed that PCOS
patients who had severe vitamin D deficiency had severe insulin resistance that was
independent of their weight and other metabolic features, and others have shown a negative
correlation between vitamin D levels, insulin resistance and BMI (372). The RCTs looking at
the effects of vitamin D supplementation in vitamin D deficient PCOS patients have shown
beneficial effects on insulin secretion and resistance (366). However, one pilot study did not
shown any benefit of vitamin D replacement on insulin resistance in lean PCOS patients
(373). In summary, there is evidence, suggesting a relationship of vitamin D deficiency with
insulin resistance in PCOS patients, but data related to vitamin D replacement is lacking and

needs further studies (366).

1.6.2 Vitamin D and fertility in PCOS:

Vitamin D has been suggested to be important in reproduction in PCOS with of vitamin D
deficiency being associated with ovarian follicular arrest, menstrual irregularity and infertility
due to impaired regulation of calcium metabolism (362). This is supported by animal studies
showing impaired follicular growth with vitamin D deficiency. In several observational
studies looking at the association of vitamin D with infertility in PCOS women high follicular
levels of vitamin D were associated with an increased pregnancy rate during In Vitro

fertilisation (IVF) following adjustment for age, weight, and ethnicity (374). In accord with
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this others reported that PCOS patient with low vitamin D had decreased rates of follicular
development and a lower pregnancy rate after clomiphene stimulation, independent of their
age and weight. Vitamin D therapy has shown significant improvements in menstrual
irregularity with subsequent pregnancy rates in PCOS patients suggesting the importance of

vitamin D replacement if there is vitamin D deficiency (375).

1.6.3 Vitamin D status and hyperandrogenaemia in PCOS:

Observational studies have found relationships between markers of hyperandrogenism
(DHEAS, testosterone, SHBG and FAI) and vitamin D status (376). Women with PCOS and
excessive hair growth (hirsutism) have been found to have significantly lower levels of
vitamin D compared to women with PCOS without hirsutism (367). In women with PCOS,
vitamin D levels have been positively correlated with SHBG and negatively correlated with
the degree of hirsutism, FAI, total testosterone and DHEAS (367, 371, 372, 377).
Additionally, SHBG levels were lower in women with PCOS with severe vitamin D
deficiency; however, this was no longer significant after adjusting for BMI and waist hip
ratio (372). A similar result was found in two further studies where a relationship between
SHBG and vitamin D status was no longer significant after controlling for BMI, suggesting
obesity as the common determinant for both vitamin D and SHBG (367, 371). It has been
further proposed that the associations between hyperandrogenism and vitamin D status may
be due to the reduction in SHBG that results from obesity (371, 372). Very few studies have
looked at the effects of vitamin D supplementation on measures of hyperandrogenism and
have shown no significant changes in levels of testosterone, FAI and SHBG (373, 378). One
small uncontrolled study where women with PCOS were supplemented with vitamin D
combined with calcium reported clinical improvement of acne vulgaris (362), however, there
were no other clinical improvements in the other signs of hyperandrogenism such as

hirsutism, acanthosis nigricans and alopecia (362). The authors have suggested further
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randomized controlled trials to investigate the effect of vitamin D supplementation on

hirsutism and androgen levels in women with PCOS.

1.6.4 Vitamin D and cardiovascular risk factors in PCOS:

Vitamin D deficiency is associated with a high risk of future cardiovascular disease and
increased cardiovascular related mortality (379). Adverse associations of vitamin D
deficiency with risk factors such as fasting glucose levels, fasting lipid profile, systolic and
diastolic blood pressures, leptin and hs-CRP have been reported (367). A large observational
study that included 206 PCOS patients found that patients with metabolic syndrome had low
levels of vitamin D as compared to those PCOS women who did not have any features of
metabolic syndrome (367). The interventional studies looking at the effects of vitamin D
replacement therapy have shown to improve several cardiovascular risk factors in addition to
improving insulin resistance in PCOS patients. These trials have reported improvements in
dyslipidaemia, decreased fasting plasma glucose and abdominal circumference, though there
were no significant improvements in BMI, HDL-C and blood pressure (373). Recently, a trial
described the improvement in hs-CRP after atorvastatin therapy was due to significant
increase in vitamin D levels as compared to those patients who were on placebo suggesting
important role of vitamin D supplementation in PCOS patients for improving future
cardiovascular risk (380).

In summary, it remains unclear if vitamin D deficiency is more prevalent in PCOS patients;
however, it is related to insulin resistance, reduced fertility, hirsutism and increased
cardiovascular risk factors. Evidence suggests that vitamin D has a role in the pathogenesis of
PCOS being correlated to insulin resistance, obesity, menstrual irregularities, subfertility and
hyperandrogenaemia. Vitamin D replacement therapy has shown small improvements in
insulin resistance, improved menstrual regularity and pregnancy rate though these need

confirmation.
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1.7 Role of sodium glucose cotransporter 2 inhibitors
(empagliflozin) in PCOS:

Currently there are no studies of sodium-glucose cotransporter 2 (SGLT2) inhibitors in PCOS
but there are theoretical reasons why they may be of value. Empagliflozin, is a direct
inhibitor of SGLT2, which is a new treatment option for T2DM, that has recently shown to
induce favourable effects on arterial stiffness and vascular resistance in both T1DM and
T2DM patients (381, 382), and noted above to be features reported in PCOS. It improved
cardiovascular risk significantly in patients with T2DM, reduces oxidative stress, and
suppresses markers of inflammation (a feature of PCOS) and fibrosis (383). There was a
dose-response effect for 10mg and 25mg empagliflozin (384), but in the EMPA-REG study
empagliflozin 10mg and 25mg dose were used separately without titration (381). Moreover,
empagliflozin has an insulin-independent mechanism (promote urinary glucose excretion by
inhibiting glucose reabsorption in the kidney) and does not cause hypoglycaemia in
normoglycaemic individuals (381, 384). Hence, in empagliflozin treatment group, patients
were randomised to empagliflozin 25mg daily to get the maximum metabolic response with
comparable duration to the metformin treatment group who received metformin SR 1500mg,
(385). Given the reported cardioprotective effects of empagliflozin and the associated
changes in insulin resistance, plasma volume, weight/fat mass and inflammation that are
common pathological features of PCOS, this would suggest a pilot trial of empagliflozin on
hormonal, metabolic and cardiovascular risk factors in patients with PCOS would be
warranted.

The recommended starting dose for empagliflozin is 10 mg once daily for monotherapy and
add-on combination therapy with other medicinal products for the treatment of diabetes. In

patients who have an eGFR =60 ml/min/1.73 m? the dose can be increased to 25 mg once

daily. The maximum daily dose is 25 mg. Empagliflozin is used for insufficiently controlled

Page 80 of 255



type 2 diabetes mellitus as an adjunct to diet and exercise either as monotherapy when
metformin is considered inappropriate due to intolerance or in addition to other medicinal
products for the treatment of diabetes.

The most common side effects are increase in urination frequency or amount of urine, painful
urination, urinary tract infections, genital infections, itching and dyslipidaemia. The other
uncommon side effects are symptoms and signs of volume depletion, hypotension, syncope
and increased haematocrit. Diabetic ketoacidosis (DKA) is a serious problem that happens to
people with diabetes when chemicals called “ketones” build up in their blood. As PCOS,

patients recruited did not have diabetes then this was expected rarely.
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1.8 Hypothesis and aims of this thesis:

PCOS is the commonest endocrine disorder of young females in their reproductive age that is
associated with increased future cardiovascular risk. There are several risk factors found in
PCOS that put them at increased cardiovascular risk including obesity, insulin resistance, and
hyperandrogenaemia. The studies have revealed that all such factors contribute to the
development of endothelial dysfunction in PCOS that could be the underlying mechanism
leading to the development cardiovascular events. Recently, low vitamin D in PCOS has been
found to have an inverse correlation with obesity, insulin resistance, hyperandrogenaemia,
endothelial function and NAFLD and put them at high risk of cardiovascular events.
Therefore vitamin D replacement may represent an attractive option for the improvement of
cardiovascular risk in women with PCOS; however, clinical data are lacking. Additionally,
the effects of vitamin D supplementation on liver fibrosis markers in young overweight and
obese women with PCOS are not known. The SGLT2 inhibitor empagliflozin, has been
shown to improve multiple risk factors in type 2 diabetes patients in both animal and human
studies including insulin resistance, endothelial dysfunction and resulted in weight loss thus

suggesting the therapeutic potential of this drug in PCOS also.

1.8.1 Hypothesis:

Hypothesis for vitamin D study:

Three months of vitamin D supplementation will improve hormonal, metabolic and

cardiovascular risk markers in vitamin D deficient, overweight and obese women with PCOS.

Hypothesis for empagliflozin vs metformin study:

Three months of empagliflozin treatment will improve hormonal, metabolic and

cardiovascular risk markers in overweight and obese women with PCOS.
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1.8.2 Aims:

The work | conducted during this PhD was aimed to assess the therapeutic potential of

vitamin D and SGLT?2 inhibitor (empagliflozin) by answering the following questions:

1) Does vitamin D supplementation improve cardiovascular risk factors especially insulin
resistance, hyperandrogenaemia and NAFLD in vitamin D deficient, overweight and

obese women with PCOS?

2) Specifically does vitamin D supplementation improve underlying endothelial dysfunction

in vitamin D deficient, overweight and obese women with PCOS?

3) Does empagliflozin improve cardiovascular risk factors in overweight and obese women

with PCOS better than or equal to treatment with metformin?

4) Specifically, does empagliflozin improve endothelial dysfunction in overweight and

obese women with PCOS better than or equal to treatment with metformin?

1.8.3 Primary and secondary endpoints:
1.8.3.1 Primary endpoints:

Vitamin D study:

Cardiovascular risk assessment by hs-CRP, HOMA (fasting glucose & insulin), fasting lipid

profile and ELF markers

Empagliflozin versus metformin study

Endothelial function as measured by RHI (reactive hyperaemia index)
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1.8.3.2 Secondary endpoints:

1.8.3.3 Vitamin D study:

1. Hormonal parameters including testosterone, SHBG and FAI
2. Inflammatory marker hs-CRP

3. Endothelial function by EndoPAT and microparticles

1.8.3.4 Empagliflozin versus metformin study

1. Inflammatory markers (hs-CRP)

2. Insulin resistance as measured by HOMA-IR (fasting glucose & insulin)
3. Body weight

4. Blood pressure

5. Fasting lipid profile

6. Hormonal parameters including free androgen index

7. Endothelial function measured by microparticles
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2 Chapter 2: Methods and materials:

2.1 Study designs and protocols:
2.1.1 Trial approvals:

Both the studies were approved and sponsored by the local Research and Development
department of Hull and East Yorkshire Hospitals NHS Trust. The vitamin D study was a
double blind randomised placebo-controlled study to look at the effects of colecalciferol
(Vitamin D) on hormonal, metabolic and cardiovascular risk factors in patients with PCOS,
approved by Health Research Authority, NRES Committee Yorkshire & The Humber - Leeds
East (REC reference: 14/YH/1125). The Empagliflozin study was a randomised open-label
parallel study to look at the effects of empagliflozin versus metformin on hormonal,
metabolic and cardiovascular risk factors in women with PCOS. Empagliflozin study was a
CTIMP (clinical trial of an investigational medicinal product) (EudraCT number: 2016-
004435-20), therefore, was first approved by MHRA (medicines and healthcare products
regulatory authority) (Ref: 21411/0254/001-0001) and then by Health Research Authority,
Yorkshire & The Humber - Leeds East Research Ethics Committee (REC reference:

17/YH/0118).

2.1.2 Subjects recruitment:

For both the randomized trials, the PCOS patients were primarily recruited from the
outpatient clinic endocrine clinics. The patients were also recruited from the PCOS biobank
from those patients who had already consented to be contacted to participate in future. After
identifying potentially suitable patients, an invitation letter from the research team was sent to
them together with participant information asking them to contact the research centre should
they be interested in taking part. After contacting the research team an appointment was

booked to discuss the study. They had the opportunity to go home and discuss the study with
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members of their family or with the General Practitioner. If they decided to take part, the
participants were asked to sign the informed consent form at the research centre before or at
the time of the screening visit; written informed consent was taken. No vulnerable subjects or
non-English speakers were recruited. Reasonable parking and travel expenses were

reimbursed.

2.2 Interventions:

2.2.1 Vitamin D (colecalciferol):
2.2.1.1 Dosage:

In this randomized double blind trial, each participant received either Fultium-D3 3,200 U
capsule (colecalciferol 32001U) or placebo daily for three months. Each capsule contained:
3,200 1U Colecalciferol that is equivalent to 80 micrograms vitamin D3. Full details about
Fultium D3, 32001U is available on the underlying website:

http://www.mhra.gov.uk/home/groups/par/documents/websiteresources/con428314.pdf

The study drug was supplied by Internis Pharmaceuticals and was despatched to trial site’s
pharmacy for storage. The study drug was stored and dispensed by the trials site pharmacy in

accordance with Good Clinical Practice and Good Manufacturing Practice.
2.2.2 Bolamyn-SR 500mg prolonged release tablets (metformin

hydrochloride):

One prolonged-release tablet contains 500 mg metformin hydrochloride that is equivalent to

390 mg metformin.

2.2.2.1 Dosage and administration:

In the empagliflozin versus metformin trial, half of patients were on metformin (Bolamyn)

1500mg daily for three months. The usual starting dose is one tablet once daily. The
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maximum recommended dose in PCOS is three tablets daily (1500 mg). The dose was
increased in increments of 500 mg every week, up to a maximum of 1500 mg once daily with
the evening meal.

For the treatment of vitamin D deficiency, National Institute for Clinical Excellence (NICE-
UK) recommends fixed loading doses of vitamin D (up to a total of about 300,0001U) given

either as weekly or daily split doses. https://cks.nice.org.uk/vitamin-d-deficiency-in-adults-

treatment-and-prevention. It’s also normal clinical practice to supplement 3,2001U of vitamin
D daily for 3 months for vitamin deficiency. The vitamin D levels were only measured at
baseline (before vitamin D supplementation) and at final visit (post vitamin D
supplementation). Since the study was a double blind placebo control study I did not measure
their vitamin D levels during the study.

In a recently published meta-analysis several trials have been mentioned that used daily
vitamin D regimens (doses ranging from 500-50001U daily ) for 12 weeks and have shown
significant beneficial effects in patients with type 2 diabetes (386). In the current study,
vitamin D levels normalised after 12 weeks of 32001U daily of vitamin D supplementation,
however, longer duration studies are required to see whether there will be a further

improvement in these markers in women with PCOS.

2.2.3 Empagliflozin (jardiance):

In the empagliflozin versus metformin trial, half of patients were on empagliflozin (Jardiance)

25 mg daily for three months.

2.3 Procedures:

2.3.1 EndoPAT 2000:

EndoPAT 2000 (Itamar Medical Ltd) is a medical device that is used to measure endothelial

function non-invasively. EndoPAT is based on the Peripheral Arterial Tone (PAT™) signal
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technology. It is Food and Drug Administration (FDA) approved and is CE-marked. The
FDA approval was obtained by comparing results of PAT Technology with a more invasive
catheterization technique that directly evaluated endothelial dysfunction in coronary
vasculature. EndoPAT is simple to perform, and is independent of both operator and
interpreter. EndoPAT has been used for major epidemiological studies such as the

Framingham Heart Study.

2.3.1.1 PAT signal:

EndoPAT uses the PAT signal that is recorded from the fingertip by measuring pulsatile
arterial volume changes in the fingers using unique bio-sensors. These pulsatile fluctuations
are produced by making a downstream response of reactive hyperaemia prompted by a
standard occlusion of the artery for 5 minutes. The occlusion is done using a regular blood
pressure cuff. When the blood pressure cuff is released, the resulting increased blood flow
causes dilatation of artery, Flow Mediated Dilatation (FMD), which is endothelium
dependent. The resulting hyperaemia causes an upsurge in the PAT signal amplitude which is
recorded by EndoPAT. The total test duration is 15 minutes and the results of the test are
automatically determined and finally an EndoScore is produced. This score represents the

current health state of endothelial cells.
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Figure 2.1: EndoPAT 2000 apparatus

2.3.1.2 EndoPAT 2000 procedure:

In order to evaluate the effects of vitamin D, empagliflozin and metformin on cardiovascular,
hormonal and metabolic risk factors reactive hyperaemic index (RHI) was measured using
EndoPAT 2000 at the baseline visit and at the end of the intervention (final visit) in both the
colecalciferol & PCOS trial and Empagliflozin versus Metformin in PCOS studies.

PCOS patients attended the research centre fasting. After having the initial demographics
done, the patients were sat comfortably for 15 minutes to attain a steady cardiovascular state.
In the study room the temperature was maintained between 21-24°C. The fingers of subjects
were examined for any deformities that could affect the study results. The blood pressure was
recorded from the patients’ control arm (that was not used for occlusion) for at least 5 min
before the beginning of the test as recommended in the EndoPAT manual. Then the patient
was seated comfortably and supported the hands with arm supports to be kept them at the
level of the heart. A blood pressure cuff was then placed on the upper arm of the nominated
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test side. The PAT probes were placed inside the holes of the arm support and the patient was

advised to insert both index fingers into the probes.

Figure 2.2: Applying and preparing PAT probes

The probes were connected via pneumoelectric tubes to the EndoPAT device and were

controlled via its software installed in the computer. The patient was advised to remain

relaxed during the test and refrain from talking as it could affect the results. The PAT signals

were recorded in three steps as follows:

e Baseline phase for 5 minutes in a relaxed state

e Occluded phase for 5 minutes in which the brachial artery was occluded in the test arm by
blood pressure cuff inflation to a supra-systolic level (the suggested cuff pressure is 60
mmHg above systolic blood pressure of patient and not less than 200 mmHg)

e Post-occlusion phase for 5 minutes in which the pressure cuff was deflated quickly.

2.3.1.3 EndoPAT correlation with cardiovascular events:

Endothelial dysfunction has been suggested to correlate with cardiovascular risk and future

cardiovascular events in patients at high risk. The large scale population based studies such as
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the Framingham Heart study have used the EndoPAT for endothelial function assessments.
The authors in a large cross-sectional analysis of data from the Framingham heart study
established a significant inverse correlation between RHI and several cardiovascular risk
factors especially smoking, diabetes, total cholesterol, HDL-cholesterol and lipid lowering
therapy (293). Further in a recent trial, patients with unexplained chest pain (low-risk
findings during stress testing) and/or the absence of new obstructive lesions by an invasive
coronary angiogram were assessed using EndoPAT. It was revealed that patients with low
RHI values were independently associated with higher cardiovascular adverse events (cardiac
death, myocardial infarction, revascularization or cardiac hospitalization) during a 7-year

follow-up period (295).

2.3.1.4 Reproducibility of EndoPAT results:

The coefficient of variation was 18% when the reproducibility and viability of EndoPAT
analysis was evaluated in adult patients (387). The EndoPAT test is both operator and
interpreter independent as suggested while comparing the reliability and reproducibility of
EndoPAT and flow mediated dilatation results that revealed lower within-day variability for
the flow mediated dilatation as compared to EndoPAT measurements (10% versus 18%). The
between-day variability was similar (11%) and reactive hyperaemic index measurements

done by flow mediated dilatation and EndoPAT were strongly correlated (388).
2.3.2 Flow cytometry:

2.3.2.1 Principles behind flow cytometry:

Flow cytometry has the capability to calculate the optical and fluorescence features of any
particle or even a single cell in a fluidic stream when they pass through a light source
including nuclei, microorganisms and chromosomal preparations. The different features of

cells are analysed and are differentiated from each other on the basis of their size, granularity
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and fluorescence (389). The basic working principle behind flow cytometry is scattering of a
light source with fluorescence emission, which happens when a light commonly from a laser
beam (excitation source) hit the moving particles in the sample as explained in figure 2.3

adapted from (389).

Sample j
‘ Sheath

Laser:

Scatter &
Fluorescence

Flow
Figure 2.3: Basic working principle behind flow cytometry.

Depending on the detection of nuclear antigens, cytoplasmic features or membrane
components flow cytometry can be used in numerous applications. Furthermore, in addition
to detecting whole cells, small cellular portions can also be detected using flow cytometry
including nuclei, chromosomes, protein components, DNA, RNA, cytokines and hormones. It
is also used to quantify the number of microparticles within a cell suspension that pass
through a flow cell after being injected in the machine. The cell suspension injected lies
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within the centre of the surrounding sheath fluid. The pressure of the sheath fluid creates the
flow that creates and transports cells and microparticles in a single file that are then exposed
to the laser source.

The laser light scatters in either in a forward direction or to the side direction. The forward
scattered (FSC) light is captured by forward scatter detector, which measures cell size or
microparticles and distinguishes viable cells and cellular debris. Side scatter detectors collect
the side scattered (SSC) light, which provides information about the cellular contents, internal

complexity or granularity of the cell (figure 2.4) adapted from (389).

Side scatter
(90" Light scatter)
* Granularity

AL A

Forward scatter
* Size

Laser beam

>

Figure 2.4: Forward light scatter is proportional to size while side
scatter is proportional to cellular internal complexity or granularity

While analysing the cells or microparticles fluorescent label antibody is added to the sample
that forms a complex with the antigen under investigation. The subsequent complex formed
emits a certain wavelength fluorescent light that is detected by the flow cytometer. The

detected fluorescent light is transformed to an electric signal that correlates with the number
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of antigens on the cellular surface or on microparticles, which are then quantified. The

different components of flow cytometry are explained in figure 2.5 adapted from (389, 390).

Fluidics system

Filters
Detectors

Computer

'3

\
.
ar |
\
~ ssC
Figure 2.5: Flow cytometer structure and components.

Legend: Abbreviations: PMT, Photomultiplier tube (photodetectors);
FSC, Forward scatter; SSC, Side scatter

2.3.2.2 Preparation and separation of endothelial microparticles (EMPs):

Blood samples were taken from an antecubital vein when the patient presented fasting to the
department of Academic Diabetes Endocrinology and Metabolism, Hull Royal Infirmary. The
sample was collected in EDTA (ethylenediaminetetraacetic acid) containing vacutainer.
Platelet free plasma (PFP) samples were prepared using serial centrifugation steps; firstly
sodium citrate-anticoagulated whole blood tubes were spun at 180 x g for 10 min (at room

temperature to avoid cold-induced platelet activation) and then platelet-rich plasma obtained
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was then subsequently spun at 12,000 x g for 10 min to remove platelets. From this, 25pL of
PFP was incubated with 5 pL of either antibodies (CD31, CD54, CD62, CD105, CD106,
CD144 and CD146 in vitamin D PCOS study and CD31, CD54, CD62, CD105, CD106,
CD142 and IgG Negative control in Empagliflozin versus Metformin study), in the dark at
room temperature for 30 minutes. Quantification of samples was achieved by adding 150 pL
of filtered (0.1 pum) phosphate buffered saline (PBS) (Fisher Scientific, UK) and counting
beads (25 pL, UK) immediately prior to analysis by flow cytometry. Table 2.1 explains the

different microparticles in detail, adapted from (391).
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Origin and types of microparticles

Origin Types

Endothelial Cells CD31 (PECAM-1)
CD54 (ICAM-1)
CD62E (E-selectin)
CD105 (Endolgin)
CD106 (VCAM-1)
CD144 (VE-Cadherin)
CD146 (MCAM)

Subendothelial tissue CD142 (tissue factor)

Table 2.1: Showing different types of microparticles

Legend: CD, Cluster of differentiation; PECAM-1, platelet endothelial cell adhesion molecule-1; ICAM-1,
intercellular cell adhesion molecule-1; E-selectin, endothelial selectin; VCAM-1, vascular cell adhesion
molecule-1; VE-cadherin (vascular endothelial cadherin); MCAM, melanoma cell adhesion molecule

2.3.2.3 EMPs quantification:

EMPs assessment was done using flow cytometry technique on a Becton Dickinson FACS
Calibur instrument (BD Biosciences, Oxford, UK) in Vitamin D study and on Accuri® C6
(BD Biosciences, Oxford, UK) in Empagliflozin versus Metformin Study. Both machines are
calibrated, cleaned and serviced on a regular basis. Both are reliable instruments and had

been used for multiple publications before (392-394).

2.3.2.3.1 Gating and the threshold setting for microparticles:

The upper and lower thresholds were established in order to detect an event by the flow
cytometry. It was necessary to increase the chances of getting the maximum population of

interest and to eliminate debris, noise and any other undesired events. The higher threshold
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was set to demarcate the population of interest (EMPs) from platelets and other minor cellular

debris.

2.3.2.3.2 Establishing lower threshold:

The first step was to create the noise floor as all flow cytometry machines have an intrinsic
noise due to signals from tiny particulate matter in numerous channels. This is not avoidable,
and it is a balance between losing the population of interest and false positives due to the
noise. In order to establish the lower threshold, deionised (DI) 0.2 um filtered water was first
run and counted the number of events at several thresholds. The BD Accuri machine has a
better separation index (SI) with a side scatter scale, therefore, side scatter (SSC) was used
for setting the gate. At forward scatter-Height (FCS-H) and side scatter-Height (SSC-H) gates

only 3 -4 events were recorded for DI water that were labelled as noise events.

2.3.2.3.3 Setting the gates:

Side scatter Megamix beads were used that consists of numerous sizes ranging from 0.16 to
0.8 um. The predominant populations are 0.16, 0.24, 0.3, 0.5 and 0.8 um bead sizes. Since
0.16 um beads fell in the noise region and being aware of the limitation of the BD Accuri for
having a low separation index (SI) for microparticles of less than 0.3um, the lower gate was
set at 0.3um fluorescent laser-1 (FL1) peak of SSC megamix. FL1 peaks were used as
megamix beads are fluorescein isothiocyanate (FITC) conjugated. The higher gate was set at

0.8 um as beyond this size other cellular fragments interfere with calculation of events.
2.3.2.3.4 Counting of events:

Counting beads ranging from the size 4-6 um were used for quantifying the number of
microparticles per microliter of plasma. A separate gate R5 was formed around these beads

population, whereas, the microparticles were counted at R4 gate. The microparticles were

calculated for every 5000 counting beads in R5 gate. Since there are 1000 beads per ul of the
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counting beads mix, the absolute count for microparticles/pl of plasma was calculated using

the formula:

Number of events in R4

x 1000
R5(5000)

2.3.2.3.5 Compensation:

As all the antibodies and beads were FITC conjugated, there was no need for the application
of compensation. In order to rule out any non-specific bindings of antibodies, an 1gG auto

control was run along with all samples to further validate the results.

2.3.3 TANITA-body composition analyser:

TANITA-body composition analyzer, Model: BC 418 MA (TANITA Corporation Itabashi-ku,
Tokyo, Japan), was used to calculate basal metabolic rate, body fat percentage, body fat mass,
fat free mass, bioelectrical impedance and total body water. It is shown in figure 2.6 below.

The patients were asked to stand on the TANITA scale bare footed to measure percentage of
body composition. This procedure takes 5 minutes and was done both at baseline and at the

final visit after the supplementation of vitamin D, empagliflozin and metformin therapy.
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Figure 2.6: TANITA Body Composition Analyser
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2.3.4 Anthropometric measures, blood sampling and biochemical analysis:

Height and weight were recorded with participants wearing light clothing and no shoes using
Marsden medical weighing scale, Model number: MS-4202L, (Marsden Weighing Machine
Group Limited, Rotherham, UK) with attached stadiometer. BMI (Body mass index) was
calculated as weight in kilograms divided by the square of height in meters (kg/m2). Blood
pressure was measured using an automated device (NPB-3900; Nellcor Puritan Bennett,
Pleasanton, CA) during each study visit. Blood pressure measurements were performed after
the subjects had been seated quietly for at least 5 minutes and with the right arm supported at
heart level. Three readings were taken, each at least 2 minutes apart, and then the average of
the readings was obtained. The waist and hip circumference was measured using a specific
abdominal circumference tape measure by wrapping it around the patient’s waist at the
midway point between the top of iliac crest and the bottom of the ribs. The participants were
advised to relax their abdominal muscles and breathe naturally during the procedure.

In both trials, following an overnight fast, blood samples were collected and weight and
blood pressure were measured both at the baseline and final visit (end of 3-month period).
The fasting venous blood was collected into fluoride oxalate and serum gel tubes. Samples
were separated by centrifugation at 2000g for 15 minutes at 4°C, and the aliquots were stored
at -80°C within 1 hour of collection. Overnight urine samples were collected in vitamin D
study and aliquots were stored at -80°C until batch analysis.

The following assays were performed in NHS laboratory (Hull Royal Infirmary) accredited
by United Kingdom National External Quality Assessment Scheme (UK NEQAS) and United
Kingdom Accreditation Service (UKAS). The serum insulin was assayed using
chemiluminescent immunoassay on the Beckman Coulter UniCel DxI 800 analyser
(Beckman Coulter UK Ltd, High Wycombe). The plasma glucose was measured using a

Beckman AU 5800 analyser (Beckman-Coulter, High Wycombe, United Kingdom) and
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according to the manufacturer’s recommended protocol. Serum vitamin D levels, testosterone
and androstenedione were quantified using isotope-dilution liquid chromatography tandem
mass spectrometry (LC-MS/MS). SHBG and DHEAS were measured using a
chemiluminescent immunoassay on the Beckman Coulter UniCel DxI 800 analyser, applying
the manufacturer’s recommended protocol. The free androgen index (FAI) was calculated as:
(total testosterone/SHBG) x 100. Total cholesterol, triglycerides, high-density lipoprotein
cholesterol (HDL-C), alanine aminotransferase (ALT) and high sensitivity C-reactive protein
(hs-CRP) levels were measured enzymatically using a Beckman AU 5800 analyser
(Beckman-Coulter, High Wycombe, UK). Low-density lipoprotein cholesterol (LDL-C) was

calculated using the Friedewald equation.

2.3.5 ADVIA centaur enhanced liver fibrosis test:

The enhanced liver fibrosis (ELF) score provides a single value using an algorithm
combining quantitative serum measurements of three biomarkers including hyaluronic acid
(HA), tissue inhibitor of metallo-proteinases-1 (TIMP-1) and amino-terminal propeptide of
type Il procollagen (PIIINP). We used the ADVIA Centaur XP/XPT immunochemical
analyzer (Siemens Healthcare Diagnostics Inc., Erlangen, Germany) according to
manufacturer’s instructions figure 2.7. The ELF score was calculated directly by the
instrument employing the following equation:

ELF score = 2.278 + 0.851 In(CHA) +0.751 In(Cpng) +0.394 |n(CT||\/|p1)

Concentrations (C) of each assay are in ng/mL
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Figure 2.7: ADVIA Centaur® XP System

2.3.6 Homeostatic model assessment of insulin resistance (HOMA-IR):

HOMA-IR was calculated using the following formula that includes the measurement of
fasting plasma glucose fasting insulin levels (121):

Fasting Plasma Insulin (%) X Fasting Plasma Glucose (mmol/L)

HOMA — IR = PG

HOMA-IR was calculated in both Vitamin D in PCOS and Empagliflozin versus Metformin

in PCOS studies, at both baseline and final visits.
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3 Chapter 3: Effect of vitamin D treatment on markers of liver
fibrosis in obese women with polycystic ovary syndrome

3.1 Introduction:

PCOS is associated with increased prevalence of cardiovascular risk factors (395, 396). Low
serum concentrations of 25 hydroxyvitamin D (250HD) are associated with higher
cardiovascular risk (397, 398), are independently associated with insulin resistance and
predict the development of hyperglycaemia in non-diabetic Caucasians (399, 400). Vitamin D
deficiency is very common in women with PCOS, with 67-85% having serum concentrations
of 250HD <20 ng/ml that correlate with obesity and increased insulin resistance, testosterone
and DHEAS levels (368, 371, 401). Studies have revealed that vitamin D replacement
therapy may have beneficial effects on insulin resistance and improve menstrual frequency
and influence steroidogenesis of the sex hormones oestradiol and progesterone in obese
women with PCOS (378, 402). Furthermore, studies have shown that increased exposure to
sunlight and an increased consumption of oily fish and fish oils, that contain large amounts of
vitamin D, protect against coronary heart disease (403-405). We have shown that in patients
with PCOS, atorvastatin increases vitamin D levels that correlate with a reduction in
inflammatory and oxidative stress markers (380, 406). However, there are studies which have
not shown any benefits of vitamin D supplementation in women with PCOS. In one of the
trials administering single oral doses of 300,000 units of vitamin D3 did not cause any
significant changes in fasting glucose, fasting insulin, testosterone and DHEAS levels (378).

Similarly, in another two trials high doses of vitamin D had no significant effects on insulin
sensitivity but lipid profile was improved (407, 408). Furthermore, in a recent systematic
review inverse relationship between vitamin D and metabolic disturbances has been

suggested but controversy in many studies has made it difficult to draw a definite conclusion,
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and the authors have suggested that further drug-placebo clinical trials could lead to more
accurate results (409).

Women with PCOS are also at increased risk of developing NAFLD as a hepatic
manifestation of the metabolic syndrome, which encompasses a spectrum of diseases
progressing from simple steatosis to NASH and ultimately to cirrhosis (185, 410). NAFLD is
recognized as the most common form of liver disease and the leading cause of cirrhosis in the
Western world with a worldwide prevalence of 6.3-33%, increasing to 75% in the presence of
obesity and type 2 diabetes (179, 182), and with a 2.6 fold increased mortality. NAFLD’s
association with type 2 diabetes has recently been suggested as a novel cardiovascular risk
marker (411). Hepatic steatosis develops due to anomalous lipid handling by the liver that
sensitizes it to injury and inflammation. Subsequent increased hepatocyte injury characterises
NASH that is associated with a mixed acute and chronic lobular inflammation, hepatocellular
ballooning and perisinusoidal fibrosis (177). As a likely consequence, NASH is associated
with a 30% risk of developing progressive fibrosis leading to cirrhosis and hepatocellular
carcinoma.

Women with PCOS have a high prevalence of metabolic syndrome and its associated
NAFLD (ranges from 15-55% depending on the diagnostic index used) that is linked to
increased long-term risk of cardiovascular outcomes (174, 412). Several studies have shown
that NAFLD in PCOS is directly related to BMI with a higher prevalence with obesity (410).
Emerging evidence has associated NAFLD with vitamin D deficiency and, epidemiologically,
both of these conditions share multiple cardiometabolic risk factors (413).

It has been recommended that early recognition of NAFLD in women with PCOS, and its
subsequent monitoring and intervention, is important because these women can develop a
more severe and progressive liver disease at a much younger age, especially those with

insulin resistance, with or without the metabolic syndrome (414). The progression of
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NAFLD is potentially reversible, and therefore its identification is important (206). Liver
biopsy remains the gold standard diagnostic and staging test but it has a recognised morbidity
and mortality and is used sparingly. Consequently, there is a strong consensus that non-
invasive markers should be the first choice to exclude significant fibrosis due to their good
inter-laboratory reproducibility, high reliability and widespread availability (415), reserving
liver biopsy for cases where non-invasive tests are unable to exclude it. The ELF test is one
of the first commercially available serum multi-marker fibrosis tests (416). ELF has been
validated in a mix of patient groups in a large multicentre study and was subsequently found
to be accurate in detecting early fibrosis and at least as good as liver biopsy at predicting liver
disease related outcomes (417, 418). Furthermore, it is suggested that ELF may be better than
liver biopsy for predicting clinical outcomes, reflecting the on-going disease progression that
a biopsy cannot follow (211).

This double blind randomized placebo controlled study was conducted to assess the
metabolic, hormonal and cardiovascular effects of vitamin D supplementation in PCOS

women with vitamin D deficiency.

3.2 Subjects and methods:

3.2.1 Ethical approval and informed consent:

This study was registered in the ClinicalTrials.gov registry as NCT02513381. Explained in
chapter 2 section 2.1.1

3.2.2 Patient selection and recruitment:

Fifty-four reproductive-aged women (18-45 years) diagnosed with PCOS based on all three
diagnostic criteria of the Rotterdam consensus were screened for vitamin D deficiency (20).
The participants were considered vitamin D-deficient when their serum 250H-D level was

less than 50 nmol/L (20 ng/mL). None had NAFLD on ultrasound.
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The value of 50nmol/l was taken from Endocrine Society Clinical Practice Guideline, which
recommends using the serum circulating 25-hydroxyvitamin D [25(OH)D] level to evaluate
vitamin D status in patients who are at risk for vitamin D deficiency. Vitamin D deficiency is
defined as a 25(OH)D below 20 ng/ml (50 nmol/liter), and vitamin D insufficiency as a
25(0OH)D of 21-29 ng/ml (52.5-72.5 nmol/liter) (419).

There is an extensive literature suggesting that vitamin D level below 50nmol/liter is
associated with increased cardiovascular events. For example, data from National Health and
Nutrition Examination Survey has shown that 25-hydroxyvitamin D levels were inversely
related to the following cardiovascular risk factors: blood pressure >140/90 mm Hg, blood
glucose >125 mg/dL (6.95 mmol per L), and BMI of 30 kg per m? or greater (420). Similarly,
Framingham Offspring Study cohort showed that there was a 62% higher risk of
cardiovascular events in patients whose 25-hydroxyvitamin D level < 15 ng/mL (38 nmol/L),

compared with those whose level was 15 ng per mL or greater (421).
3.2.3 Recruitment criteria:
3.2.3.1 Inclusion criteria:

1) Caucasian women, aged 18-45 years, with confirmed diagnosis of PCOS based on all
three diagnostic criteria of the Rotterdam consensus (422).
2) Irregular periods with raised FAI

3) Vitamin D <50 nmol/L.

3.2.3.2 Exclusion criteria:

1) Non-classical 21-hydroxylase deficiency, hyperprolactinaemia, Cushing’s disease and

androgen-secreting tumours were excluded by appropriate tests if clinically indicated.
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2)

3)

4)

5)
6)
7)
8)

9)

Any concurrent illness including type 2 diabetes, subjects who were on any medication
(including medications that interfere with calceotrophic hormones) for the preceding 6
months.

Women planning to conceive.

Women who were using any oral or implantable contraceptives or any other treatments
likely to affect ovarian function, insulin sensitivity or lipids for at least 3 months before
entering the study. Stable dose of metformin for 3 months was allowed. Subjects were
advised to use barrier contraception during the study period.

Estimated Glomerular Filtration rate (eGFR) <60.

Hypersensitivity to vitamin D or any of the excipients in the product.

Peanut or soya allergy.

Nephrolithiasis.

Diseases or conditions resulting in hypercalcaemia and/or hypercalciuria.

All participants were advised to maintain their usual dietary and lifestyle habits during the

study. In addition, participants were also advised not to modify lifestyle factors, such as

smoking status, sunlight exposure, and physical activity during the study that could affect the

levels of vitamin D and metabolic indices.

3.2.4 Study visits:

This study included three visits to the Diabetes & Endocrinology Research Centre,

Brocklehurst Building, Hull Royal Infirmary. The details for study visit are given below in

the Table 3.1:

Page 106 of 255



Visitl (Screening) | Visit 2 (Week Visit 3 (Week
0) 12)

Consent X
Medical history X
Inclusion/Exclusion X
Full physical examination X
BP, Pulse rate X X X
Height, weight, hip & waist X X
circumference, TANITA
Stiffness of arteries-EndoPAT X X
Fasting overnight X X
Blood tests X X X
Urine sample X X
Adipose tissue biopsy X X
(Optional)
Study medications dispensed X
Adverse event recording X

Table 3.1: Vitamin D study timetable
Legend: BP, Blood pressure; TANITA, Body composition analyzer; EndoPAT, Endothelial-
Peripheral arterial tonometry

3.2.5 Randomization and blinding:

A double blind, randomized, placebo-controlled study was undertaken using vitamin D 3200
IU daily. Forty patients who fulfilled both inclusion and exclusion criteria were randomly
assigned to the vitamin D 3200 IU or placebo group based on a computer-generated
randomization list by Essential Nutrition Ltd, UK. The National Osteoporosis Society
guidelines recommend treating patients who have serum 250HD levels between 30-50
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nmol/L and are at increased risk of developing vitamin D deficiency in the future because of

reduced exposure to sunlight, common in PCOS (423).

3.3 Study measurements:

3.3.1 Anthropometric measures:

Already explained in chapter 2 section 2.3.4

3.3.2 Blood sampling and laboratory analysis:

Already explained in chapter 2 section 2.3.4

3.3.3 Enhanced liver fibrosis score:

Already explained in chapter 2 section 2.3.5

3.4 Statistical plan:

3.4.1 Sample size calculation:

In order to look at the inflammation marker hs-CRP, the minimum difference worth
detecting/observed difference was 32.7%, estimated within-group SD was 11.1; therefore, for
90% power and a significance level of 5%, a sample size of 16 per group was calculated
(411). Specifically for liver biomarkers, the sample size was based on the study by Kahal et al
(348), on the change in PIIINP in a group of patients with PCOS treated for their metabolic
dysfunction. The minimum difference worth detecting/observed difference was 0.9 with an
effect size of 1.12. Adjusting for a possible 20% dropout rate, a total of 40 patients were

recruited (nQuery, Statistical Solutions, Saugus, USA).

3.4.2 Statistical analysis:

The two randomized groups were compared statistically at baseline. Comparisons between

both the two groups from baseline were carried out using the paired t-test. The Wilcoxon
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signed rank test was applied to data that violated the assumptions of normality when tested
using the Shapiro-Wilk test. The effect of treatment on MPs was first evaluated by
calculating the percentage change from baseline and then the percentage change for each
variable in each patient group, thus negating the differences in the baseline values of the two

groups. The formula used for measuring percent change was:

New Value(V3)—Baseline Value(V2)
Baseline Value (V2)

x 100

Between-group comparison of percent changes was performed using independent-samples t-
test. The Wilcoxon rank-sum test (Mann-Whitney U test) was applied to data that violated
the assumptions of normality when tested using the Shapiro-Wilk test for normality. For all
analyses, a two-tailed P < 0.05 was considered to indicate statistical significance. Statistical
analysis was performed using IBM SPSS Statistics for Windows, version 24.0 (Armonk, NY:

IBM Corp.).

3.5 Results:

3.5.1 Recruitment and progress of patients in trial:

Thirty-seven patients completed the 3-months study period. Two patients from the vitamin D

group and one patient from placebo group dropped out of the study (figure 3.1).
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Assessed for eligibility (n=54)

Excluded (n=14)
Vitamin D levels >50nmol/L

Randomized (n=40)

/\

Assigned to Vitamin D 3200 IU (n=20)

Lost to follow up (n=1)
Excluded due to pregnancy (n=1)

Completed and analysed (n=18)

Figure 3.1: Flow chart showing the progress of patients through the trial

3.5.2 Compliance:

Assigned to Placebo (n=20)

Lost to follow up (n=1)

Completed and analysed (n=19)

The compliance with treatment was calculated by counting the returned medications. After

their exclusion, compliance was 99% in both groups by counting returned medication. None

of the subjects developed any significant side effects in the course of the study.
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3.5.3 Baseline characteristics of patients and changes after vitamin D or

placebo supplementation:

Parameters Vitamin D group Placebo group P value
Age (years) 28.6+55 29.1+75 0.8
BMI (kg/m?) 35.4+10.6 33.8+7.2 0.6
Waist circumference (cm) 98.9+21.1 98.3+16.1 0.9
Hip circumference (cm) 119.1+19.5 116 +15.3 0.6
SBP (mmHg) 116.7 9.0 121.3+15.6 0.3
DBP (mmHg) 72.2+10.3 80.9 + 10.7 0.01*
RHI 20+ 0.5 16+04 0.02*
Al 1.3+13.3 46118 0.3
FAI 6.3+5.1 55+3.1 0.6
Testosterone (nmol/L) 1.40+0.8 1.1+04 0.3
SHBG (nmol/L) 29.7 +19.6 23.4+10.7 0.5
Androstenedione (nmol/L) 57+3.2 46+19 0.2
DHEAS (umol/L) 6.4+3.9 6.4+35 0.8
PTH (pmol/L) 50+18 3.0+£0.9 <0.01*
ELF 8.2+04 7.8+ 0.6 0.02*
HA (ng/mL) 19.5+9.8 12.0+5.9 0.01*
TIMP-1(ng/mL) 167.7 + 29.4 164.2 + 44.7 0.9
PIIINP (ng/mL) 7.8+2.0 6.7+ 1.6 0.09
ALT (1U/L) 27+ 122 20.1+56 0.05*
250HD (nmol/L) 25.6+11.4 31.3+£10.7 0.1
hs-CRP (mg/L) 6.1+8.3 56+5.2 0.7
FSH (1U/L) 55+1.6 6.4+ 3.0 0.4
9467 10.5+6.9 0.5
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LH (IU/L)

Estradiol (pmol/L) 283.9+214.9 238.7 +193.0 0.3
170HP (nmol/L) 22+1.3 19+ 17 0.7
TC (mmol/L) 47+0.9 49+0.8 0.9
LDL (mmol/L) 3.0+0.7 3.7+0.7 0.9
HDL (mmol/L) 1.4+03 1.3+0.3 0.7
Triglycerides (mmol/L) 1.2+0.6 1.2+05 0.6
Cholesterol-HDL ratio 3.8+10 39+09 0.8
Non-HDL cholesterol 35+0.8 3.6+0.8 0.8
Fasting glucose (hmol/L) 47+04 48+04 0.4
Fasting insulin (UIU/L) 14.1+10.7 11.7+6.5 0.6
Basal metabolic rate (kcal) 1710.4 + 337.6 1628.9 + 214.2 0.4
Fat % 42.4+9.3 44.0+8.0 0.6
Fat mass (kg) 440+22.1 429+17.1 0.9
Fat free mass (kg) 53.8+9.5 51.0+5.6 0.3
Total body water (kg) 39.4+6.9 374+4.1 0.3
Whole body impedance (Q2) 598.1 +94.4 641.2 + 56.9 0.1
Trunk fat % 39.5+9.7 42.9+8.9 0.3
Trunk fat mass (kg) 21.4+10.3 22.7+95 0.7
Trunk fat free mass (kg) 29.8 +4.7 28.1+2.8 0.2

Table 3.2: Baseline anthropometric, hormonal and metabolic measurements between the
vitamin D group and placebo group

Legend: Abbreviations: 250HD, 25-hydroxyvitamin D; ELF Score, Enhanced Liver Fibrosis; HA, Hyaluronic
acid; PIINP, Amino-terminal propeptide of type Il procollagen; TIMP-1, Tissue inhibitor of metallo-
proteinases-1; ALT, Alanine Aminotransferase; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FAIl, Free androgen index; SHBG, Sex hormone binding globulin; DHEAS,
Dehydroepiandrosterone sulphate; 170HP, 17-hydroxyprogesterone; PTH, Parathyroid hormone; FSH, Follicle
stimulating hormone; LH, Luteinizing hormone; RHI, Reactive hyperaemic index; Al, Augmentation index; TC,
total cholesterol; TG, triglycerides; LDL, low density lipoproteins; HDL, high density lipoproteins; hs-CRP,
high sensitivity-C-reactive protein. Data are presented as mean + SD. * = p<0.05
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The mean age group of patients was 28.6 + 6.4 years (vitamin D 28.6 £ 5.5 vs. placebo 29.1 +
7.5 years). The baseline comparison between vitamin D levels, anthropometric, hormonal and
biochemical parameters of the two groups are given in Table 3.2. There were only few
variables including DBP, RHI, PTH, ELF, HA and ALT that were significantly different

between groups at baseline.
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Vitamin D group (n = 18)

Placebo group (n = 19)

% Change

Parameter Baseline 12 week Baseline 12 week Vitamin D Placebo P value
250HD (nmol/L) 256+114 90.4 £ 19.5** 309+11.1 47.6 £ 20.5** 319.3+213.9 59.5 + 56.7 <0.01**
ELF Score 8.2+04 7.6 +0.8** 7.8+0.6 7.8+0.7 -7.6£9.6 0.4+8.9 0.02*
HA (ng/mL) 19.5+9.8 12.1 £6.2** 12.0+£59 13.0+6.7 -31.2£31.9 16.9+57.1 0.006**
PHINP (ng/mL) 7.8+2.0 6.2 +1.9** 6.7+16 7.1+272 -18.6 + 20.4 8.0+27.2 0.003**
TIMP-1 (ng/mL) 167.7£29.4 138.5+44.7* 164.2 + 44.7 1604 +41.1 -15.3£29.6 0.7 +£26.8 0.1
ALT (IU/L) 27+12.2 22.1+115* 20.1+5.6 24.4 + 8.7 -16.7 £25.7 21.9+28.3 <0.001**
Weight (kg) 979+ 31.3 98.2+31.9 93.8 + 22.3 94.3+21.5 04+38 0.6£2.6 0.8
BMI (kg/m?) 35.4+10.6 35.5+10.8 33.8+7.2 340x7.0 04+38 0.6£2.6 0.8
Waist (cm) 98.9+21.1 98.8 +22.1 98.3+16.1 97.3+16.2 -0.2+34 -1.0+23 0.4
Hip (cm) 119.1+£195 118.2+21.4 116 +15.3 115.6 £15.8 -1.0+34 -04+£2.0 0.5
SBP (mmHg) 116.7 £9.0 115.8 + 14.6 121.3+15.6 122 +12.5 -09+7.8 11+7.6 0.4
DBP (mmHg) 72.2 +10.3 735+ 135 80.9 +10.7 80.6 + 10.7 1.7+11.8 -0.2+6.9 0.6
FAI 6.3+5.1 5.2+3.0 55+3.3 59+34 5.3+67.7 10.7+31.2 0.8
Testosterone (nmol/L) 14+0.8 1.2+0.1 1.1+04 12+04 -0.6 £ 45.3 11.3+27.3 0.3
SHBG (nmol/L) 29.7+19.6 29.7+22.2 23.4+10.7 24+£12.5 1.0+16.1 2.8+17.9 0.7
Androstenedione (nmol/L) 57+3.3 53+25 46+1.9 4720 58.7 + 271.2 -0.5+34.3 0.4
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DHEAS (umol/L) 6.4+3.9 5.9+3.6 6.4+35 6.3+3.1 -7.8+20.6 0.6+21.0 0.2
170HP (nmol/L) 22+13 2.7+3.3 19+17 18+17 22.8+123.3 25.5+134.8 1.0
PTH (pmol/L) 50+1.38 4.0+2.1* 3.0+0.9 3.0+13 -184+31.1 1.8+34.2 0.1
FSH (1U/L) 55+16 6.4+23 6.4+3.0 6.9+3.3 30.0+73.3 11.8+36.1 0.4
LH (1U/L) 94+6.7 12.1+12.2 105+6.9 9.2+5.3 86.3+191.2 18.4 +£85.8 0.2
Oestradiol (pmol/L) 283.9+214.9 312.6 + 286.7 238.7 +£193.0 240.2 £ 170.6 54.3 £ 160.0 28.6 £ 86.3 0.5
Fasting glucose (mmol/L) 47104 4.8+0.6 48+04 48+0.5 -2.7+258 0.7+7.6 0.6
Fasting insulin (uIU/ml) 141 +10.7 154 +12.2 11.7 £ 6.5 12.8+8.0 11.2+43.2 0.7+7.6 0.3
HOMA-IR 3.0+23 3.5+33 2616 29+20 10.3+57.9 19.3+54.3 0.6
hs-CRP (mg/L) 6.1+8.3 6.5+11.7 5.6 +5.2 6.1+5.6 17.7+67.0 15.6 £45.5 0.9
RHI 20+0.1 19+0.1 16+0.1 1.7+0.1 -23%+79 -6.6+5.6 0.7
Al 1.3+3.2 15+42 4627 3.9+23 -310.9 £313.0 173.2+152.8 0.2
TC (mmol/L) 49+0.7 5.0+ 0.9 49+0.8 49+0.8 3.7+£10.8 0.9+15.0 0.5
LDL-C (mmol/L) 3.0+0.7 3.1+0.7 3.0+£0.7 2.9+0.6 57+17.3 0.8+21.9 0.5
HDL-C (mmol/L) 1.4+0.3 13+04 1.3+0.3 1.3+0.3 -0.4+10.8 -25+6.7 0.5
TG (mmol/L) 1.2+0.6 1.3+0.8 12+05 1.5+0.7 4.4 +289 22.1+£459 0.2
Cholesterol : HDL ratio 3.8%£1.0 40+1.2 3.9%0.9 4.0+0.9 4.6 +10.7 3.2+13.7 0.7
Non-HDL Cholesterol 35+0.8 3.7+0.9 3.6+0.8 3.6+0.8 6.0+ 14.3 2.7+20.1 0.6
BMR (kcal) 1710.4 + 337.6 1722.7 + 354.2 1628.9 + 214.2 1648.8 + 225.4 0.6 +2.7 1.2+27 0.6
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Fat % 42.4+9.3 423+94 44.0+8.0 43.7+74 -0.3+5.2 -0.5+3.8 0.9
Fat Mass (kg) 440+ 221 4414222 429+17.1 42.6 £16.0 04+83 02+51 1.0
FFEM (kg) 53.8+9.5 54.2+10.0 51.0+5.6 51.8+6.2 0.7+28 1.5+32 0.4
TBW (kg) 39.4+6.9 39.7+73 374+4.1 37.9+4.6 0.7+28 1.5+£32 0.4
WBI (Q) 598.1+94.4 593.4 £ 99.6 641.2 £56.9 625.7+71.9 -0.9+4.2 -25%5.2 0.3
Trunk Fat% 39.5+9.7 39.2+9.7 429+89 42.1+8.0 -09+73 -1.4+5.8 0.8
Trunk Fat Mass (kg) 21.4+10.3 21.2+9.7 22.7+9.5 22.2+8.7 -0.5+10.0 -1.0+6.8 0.9
Trunk FFM (kg) 29.8+4.7 30.0+5.0 28.1+28 28.7+3.2 06+28 2.2+55 0.3
Urine Ca/Cr ratio 02+0.1 1.2+0.2 03+0.1 1.1+0.1 4.0 +38.6 0.2+425 0.8

Table 3.3: Comparison of anthropometric, metabolic and hormonal parameters before and after Vitamin D or placebo supplementation

Legend: Abbreviations: 250HD, 25-hydroxyvitamin D; ELF Score, Enhanced Liver Fibrosis; HA, Hyaluronic acid; PIINP, Amino-terminal propeptide of type Il
procollagen; TIMP-1, Tissue inhibitor of metallo-proteinases-1; ALT, Alanine Aminotransferase; BMI, body mass index; SBP, systolic blood pressure in; DBP, diastolic
blood pressure; FAI, Free androgen index; SHBG, Sex hormone binding globulin; DHEAS, Dehydroepiandrosterone sulphate; 170HP, 17-hydroxyprogesterone; PTH,
Parathyroid hormone; FSH, Follicle stimulating hormone; LH, Leuteinizing hormone; HOMA-IR, Homeostatic Model Assessment of Insulin resistance; RHI, Reactive
hyperaemic index; Al, Augmentation index; TC, total cholesterol; TG, triglycerides; LDL, low density lipoproteins; HDL, high density lipoproteins; hs-CRP, high sensitivity-
C-reactive protein, BMR, Basal metabolic rate; FFM, Fat free mass; TBW, Total body water; WBI, Whole body bioelectrical impedance; Urine Ca/Cr ratio, Urine calcium
creatinine ratio.

Data are presented as mean + SD. All serum results are obtained from fasting variables. Percent change is the percent difference compared with the baseline. To convert
values for glucose to milligrams per deciliter, divide by 0.056. To convert values for insulin to picomoles per liter, multiply by 7. To convert values for cholesterol to
milligrams per deciliter, divide by 0.0259. To convert values for triglycerides to milligrams per deciliter, divide by 0.0113.

* = p<0.05, **=p<0.01, P value = % change of the difference between Groups (95% CI)
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3.5.4 Vitamin D supplementation:
The study started in July 2015 and the last patient, last visit was in November 2016. Vitamin
D levels increased in both groups but much greater in patients who were randomised to

vitamin D, confirming adherence (figure 3.2).
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Figure 3.2: Boxplot comparing the change in 25-hydroxyvitamin D after supplementation
with either vitamin D 32001U or placebo daily for 12 weeks
3.5.5 EFL score change after supplementation:

There was a significant reduction in individual liver fibrosis markers (HA, PIHINP, TIMP-1)
and their cumulative ELF score in patients randomized to vitamin D (Figure 3.3), whereas

there were no changes in any of these parameters in the placebo group (table 3.3).
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Figu re 3: Boxplot comparing the change in ELF score after Vitamin D 3200 IU or
placebo supplementation daily for 12 weeks

ELF Score
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Figure 3.3: Boxplot comparing the change in ELF score after supplementation with either
vitamin D 32001U or placebo daily for 12 weeks

The percent change in liver fibrosis markers (HA, PIIINP) and their cumulative ELF score
(vitamin D, -7.6 £ 9.6 vs. placebo, 0.4 £ 8.9; p=0.02) between groups was also significantly
higher in the vitamin D group compared to placebo. This reduction in ELF score was also
associated with a significant improvement in alanine aminotransferase (ALT) levels in the
vitamin D group (-16.7% + 25.7 vs 21.9 + 28.3; p<0.001) but unchanged in the placebo group.
FAI and testosterone levels did not differ between groups. There were no significant changes
in body mass index (BMI), weight, hip circumference, waist circumference, blood pressure,
HOMA-IR, hs-CRP, total cholesterol, LDL-C, HDL-C, triglycerides, urine Ca/Cr ratio and
body composition parameters (fat mass, fat percent, fat free mass, bioelectrical impedance) in
either group. The adipose tissue biopsy was included in the study that was optional and
cosmetically unacceptable for the patients. Therefore, there were not sufficient samples

available for analysis.
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3.6 Discussion:

This is the first study to have shown the direct beneficial effects of vitamin D
supplementation on the risk factors of hepatic fibrosis in women with PCOS. Three months
treatment with vitamin D 3200 IU in obese women with PCOS resulted in significant
improvements in liver fibrosis markers (HA, PIIINP, TIMP-1) and their cumulative ELF
score. Although the ALT levels were within the reference range, there was a significant
decrease with vitamin D that was associated with the decrease in the ELF score. These
changes are in accordance with the recent studies in both animals (424, 425) and humans
(426-428) on the effects of vitamin D on hepatic steatosis and NAFLD with or without
fibrosis. Significant improvements in hepatic steatosis in vitamin D deficient NAFLD
patients, assessed using FibroScan (transient elastrography) were seen after four weeks of
vitamin D supplementation (426) that were independent of any change in BMI, but did show
improvement in ALT levels in accord with the study here. Others have shown significant
improvements in inflammatory and oxidative stress markers, hs-CRP and malondialdehyde
(MDA), in NAFLD following four weeks of vitamin D supplementation (428). However,
there were no changes in HOMA-IR and hepatic steatosis as measured using ultrasound,
despite significant improvements in BMI and ALT levels, a result likely due to
ultrasonography having such low sensitivity for detecting hepatic steatosis and early fibrotic
changes compared to transient elastrography (426, 429).

There is an emerging data suggesting that ALT has a role as a predictor of mortality
independent of liver disease and is an indicator of general health (430). The ALT in this study
was within normal range in vitamin D group, but in obese women with PCOS, underlying
NAFLD could put them at high risk for development of atherosclerotic cardiovascular disease,

and any improvement in ALT levels may reduce that risk.
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The gold standard test for diagnosing NAFLD and staging advanced disease is the liver
biopsy that is limited due to sampling error, cost and related morbidity and mortality.
Endocrine Society clinical practice guidelines (28) and American Association for the Study
of Liver Diseases (AASLD) (414) recommend non-invasive serum markers for screening
liver dysfunction in women with PCOS, especially those with metabolic risk factors, and
liver biopsy should be considered only in those patients with raised serum markers. Several
non-invasive markers have been researched but none of them has sufficient sensitivity and
specificity in differentiating between NAFLD with or without fibrosis. The National Institute
for Health and Care Excellence (NICE) guidelines recommend the ELF score to test for and
monitor advanced liver fibrosis in NAFLD patients (431). The ELF score is the first direct
marker panel of liver fibrosis, which combines the three serum biomarkers HA, PI1INP and

TIMP1, each of which reflect ongoing sinusoidal fibrogenesis in the liver. ELF has been

validated to be very accurate in differentiating mild (< 7.7), moderate (= 7.7 to < 9.8) and

severe fibrosis (= 9.8) and is suggested to be a useful prognostic tool, as good as liver biopsy,

at predicting clinical outcomes (211, 416). In adjusted models, a unit increase in ELF was
associated with a doubling of the risk of liver-related clinical outcomes (211, 418). In our
study, the treatment group went from a moderate to a mild fibrosis category indicated by a
significant drop in ELF score, suggesting an estimated 60% reduction in liver fibrosis
progression in NAFLD patients after vitamin D supplementation. Other non-invasive
analyses of liver function are available such as BARD score, APRI score and the FIB4 index
that correlate well with each other and the ELF score, though the ELF score may be better at
determining liver changes after therapy (432).

Several potential mechanisms have been suggested by which vitamin D reduces the

progression of hepatic steatosis to NASH and hepatic fibrosis in NAFLD patients (413). The
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key process that leads to the development of liver fibrosis in NAFLD patients is the
activation of hepatic stellate cells (HSCs), by fatty infiltration, with subsequent excessive
deposition of extracellular matrix (ECM) and destruction of normal liver architecture. The
three individual biomarkers in the ELF score reflect the integral ECM components of
fibrogenic and fibrolytic processes (413, 433). Recent studies have shown that HSCs express
vitamin D receptors (VDR) that when activated can inhibit HSC proliferation by suppressing
fibrotic gene expression (433). These data are in accord with in-vitro studies on human cells
(427) and an animal model of liver injury (425) that showed vitamin D treatment inhibited
fibrogenesis. In addition, vitamin D suppresses hepatic steatosis and fibrosis by enhancing
hepatic autophagy in animal studies (424).

No changes in body weight, BMI, insulin resistance, FAI and inflammatory markers were
seen in this study, in accord with recent vitamin D trials with or without metformin in women
with PCOS (376, 401, 434). This suggests that vitamin D may act on hepatic cells directly
reducing hepatic fibrosis markers rather than indirectly via insulin resistance. Similarly, no
changes were seen in testosterone levels in accord with a recent meta-analysis on vitamin D
effects in PCOS (435). There was no significant improvement in endothelial function,
measured by EndoPAT machine and expressed as RHI and Al, after 12 weeks of vitamin D
supplementation. These results are in accord with the findings seen in recent trials that
revealed improvement in RHI after vitamin D treatment but was not significant as compared
to placebo group (436, 437). Similarly, low vitamin D levels have been shown to be
associated with dyslipidaemia and abnormal body composition parameters (fat mass, fat
percent, fat free mass, bioelectrical impedance) but its supplementation has not shown to
improve these parameters (438-440). The most likely possible, reason for no improvement in

all these parameters could be either the dose of vitamin D or the duration of treatment was
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not enough to make significant changes as shown in the evidence that the effects of vitamin D
are dependent on the dose and duration of treatment (441).

A limitation of the study was that a liver biopsy was not undertaken; while this might have
added weight to our findings, clinically the biopsy was not warranted. Another limitation was
that the vitamin D levels were also raised slightly in placebo group due to seasonal variations;
however, the increase was not as significant as in the vitamin D group and also remained
within vitamin D deficiency range as shown in figure 2. Whilst a stable dose of metformin
was an inclusion criteria in our study that has been shown to improve biochemical and
metabolic variables in NAFLD (442, 443). 1t is unlikely that metformin would have
contributed to the vitamin D effects reported since more patients on stable dose of metformin
were in the placebo group (8 patients in the placebo group and only 3 in the active group
were on metformin).

A major strength of the study was the low dropout rate and the high level of compliance with
medication (99%). In addition, the method used to detect the early fibrosis in these patients
has been validated to be accurate in differing patient groups.

3.7 Conclusion:

This is the first study that has shown the direct beneficial effects of vitamin D
supplementation on markers of hepatic fibrosis in women with PCOS shown by a reduction

in the ELF score and its constituent liver fibrosis markers (HA, PIIINP, TIMP-1).
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4 Chapter 4: The effect of vitamin D on endothelial
microparticles as a measure of endothelial dysfunction in
women with PCOS

4.1 Introduction:

In the previous chapter, it was shown that vitamin D supplementation improved metabolic
risk factors in PCOS with an improved ELF score. PCOS is also associated with endothelial
dysfunction that is one of the earliest signs and a prognostic marker of future atheromatous
cardiovascular disease (444). The endothelial cells play an important role in the maintenance
of a healthy vascular wall through maintenance of relaxed vascular tone with low levels of
oxidative stress by releasing mediators, especially endothelial nitric oxide (NO). In addition,
the endothelium actively controls vascular permeability to plasma constituents, leukocytes
and platelets adhesion and aggregation, and thrombosis (305). Dysfunctional endothelium
results in abnormal activation and adhesion of platelets and leukocytes as well as the release
of cytokines resulting in increased permeability of the vessel wall to oxidized lipoproteins
and inflammatory mediators, causing in arterial wall structural damage and atherosclerotic
plaque formation (445). Multiple metabolic cardiovascular risk factors, many that are
common to PCOS, accelerate the process of endothelial dysfunction leading to an increased
risk of cardiovascular events (446).

Microparticles (MPs) are a heterogeneous population of extracellular vesicles (0.1-1 um)
released from the cell membrane during cell activation and apoptosis that contribute to the
induction of endothelial cell modifications, differentiation, inflammation and angiogenesis
(447, 448). EMPs levels have been shown to be increased in a variety of cardiovascular and
atherothrombotic diseases such as diabetes, obesity, end-stage renal disease, acute coronary

syndromes, cancers, inflammatory disorders and autoimmune diseases (449). In acute
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coronary syndrome and diabetic patients, EMPs correlate positively with the extent and
severity of coronary stenosis and represent a more robust predictor of cardiovascular events
occurrence in diabetic patients as compared to traditional markers of endothelial activation
(450). Similar results have been found in patients with end-stage renal disease, obesity and
pulmonary hypertension (449). Thus, increased levels of EMPs in plasma not only reflect
endothelial cell activation or apoptosis, but also represent endothelial dysfunction. Recent
trials have revealed that PCOS patients have higher levels of EMPs that are suggested to
promote endothelial dysfunction by suppressing the production of NO and prostacyclin and
are an emerging surrogate marker of endothelial dysfunction (447, 448). The microparticles
released from endothelial cells express specific surface proteins. The flow cytometry analysis
of EMPs relies on the use of these markers for the identification and quantification of
endothelial origin of MPs. The most common endothelial proteins expressed are CD31, CD54,
CD62, CD105, CD106, CD142, CD144, and CD146 (389).

Recent evidence suggests that vitamin D deficiency (VDD) in the general population is
associated with increased future cardiovascular risk, carotid intima-medial thickness and is
positively correlated with endothelial dysfunction (451). EMPs were found to be elevated in a
diabetes population compared to non-diabetes subjects that were negatively correlated with
vitamin D levels (452). Several trials have shown that vitamin D supplementation
improved endothelial function in various diseases associated with vitamin D deficiency, and a
recent in vitro study has revealed that vitamin D suppressed the oxidative stress induced
release of endothelial microparticles in cultured human umbilical vein cells (453, 454).
Compared to the general population a relatively higher prevalence of VDD has been observed
among women with PCOS (approximately 67%-85%) and studies have shown that VDD in
PCOS was associated with hyperandrogenism, insulin resistance, menstrual irregularities,

ovulatory dysfunction, obesity and high cardiovascular disease risk factors (366).
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Additionally, vitamin D supplementation has been shown to improve various endocrine and
metabolic dysfunction in women with PCOS (455, 456) but studies in PCOS looking at the
effects of vitamin D supplementation on endothelial microparticles are lacking.

In this study, the aim was to investigate whether vitamin D supplementation could improve
endothelial dysfunction as evaluated by decreased EMPs production in obese, vitamin D

deficient women with PCOS.

4.2 Material and methods:

4.2.1 Patient selection:

The patient selection is explained in chapter 3 section 3.2.2.

4.2.2 Ethical approval and informed consent:

This study was registered in the ClinicalTrials.gov registry as NCT02513381. Further details

are mentioned in chapter 2 sections 2.1.1 and 2.1.2.

4.2.3 Patient recruitment criteria:

The inclusion and exclusion criteria has been discussed in chapter 3 section 3.2.3

4.2.4 Study visits:

The study visits has been explained in chapter 3 section 3.2.4

4.2.5 Randomization and blinding:

Explained in chapter 3 section 3.2.3

4.2.6 Anthropometric measures:

Described in section 2.3.4
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4.2.7 Blood sampling and laboratory analyses:

Described in section 2.3.4

4.2.8 Microparticles quantification:

The details have been discussed in chapter 2 section 2.3.2.

In this study, a Becton Dickinson FACS Calibur instrument (BD Biosciences, Oxford, UK)
was used to quantify EMPs. Firstly, citrated whole blood tubes were spun at 180 x g for 10
minutes and then subsequently spun at 12,000 x g for 10 min to remove platelets. The
antibodies used in this study were FITC Mouse Anti-Human CD31, FITC Mouse anti Human
CD54, FITC Mouse anti Human CD62, FITC Mouse Anti-Human CD 105, FITC Mouse
Anti-Human CD 106, FITC Mouse Anti-Human CD 144 and FITC Mouse Anti-Human CD

146.

4.3 Statistical plan:

4.3.1 Sample size calculation:

The sample size calculation has been explained in chapter 3 section 4.4.1

4.3.2 Statistical analysis:

The two randomized groups were compared statistically at baseline. Comparisons between
both the two groups from baseline were carried out using the paired t-test. The Wilcoxon
signed rank test was applied to data that violated the assumptions of normality when tested
using the Shapiro-Wilk test. The effect of treatment on MPs was first evaluated by
calculating the percentage change from baseline and then the percentage change for each
variable in each patient group, thus negating the differences in the baseline values of the two

groups. The formula used for measuring percent change was:

New Value(V3)—Baseline Value(V2)

- x 100
Baseline Value (V2)

Page 126 of 255



Between-group comparison of percent changes was performed using independent-samples t-
test. The Wilcoxon rank-sum test (Mann—Whitney U test) was applied to data that violated
the assumptions of normality when tested using the Shapiro-Wilk test. For all analyses, a
two-tailed P <0.05 was considered to indicate statistical significance. Statistical analysis was

performed using IBM SPSS Statistics for Windows, version 24.0 (Armonk, NY: IBM Corp.).

4.4 Results:

4.4.1 Baseline characteristics and microparticles of patients:

The baseline comparison of anthropometric, hormonal and cardiovascular markers between
vitamin D and placebo groups has been explained in chapter 3, section 3.5.3 and table 3.2.
The baseline comparison of microparticles between vitamin D and placebo groups is shown
below in table 4.1. There were no significant differences between groups in any of the

microparticles at baseline.
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Parameters Vitamin D group Placebo group P value
CD31 5693.5 + 6367.9 5346.8 + 3872 0.3
CD54 380.9 + 238.4 284.0+197.2 0.3
CD62 500.1 + 637.4 361.0+212.5 0.6
CD105 91.2 +106.2 71.3+91.3 0.7
CD106 383.6 £ 579.2 339.8 +507.1 0.8
CD144 215 + 358.1 192.7 + 229.8 0.4
CD146 10.8 + 20.3 6.7+7.1 0.7
Table 4.1: Baseline microparticles comparison between vitamin D and placebo group
Legend:

Abbreviations: CD31, Platelet Endothelial Cell Adhesion Molecule-1 (PECAM-1): CD54, Intercellular
Adhesion Molecule-1(ICAM-1): CD62, Cell Adhesion Molecule E-selectin: CD105, Endoglin (ENG): CD106,
Vascular Cell Adhesion Molecule-1 (VCAM-1): CD144, Vascular Endothelial Cadherin (VE-cadherin): CD146,
Melanoma Cell Adhesion Molecule (MCAM):

Data are presented as mean + SD. * = p<0.05

4.4.2 Recruitment of patients:

Detailed in chapter 3 section 3.2.2

4.4.3 Compliance:

Detailed in chapter 3, section 3.5.2

4.4.4 Seasonal variations and changes in Vitamin D after supplementation:

The vitamin D levels increased significantly in the vitamin D group as compared to the
placebo group, as detailed in Chapter 3 section 3.5

4.4.5 Microparticles:
In this study, no significant differences were observed in endothelial microparticles (CD31,

CD54, CD62, CD105, CD106, CD144, and CD146) between vitamin D and placebo groups

when percentage change was measured (figure 4.1, table 4.2).
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Figure 4.1: Graphical representation of effects of vitamin D and placebo supplementation

on endothelial microparticles.

Legend: CD31, Platelet Endothelial Cell Adhesion Molecule-1 (PECAM-1): CD54, Intercellular
Adhesion Molecule-1(ICAM-1): CD62, Cell Adhesion Molecule E-selectin: CD105, Endoglin (ENG):
CD106, Vascular Cell Adhesion Molecule-1 (VCAM-1): CD144, Vascular Endothelial Cadherin (VE-
cadherin): CD146, Melanoma Cell Adhesion Molecule (MCAM): % Change (Percent change is the
percent difference compared with the baseline).

*States statistically significant (p<0.05)
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Vitamin D group (n = 18) Placebo group (n = 19) % Change
Microparticles Baseline 12 weeks P value Baseline 12 weeks P value Vitamin D Placebo P value
CD31 5693.5 + 6367.9 3906.8 + 1545.7 0.9 5346.8 + 3872 48455 + 2636.8 0.5 -381.7 £ 1413.6 -105.5+ 4145 0.6
CD54 380.9 + 238.4 4819+ 271.6 0.2 284.0 + 197.2 6628.6 + 22293.2 0.00** 124.4 + 248.5 5136.3 +19680.8 0.09
CD62 500.1 + 637.4 1049.9 £1792.8 0.08 361.0+ 2125 3271.8 +10386.9 0.003** | 1406.6 + 5566.6 682.6 + 2076.1 0.6
CD105 91.2 +106.2 83.3+775 1.0 71.3+91.3 316.7 £982.0 0.5 -272.6 £404.7 396.0 + 927.7 1.0
CD106 383.6 +579.2 684.6 + 580.9 0.08 339.8 +507.1 844.4 +921.5 0.1 836.2 + 1438.8 945.7 + 1636.2 0.6
CD144 215 + 358.1 459.8 + 267.7 0.005** 192.7 +£229.8 497.5 + 383.7 0.003** 1194.3 + 2004 1174.7 £ 2805.7 0.4
CD146 10.8 £ 20.3 11.7+14.8 0.6 6.7+7.1 13.8 +£19.3 0.3 420.4 + 798.8 288.3 £549.3 1.0

Table 4.2: Comparison of microparticles evaluation before and after vitamin D or placebo supplementation

Legend:

Abbreviations: CD31, Platelet Endothelial Cell Adhesion Molecule-1 (PECAM-1): CD54, Intercellular Adhesion Molecule-1(ICAM-1): CD62, Cell Adhesion Molecule E-
selectin: CD105, Endoglin (ENG): CD106, Vascular Cell Adhesion Molecule-1 (VCAM-1): CD144, Vascular Endothelial Cadherin (VE-cadherin): CD146, Melanoma Cell
Adhesion Molecule (MCAM):
Data are presented as mean + SD. Percent change is the percent difference compared with the baseline.
* = p<0.05, **=p<0.01, P value = % change of the difference between Groups (95% CI)
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4.45.1 CD31: Platelet endothelial cell adhesion molecule-1 (PECAM-1):

There were no significant changes in CD31 microparticles after both vitamin D and placebo
supplementation compared to their baseline values (Figure 4.2). Similarly, no significant
differences were observed in the vitamin D group as compared to placebo group when
percentage change was performed (-381.7 + 1413.6 vs -105.5 + 414.5, p=0.6) as shown in

Figure 4.1 and Table 4.2.
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Figure 4.2: Changes in CD31 microparticles before and after vitamin D or placebo
supplementation

Legend: Vitamin D V2, Baseline levels of CD31 microparticles in vitamin D group; Vitamin D
V3, Levels of CD31 microparticles after vitamin D supplementation; Placebo V2, Baseline
levels of CD31 microparticles in placebo group; Placebo V3, Levels of CD31 microparticles
after placebo supplementation

4.45.2 CDb54: Intercellular adhesion molecule-1(ICAM-1):
The CD54 microparticles were increased significantly in the placebo group (284.0 £ 197.2 vs

6628.6 + 22293.2; p<0.001) but not in vitamin D group when compared to their baseline
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values (Figure 4.3). However, no significant differences were observed in the vitamin D
group as compared to placebo group when percentage change was performed (124.4 + 248.5

vs 5136.3 + 19680.8; p=0.09) as shown in Figure 4.1 and Table 4.2.
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Figure 4.3: Changes in CD54 microparticles before and after vitamin D or placebo
supplementation

Legend: Vitamin D V2, Baseline levels of CD54 microparticles in vitamin D group; Vitamin D
V3, Levels of CD54 microparticles after vitamin D supplementation; Placebo V2, Baseline
levels of CD54 microparticles in placebo group; Placebo V3, Levels of CD54 microparticles
after placebo supplementation

4.45.3 CDG62: Cell adhesion molecule E-selectin:

The CD62 microparticles were increased after both vitamin D and placebo supplementation

compared to their baseline values; however, it was significant only in the placebo group
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(361.0 £ 212.5 vs 3271.8 + 10386.9; p=0.003) (Figure 4.4). When percentage change was
performed, no significant differences were observed between vitamin D and placebo groups

(1406.6 = 5566.6 vs 682.6 + 2076.1; p=0.6) as explained in Figure 4.1 and Table 4.2.
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Figure 4.4: Changes in CD62 microparticles before and after vitamin D or placebo
supplementation

Legend: Vitamin D V2, Baseline levels of CD62 microparticles in vitamin D group; Vitamin D
V3, Levels of CD62 microparticles after vitamin D supplementation; Placebo V2, Baseline
levels of CD62 microparticles in placebo group; Placebo V3, Levels of CD62 microparticles
after placebo supplementation

4.45.4 CD105: Endoglin (ENG):

There were no significant changes in CD105 microparticles compared to the baselines in both
vitamin D and placebo groups (Figure 4.5). Similarly, no differences were observed in
percentage change in CD105 microparticles between vitamin D and placebo group (-272.6 +

404.7 vs 396.0 £ 927.7; p=1.0) as revealed in Figure 4.1 and Table 4.2.

Page 133 of 255



10004

~ 800+
2
%)
Q
0
put 6004
[g]
o
o
Q
é 4004
To)
o —
—
()]
O 2004 |
o, ¥ — —
VitaminD V2 VitaminD V3 Placebo V2

Placebo V3

Figure 4.5: Changes in CD105 microparticles before and after vitamin D or placebo

supplementation

Legend: Vitamin D V2, Baseline levels of CD105 microparticles in vitamin D group; Vitamin
D V3, Levels of CD105 microparticles after vitamin D supplementation; Placebo V2, Baseline
levels of CD105 microparticles in placebo group; Placebo V3, Levels of CD105 microparticles

after placebo supplementation

4455 CD106: Vascular cell adhesion molecule-1 (VCAM-1):

There were no significant changes in CD106 microparticles in both vitamin D and placebo

groups when compared to their baseline values (Figure 4.6). Similarly, no significant

differences were observed when percentage change was performed (836.2 + 1438.8 vs 945.7

+ 1636.2; p=0.6) as shown in Figure 4.1 and Table 4.2.
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Figure 4.6: Changes in CD106 microparticles before and after vitamin D or placebo
supplementation

Legend: Vitamin D V2, Baseline levels of CD106 microparticles in vitamin D group; Vitamin
D V3, Levels of CD106 microparticles after vitamin D supplementation; Placebo V2, Baseline
levels of CD106 microparticles in placebo group; Placebo V3, Levels of CD106 microparticles
after placebo supplementation

4.45.6 CD144: Vascular endothelial cadherin (VE-cadherin):

The CD144 microparticles were increased significantly after both vitamin D (215 + 358.1 vs
459.8 + 267.7; p=0.005) and placebo supplementation (192.7 + 229.8 vs 497.5 + 383.7;
p=0.003) as compared to their baseline values (Figure 4.7). However, no difference in
percentage change was revealed between vitamin D and placebo groups (1194.3 + 2004 vs

1174.7 £ 2805.7; p=0.4) as presented in Figure 4.1 and shown in Table 4.2.
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Figure 4.7: Changes in CD144 microparticles before and after vitamin D or placebo
supplementation

Legend: Vitamin D V2, Baseline levels of CD144 microparticles in vitamin D group; Vitamin
D V3, Levels of CD144 microparticles after vitamin D supplementation; Placebo V2, Baseline
levels of CD144 microparticles in placebo group; Placebo V3, Levels of CD144 microparticles
after placebo supplementation

4.45.7 CD146: Melanoma cell adhesion molecule (MCAM):

There was no change in CD146 microparticles in both vitamin D and placebo groups when
compared to their baseline values (Figure 4.8). Similarly, no difference in CD146
microparticles were seen in the vitamin D group as compared to placebo group when
percentage change was done (420.4 £ 798.8 vs 288.3 + 549.3; p=1.0) as shown in Figure 4.1

and Table 4.2.
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Figure 4.8: Changes in CD146 microparticles before and after vitamin D or placebo
supplementation

Legend: Vitamin D V2, Baseline levels of CD146 microparticles in vitamin D group; Vitamin
D V3, Levels of CD146 microparticles after vitamin D supplementation; Placebo V2, Baseline
levels of CD146 microparticles in placebo group; Placebo V3, Levels of CD146 microparticles
after placebo supplementation

4.5 Discussion:

In this study, no statistically significant changes were observed in endothelial microparticles
(CD31, CD54, CD62, CD105, CD106, CD144 and CD146) after three months of vitamin D
supplementation as compared to the placebo group. However, there was significant increase
in CD54 and CD62 microparticles in the placebo group and CD144 microparticles in both
vitamin D and placebo groups as compared to their baseline values.

CD54 or ICAM-1 is a cell surface protein that is expressed mainly on the endothelial cells
and other cells of immune system such as lymphocytes and macrophages. CD54 is normally
expressed in low amounts continuously on the endothelial cells, but upon activation or
stimulation, during acute or chronic inflammatory diseases, its expression is increased greatly.
CD54 is a ligand for the integrin, which is a leukocyte function associated antigen-1 (LFA-1).
LFA-1 attachment with CD54 is a vital step for the transmigration of leukocytes across the

endothelial cells into the sites of inflammation, injury, and immune reactions (457). PCOS is
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associated with chronic low grade inflammation that may contribute to an increased risk of
future cardiovascular events, and may contribute to the underlying pathology of the endocrine
and metabolic abnormalities including endothelial dysfunction that is found (324). In this
study, vitamin D supplementation had no significant affect on the expression of CD54
microparticles while in the placebo group their expression was significantly increased,
suggesting enhanced inflammation and worsening of endothelial function in the placebo
group but not in the vitamin D group. Similarly, CD62 or E-selectins play a vital role in the
acute and chronic inflammatory processes and are involved in the key steps of leukocytes
migration to the sites of inflammation such as capture, rolling and slow-rolling steps with
subsequent transmigration across the endothelial cells to the tissues (458). There were no
significant changes in CD62 microparticles after vitamin D supplementation in our study
however; they were increased significantly in the placebo group suggesting worsening
underlying inflammation and endothelial function in the placebo group. In the recent several
in-vitro studies, the effects of vitamin D on human umbilical vein endothelial cells (HUVECS)
were studied. They revealed that after incubation with vitamin D there was reduced
expression of ICAM-1, VCAM-1, the urokinase receptor (UPAR) and membrane type-1
matrix metalloproteinase (MT1-MMP) by the human endothelial cells and CD62P by the
platelets (459, 460). The possible underlying mechanism for the reduced production of
microparticles after vitamin D supplementation has been explained in a recent study on
HUVECs, which describes that vitamin D by acting through its receptors on the endothelial
cells, could suppress the production of microparticles by ameliorating the oxidative stress
(454).

Both CD144 and CD146 are expressed by activated endothelial cells and are involved in
promoting tissue inflammation and maintaining vascular haemostasis (461, 462).

Interestingly, there was significant increase in the CD144 microparticles in both the vitamin
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D and placebo groups suggesting some worsening of underlying inflammatory process and
endothelial function.

When the endothelial cells are activated or stimulated, the microparticles released express
certain other (CD31, CD105 and CD106) specific surface proteins in addition to CD54,
CD62, CD144 and CD146 (299). CD31 makes up a big portion of endothelial cells
intercellular junctions in addition to be present on surface of platelets, neutrophils and
monocytes. CD31 plays a major role in tissue inflammation (463). CD105 is a part of
transforming growth factor-beta (TGF-p), is expressed in abundant on activated endothelial
cells and has important role in angiogenesis and to promote inflammation (464). CD106
mediates the adhesion of leukocytesto vascular endothelium and is involved in the
development of chronic inflammation like rheumatoid arthritis and vascular atherosclerosis
(465, 466). Similarly, both CD144 and CD146 are expressed by activated endothelial cells
and are involved in promoting tissue inflammation and maintaining vascular haemostasis
(461, 462).

There was substantial increase in the microparticles levels related to CD31, CD105, CD106,
CD144 and CD146 in both the groups but no differences were found between the groups on
percentage change analysis. There could be several possible reasons for that. Firstly, the dose
and duration of the vitamin D treatment was not enough to suppress the oxidative stress to
level where endothelial cells activation and production of all the endothelial microparticles
could be reduced. This is supported by evidence suggesting that vitamin D actions on the
endothelial cells are dose and time dependent (441). They also found that inhibition of VDR
expression on endothelial cells prevented vitamin D induced endothelial activation and
proliferation, and concluded that sufficient levels of vitamin D and proper VDR expression
are vital for suppressing oxidative stress in endothelial cells (441). Secondly, PCOS patients

have chronic low-grade inflammation that is associated with chronic oxidative stress, which
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has been demonstrated to downregulates VDRs on the endothelial cells (467). This again
possibly suggests either higher doses or longer duration of treatment with vitamin D in PCOS
to improve endothelial function was needed.

Several randomized controlled trials (RCTs) have been conducted in a range of patients to
evaluate the effects of vitamin D supplementation on endothelial function in the last decade
(468) and most of them have shown negative results (469-475). The first possible reason
suggested was acute calciotropic effects of vitamin D supplementation, which cause
increased influx of calcium into vascular smooth muscle in the short term with subsequent
increase in arterial stiffness before its effects at the vascular smooth muscle (476). Secondly,
the duration of most of the studies was very small, only for 12 - 16 weeks. Furthermore, it
was suggested that if vitamin D concentrations could be maintained for long durations, an
improvement in the endothelial function could be seen. Similarly, one recent small RCT has
revealed that improved vitamin D status could decrease the expression of certain genes in
endothelial cells and improve endothelial function, but higher daily doses of vitamin D are

required to maximize these effects on gene expression (476, 477).

4.6 Conclusion:

Vitamin D supplementation for three months had no significant effect on endothelial

microparticles in overweight and obese women with PCOS compared to the placebo group.

Page 140 of 255



5 Chapter 5: Effect of empagliflozin on hormonal, metabolic,
and cardiovascular risk markers in overweight and obese
women with PCOS.

5.1 Introduction:

| have demonstrated above in the previous chapters of my thesis that vitamin D
supplementation could be a potential treatment option for women with PCOS who have low
vitamin D as it is helpful in improving metabolic dysfunctions related to PCOS and therefore
could reduce future cardiovascular risk. In this study, the focus will be placed upon another
potential treatment option, empagliflozin, for women with PCOS, which has been shown to
exert several anthropometric, metabolic and cardiovascular related benefits in patients with
diabetes.

The clinical concerns relating to PCOS range from menstrual and ovulatory dysfunctions to
risk of developing diabetes and cardiovascular disease. The treatment is usually symptom
based and the search is still ongoing for a single treatment that could address both the
reproductive and metabolic abnormalities related to PCOS (478). Hormonal contraceptives
have been the cornerstone for treating common symptoms related to PCOS especially
menstrual dysfunction and clinical hyperandrogenaemia (hirsutism) (479). Insulin sensitizers
including metformin and thiazolidinediones have been very effective in PCOS for the
management of metabolic abnormalities (insulin resistance, hyperinsulinaemia, diabetes
mellitus) and chronic anovulation; however, their role in the improvement of hirsutism
remains unclear (480). Glucagon like peptide-1 receptor agonists ‘GLP-1RA) and statins
comprise novel therapies with diverse metabolic targets that appear to hold promise for
PCOS management (28, 481). Advancing evidence have generated interest in a range of

complementary and alternative medical treatments including vitamin D for the management
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of PCOS (482). Empagliflozin, a direct inhibitor of sodium-glucose cotransporter 2 (SGLT2)
that is a new treatment option for T2DM (483), and has recently shown to induce favourable
effects on arterial stiffness and vascular resistance in both TLDM and T2DM patients (381,
382). Empagliflozin has an insulin-independent mechanism (promote urinary glucose
excretion by inhibiting glucose reabsorption in the kidney) and does not cause hypoglycaemia
in normoglycaemic individual (381, 384). Empagliflozin improved cardiovascular risk
significantly in patients with T2DM with 38% relative risk reduction in cardiovascular
mortality and 32% relative risk reduction in all-cause mortality (383). Furthermore,
experimental models of diabetes have shown that SGLT-2 inhibition reduces oxidative stress
and suppresses markers of inflammation and fibrosis (263). The suggested underlying
cardioprotective effects of empagliflozin, in addition to lowering HbAlc, are multiple
interrelated pathways including changes in insulin resistance, plasma volume, weight/fat
mass and inflammation which are also very common pathological features of PCOS. A dose-
response effect for 10mg and 25mg empagliflozin has been shown in various studies (384)
and no titration for the empagliflozin 10mg and 25mg doses were required in the EMPA-
REG study (381).

Therefore, the aim of this study was to explore the effects of empagliflozin on hormonal,
metabolic and cardiovascular risk factors in patients with PCOS. The comparator to
empagliflozin was metformin that is used widely to improve insulin sensitivity, reduce
androgen levels, may reduce diastolic blood pressure, dyslipidaemia and BMI in patients with

PCOS (484, 485).

5.2 Subjects and methodes:

5.2.1 Ethical approval and informed consent:

The ethical approval and informed consent procedure has been explained in chapter 2
sections 2.1.1 and 2.1.2. The trial was registered on clinicaltrials.gov (ID: NCT03008551).
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5.2.2 Subject recruitment:

This was an open-label, randomised, therapeutic exploratory study involving 40 women with

PCOS. Further explained already in chapter 2 section 2.1.2

5.2.3 Recruitment criteria:
5.2.3.1 Inclusion criteria:

1) Women, aged 18-45 years (inclusive), with confirmed diagnosis of PCOS based on
Rotterdam criteria

2) Presence of both irregular periods and biochemical hyperandrogenaemia.

3) Body mass index >25.

4) Negative pregnancy test during screening visit and agreed to use barrier contraception

during the study period.

5.2.3.2 Exclusion criteria:

1) Non-classical 21-hydroxylase deficiency, hyperprolactinaemia, Cushing’s disease and
androgen-secreting tumours were excluded by appropriate tests.

2) Confirmed diagnosis of diabetes or pre-diabetes.

3) Ongoing, inadequately controlled thyroid disorder (subjects on thyroid hormone
replacement therapy must be on stable dose for at least 3 months before screening day)

4) History or presence of malignant neoplasms within the last 5 years (except basal and
squamous cell skin cancer and in-situ carcinoma).

5) History or plan of any form of gastrointestinal tract surgery.

6) History of pancreatitis (Acute or Chronic).

7) Any disorder which might jeopardize subject’s safety.

8) Subjects who were on any of the following medications within 3 months of

recruitment:
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e Metformin or other insulin-sensitizing medications (e.g. pioglitazone)
e Hormonal contraceptives (e.g. birth control pills, hormone-releasing implants, etc.)
e Anti-androgens (e.g., spironolactone, flutamide, finasteride, etc.)
e Clomiphene citrate or estrogen modulators such as letrozole
e GnRH modulators such as leuprolide
e Minoxidil

9) Female who were pregnant, breast feeding or intended to become pregnant or of child
bearing potential not using adequate contraceptive methods.

10) eGFR<60 within the last 2 weeks.

11) Hypersensitivity to lactose

12) Severe hepatic impairment (ALT >3 times ULN) within the last 2 weeks.

13) Women with history of recurrent urinary tract infections.

14) Haematocrit above the upper limit of normal range within the last 2 weeks.

15) Had been involved in another medicinal trial (CTIMP) within the past four weeks.

16) Known hypersensitivity to the Investigational Medicinal Products or any of their
excipients.

All participants were advised to maintain their usual dietary and lifestyle habits during the

study.

5.2.4 Study visits:

This was a CTIMP that included three visits to the department of Academic Diabetes,
Endocrinology and Metabolism Research Centre; Brocklehurst Building, Hull Royal

Infirmary. The details for each visit are shown in Table 5.1.
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Visitl Visit 2 | Telephone | Visit 3 Telephone
Schedule of | (Screening) | (Week 0) call (Week 12 +/- | call
procedures Non fasting | (Baseline (Week 6 | 7 days) (30 +/- 4
visit) +/- 4 | (End of study | days after
Fasting days) visit) final visit
Fasting 3)
Consent X
Medical and drugs
X
history
Inclusion/Exclusion | x
Pregnancy test X
Randomisation X
BP, Pulse rate X X
Height, weight, hip
& waist
X X
circumference,
TANITA
Stiffness of
X X
arteries-EndoPAT
Fasting overnight X X
Bloods for | x
hormonal markers | (if not done
within  the
last 2 weeks)
Bloods for X X
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hormonal,
metabolic and
cardiovascular risk
markers
Adipose tissue

X X
Biopsy (optional)
Study medications

X
dispensed
Adverse event
recording X X X X
Change in
concomitant X X
medication
Study medication

X

compliance X

Table 5.1: Empagliflozin versus metformin in PCOS study timetable
Legend: BP, Blood pressure; TANITA, Body composition analyzer; EndoPAT, Endothelial-
Peripheral arterial tonometry

5.2.5 Randomization:

PCOS patients were randomized on a 1:1 ratio to receive either empagliflozin 25mg or
metformin SR 1500mg daily for three months. The online web- based randomisation service

https://www.sealedenvelope.com was used. Randomisation was blocked (using random
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permuted blocks). Patients were randomised to empagliflozin 25mg daily to get the
maximum metabolic response with comparable duration to metformin treatment group.
Metformin group received Metformin SR 1500mg, which is the standard dose commonly,
used in patients with PCOS in clinical practice (385). Metformin SR was used instead of

immediate release metformin in view of better gastrointestinal tolerability (486).

5.3 Study measurements:

5.3.1 Anthropometric measures:

The anthropometric measures have been explained in chapter 2 section 2.3.4.

5.3.2 Blood sampling and laboratory analysis:

Already explained in chapter 2 sections 2.3.3, 2.3.4 and 2,3,6.

5.3.3 Statistical plan:
5.3.3.1 Sample size calculation:

As there were no published studies on empagliflozin or other SGLT- 2 inhibitors in women
with PCOS from which to estimate sample size. Choice of numbers was pragmatic, and not
based on hypothesis testing. The study was a pilot to a larger (definitive) randomized
controlled trial (RCT). There was little published literature on estimating numbers for pilot
studies (487-490). The authors recommended a minimum of 12 patients per group. 20 per
patients group were recruited to allow for loss-to follow-up (assumed non-differential

between-groups).

5.3.3.2 Statistical analysis:

The statistical analysis has already been explained in chapter 3 under section 3.4.

5.4 Results:
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5.4.1 Recruitment and progress of patients in trial:

Forty-two women with PCOS were screened for the study. Two patients were excluded as

they did not fulfil the inclusion and exclusion criteria. Forty patients were recruited. Twenty

patients were randomized to empagliflozin 25mg and other twenty to metformin 1500mg

daily for 12 weeks. Thirty nine patients completed the study period and only one patient from

the empagliflozin group dropped out of the study (figure 5.1).

PCOS patients assessed for eligibility (n=42)

Excluded because could not fulfil
inclusion and exclusion criteria (n=2)

Randomized (n=40)

e

Assigned to Empagliflozin 25mg daily
(n=20)

Lost to follow up (n=1)

Completed and analysed (n=19)

Assigned to Metformin SR 1500mg
daily (n=20)

Lost to follow up (n=0)

Completed and analysed (n=20)

Figure 5.1: Flow chart showing the progress of patients through the trial
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5.4.2 Compliance:

The compliance with the treatment was calculated by counting the returned medications.
After their exclusion, compliance was 90% in empagliflozin group while it was 97% in
metformin group. None of the subjects developed any significant adverse events in the course

of the study.

5.4.3 Baseline characteristics of patients and changes after empagliflozin

or metformin treatment:

The mean age group of patients recruited in the study was 28.6 + 5.7 years (empagliflozin
26.5 £ 5.0 vs. metformin 31 + 5.8 years). The baseline anthropometric, hormonal and
biochemical parameters of the two groups are given below in table 5.2. The patients in the
empagliflozin were younger than in the metformin group (p=0.02). There were no significant
differences between empagliflozin and metformin groups regarding baseline values of
anthropometric, hormonal and cardiovascular risk factors except fasting glucose levels

(p=0.04).
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Parameters Empagliflozin group Metformin group P value
Age (years) 26.5+5.0 31+58 0.02*
Weight (kg) 103.1 + 16.3 108.9 + 25.3 0.4
BMI (kg/m?) 37.2+6.1 38.8+7.8 0.5
Waist circumference (cm) 101.2+9.7 106.2 £ 15.7 0.3
Hip circumference (cm) 121.6+115 124.1+17.4 0.6
SBP (mmHg) 118.1+11.7 1244+ 15,5 0.2
DBP (mmHg) 76.4 +8.3 80.3 + 10.7 0.2
RHI 1.7+04 1.8+ 0.5 0.5
Al -3.3+11.9 0.6+8.1 0.2
FAI 104 +3.0 10.0+£5.9 0.1
Testosterone (nmol/L)

1.7+04 1.8+0.8 0.9
SHBG (nmol/L) 17.3+6.4 21.3+11.2 0.3
Androstenedione (nmol/L) 57+14 57+3.6 0.4
DHEAS (umol/L) 6.1+1.6 55+3.3 0.5
hs-CRP (mg/L) 6.0+ 3.6 8.1+76 0.7
FSH (IU/L) 59+1.6 6.7+3.1 0.9
LH (IU/L) 9.7+4.6 10.3+74 0.5
Estradiol (pmol/L) 236.9 £ 163.8 310.5 £ 268.5 0.2
170HP (nmol/L) 20+0.9 18+1.2 0.9
TC (mmol/L) 48+1.0 47+09 0.7
LDL (mmol/L) 28+1.0 29+0.8 0.5
HDL (mmol/L) 1.1+£0.2 1.2+£0.2 0.3
Triglycerides (mmol/L) 1.8+1.0 1.3+0.8 0.07
Cholesterol-HDL ratio 44+1.0 3912 0.2
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Non-HDL cholesterol 3.7+1.0 35+0.9 0.5
ALT (IU/L) 269+184 27.6+18.6 0.9
AST (IU/L) 23.0+9.1 23.9+13.2 0.9
Fasting glucose (nmol/L) 46+04 49+05 0.04*
Fasting insulin (LIU/L) 15.9+9.3 16.7+9.2 0.4
Basal metabolic rate (kcal) 1760.7 = 205 1813.3 £ 273.5 0.5
Fat % 46.7+ 34 46.8 + 6.2 0.9
Fat mass (kg) 48.9+11.0 52.3+18.1 0.4
Fat free mass (kg) 548+5.9 56.7 £ 7.9 0.4
Total body water (kg) 40.1+43 415+5.8 0.4
Whole body impedance (Q) 592.7+73.1 5725+ 67.6 0.3
Trunk fat % 45.0+ 3.5 444 +6.7 0.8
Trunk fat mass (kg) 249+4.38 26.0 + 8.7 0.6
Trunk fat free mass (kg) 30.1+£3.0 31.2+4.0 0.3

Table 5.2: Baseline anthropometric, hormonal and metabolic measurements between the
empagliflozin group and metformin group

Legend: Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
FAI, Free androgen index; SHBG, Sex hormone binding globulin; DHEAS, Dehydroepiandrosterone sulphate;
170HP, 17-hydroxyprogesterone; PTH, Parathyroid hormone; FSH, Follicle stimulating hormone; LH,
Luteinizing hormone; RHI, Reactive hyperaemic index; Al, Augmentation index; TC, total cholesterol; TG,
triglycerides; LDL, low density lipoproteins; HDL, high density lipoproteins; hs-CRP, high sensitivity-C-
reactive protein; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase.
Data are presented as mean * SD. * = p<0.05
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Empagliflozin group (n = 19) Metformin group (n = 20) % Change
Parameter Baseline 12 week vaIIDue Baseline 12 week vaFI)ue Empagliflozin | Metformin | P value
Weight (kg) 103.1 £ 16.3 101.6 £ 16.3 0.07 108.9 £ 25.3 110.2 £ 25.6 0.01 -1.5+3.3 12+21 0.005
BMI (kg/m?) 37.2+6.1 36.6 £6.0 0.07 38.8+7.8 39.2+78 0.015 -1.4+3.3 12+21 0.005
Waist (cm) 101.2+9.7 99.6+£9.5 0.02 106.2 £ 15.7 106.3+ 154 0.7 -1.6+2.8 02+21 0.029
Hip (cm) 1216 £115 119.2+114 0.01 124.1+174 125.3+16.7 0.03 -20+3.0 11+19 0.001
SBP (mmHg) 118.1+11.7 117.5+14.2 0.7 124.4 £ 155 126.0 £ 15.8 0.3 -0.6 £6.7 14+56 0.34
DBP (mmHg) 76.4+8.3 73.8+£9.7 0.1 80.3+10.7 80.7+9.8 0.8 -3.1+9.0 08+71 0.14
FAI 104+ 3.0 9.2+ 35 0.16 10.0+5.9 8.7+5.3 0.1 -9.1+318 -10.0 + 33.0 0.8
Testosterone (nmol/L) 1.7+04 16+0.6 0.6 1.8+0.8 1.7+1.0 0.04 -2.5+30.1 -5.2+51.1 0.25
SHBG (nmol/L) 17.3+6.4 19.1+8.3 0.04 21.3+11.2 22.4+12.8 0.6 10.1 £ 22.0 5.7+25.0 0.4
Androstenedione (nmol/L) 57%14 56+1.8 0.8 57%3.6 54+27 0.7 -0.6 +22.2 11.3+58.6 0.8
DHEAS (umol/L) 6.1+1.6 6.1+20 1.0 55+3.3 5.7+ 3.0 0.1 -0.4+£20.5 8.1+15.0 0.2
170HP (nmol/L) 2.0+0.9 2816 0.1 18+1.2 2217 0.6 78.3 + 158.0 72.8 £190.2 0.6
FSH (1U/L) 59+1.6 6.5+2.7 0.3 6.7+3.1 6.5+3.7 0.2 15.7 +55.8 -3.8+31.7 0.1
LH (1U/L) 9.7+4.6 141+ 149 0.2 103+74 8.0+5.3 0.1 40.4+91.8 -1.1+78.8 0.02
Oestradiol (pmol/L) 236.9 £ 163.8 | 335.3 + 226.7 0.03 310.5 + 268.5 295.7 + 261.0 0.6 76.2+74.5 40.6 £134.4 0.1
Fasting glucose (mmol/L) 4604 45+0.4 0.47 49+0.5 475104 0.19 -0.8+5.8 -2.3+8.0 0.5
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Fasting insulin (uIU/ml) 15.9+9.3 14.6 £8.1 05 16.7£9.2 16.8 + 11.3 1.0 1.6 +50.6 6.0+77.0 0.8
HOMA-IR 35+2.8 29+21 0.25 3.8+28 3.6+2.6 0.8 -3.1+13.9 7.2+205 0.7
ALT (IU/L) 269+184 | 275+212 0.7 27.6+18.6 29.4+18.6 0.15 2.9+263 11.1+245 0.3
AST (1U/L) 23.0+9.1 228+120 | 0.96 23.9 +13.2 23.6+127 0.59 -0.4 +20.4 -0.2 £11.9 0.97
hs-CRP (mg/L) 6.0 +3.6 5.5+4.0 0.6 8.1+7.6 8.3+7.9 0.6 9.8+59.1 8.4+34.0 0.9
RHI 1.7+04 18408 05 1.8+05 1.7+05 0.7 8.7+38.0 5.1+49.1 0.4
Al -3.3+11.9 -3.4+13.3 0.9 0.6+8.1 2.3+104 0.4 57.0+169.9 | -47.5+145.6 0.9
TC (mmol/L) 48+1.0 47+1.1 05 47+0.9 45+0.9 0.17 1.6 +13.7 22+85 0.9
LDL-C (mmol/L) 2.8+1.0 28+1.1 05 29+08 2.8+08 0.39 4.1 +26.4 1.9+9.2 0.8
HDL-C (mmol/L) 1.1£0.2 1.1£0.2 0.8 12402 1.1+0.2 0.09 -0.6+9.2 -3.4+9.6 0.4
TG (mmol/L) 1.8+1.0 18+1.1 1.0 13408 12+0.6 0.6 14.3+87.4 6.7 +39.7 0.7
Cholesterol : HDL ratio 44+10 43+1.1 0.7 39+1.2 41%1.0 0.3 -0.5+11.2 11.6 +45.3 05
Non-HDL Cholesterol 37%1.0 36+1.0 05 35+0.9 35+0.9 0.8 1.6 +16.5 0.4%125 0.7
BMR (kcal) 1760.7 £ 205 | 1728.1+200 | 0.016 | 1813.3+273.5 | 18144+2758 | 0.9 -1.8+2.9 0.05+1.9 0.02
Fat % 46.7+3.4 471+ 3.4 0.2 46.8+6.2 476+59 0.015 0.7+25 1.9+34 0.2
Fat Mass (kg) 489+110 | 486+110 | 0.6 52.3+18.1 53.7+18.3 0.005 -0.7+4.9 32%50 0.02
FFM (kg) 54.8+5.9 537+58 | 0.013 56.7+7.9 56.5+ 7.9 0.6 -2.0+3.2 -0.3+2.2 0.056
TBW (kg) 40.1+4.3 39.3+43 | 0014 415+58 41.4+58 0.6 22.0+3.2 -0.3+2.2 0.06
WBI (Q) 592.7+73.1 | 611.3+69.7 | 0.019 | 572.5+67.6 554.9 + 146.7 0.5 3.4%53 -4.0 £22.6 0.1
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Trunk Fat% 45.0+3.5 45.7+3.3 0.09 444 +6.7 454+64 0.028 1.8+41 26+5.1 0.6
Trunk Fat Mass (kg) 249+48 25.1+49 0.47 26.0+8.7 27.0+8.9 0.012 1.0+5.7 42+6.9 0.1
Trunk FFM (kg) 30.1+3.0 29.4+3.0 0.01 31.2+4.0 311+4.1 0.5 -2.2+34 -04+26 0.08

Table 5.3: Comparison of anthropometric, metabolic and hormonal parameters before and after empagliflozin or metformin treatment

Legend:

Abbreviations: BMI, body mass index; SBP, systolic blood pressure in; DBP, diastolic blood pressure; FAI, Free androgen index; SHBG, Sex hormone binding globulin;
DHEAS, Dehydroepiandrosterone sulphate; 170HP, 17-hydroxyprogesterone; FSH, Follicle stimulating hormone; LH, Leuteinizing hormone; HOMA-IR, Homeostatic
Model Assessment of Insulin resistance; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; hs-CRP, high sensitivity-C-reactive protein; RHI, Reactive
hyperaemic index; Al, Augmentation index; TC, total cholesterol; TG, triglycerides; LDL, low density lipoproteins; HDL, high density lipoproteins; BMR, Basal metabolic
rate; FFM, Fat free mass; TBW, Total body water; WBI, Whole body bioelectrical impedance

Data are presented as mean + SD. All serum results are obtained from fasting variables. Percent change is the percent difference compared with the baseline. To convert

values for glucose to milligrams per deciliter, divide by 0.056. To convert values for insulin to picomoles per liter, multiply by 7. To convert values for cholesterol to

milligrams per deciliter, divide by 0.0259. To convert values for triglycerides to milligrams per deciliter, divide by 0.0113.
* = p<0.05, **=p<0.01, P value = % change of the difference between Groups (95% CI)
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There were significant reductions in anthropometric measures and body composition
parameters especially waist circumference (WC), hip circumference (HC), basal metabolic
rate (BMR), fat free mass (FFM) and total body water (TBW) in patients randomized to
empagliflozin while patients on metformin had significant increase in weight, BMI, HC, body
fat% and fat mass (table 5.3). In the end of trial between group comparisons, the percentage
reduction in anthropometric measures in the empagliflozin group were statistically significant
compared to the metformin group; weight (empagliflozin, -1.5 *+ 3.3 vs. metformin, 1.2 + 2.1;
p=0.005), BMI (empagliflozin, -1.4 + 3.3 vs. metformin, 1.2 + 2.1; p=0.005), WC
(empagliflozin, -1.6 £ 2.8 vs. metformin, 0.2 + 2.1; p=0.029) and HC (empagliflozin, -2.0 +
3.0 vs. metformin, 1.1 + 1.9; p=0.001) (Figure 5.2).

3 Empagliflozin
4.00 A 3 Metformin

2.00

0.00

% Change

-2.00

-4.00

-6.00 T
X N\
$®

Figure 5.2: Graphical presentation of percent change in anthropometric measures after

empagliflozin and metformin treatment
Legend: BMI, body mass index; WC, waist circumference; HC, hip circumference
* = p<0.05, **=p<0.01, P value = % change of the difference between Groups (95% CI)
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Similarly, the percent reduction in BMR, fat mass and FFM in the empagliflozin group were
statistically significant compared to the metformin group: BMR, (empagliflozin, -1.8 £ 2.9
vs. metformin, 0.05 £ 1; p=0.02), fat mass (empagliflozin, -0.7 = 4.9 vs. metformin, 3.2 + 5.0;

p=0.02) and FFM (empagliflozin, -2.0 + 3.2 vs. metformin, -0.3 £ 2.2; p=0.056) (figure 5.3).

12.00 3 Empagliflozin

3 Metformin

8.00

4.00

0.00 ' ' ' '
(=]
c
<
=
O 400 A .
N

-8.00

-12.00

-1600 - 1

Figure 5.3: Graphical presentation of percent change in body composition parameters after

empagliflozin and metformin treatment
Legend: BMR, Basal metabolic rate; FFM, Fat free mass; TBW, Total body water; WBI, Whole body

bioelectrical impedance
* = p<0.05, **=p<0.01, P value = % change of the difference between Groups (95% CI)

There was a significant increase in the SHBG levels in the empagliflozin group (p=0.04).
There was also a trend in decreases in free testosterone and FAI in the empagliflozin group;

however, the changes were not significant. While in the metformin group there was increase
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in SHBG and decrease in free testosterone and FAI levels but only testosterone decreased
significantly (p=0.04). There were no significant changes in HOMA-IR, RHI, fasting lipids
and other hormonal (androstenedione, DHEAS) and metabolic markers (ALT, AST) in both
the groups (Table 5.3). The adipose tissue biopsy was included in the study that was optional
and cosmetically unacceptable for the patients. Therefore, there were not sufficient samples

available for analysis.

5.5 Discussion:
This is the first study that has shown the beneficial effects of the SGLT2 inhibitor

(empagliflozin) in overweight and obese women with PCOS. After three months of
supplementation with empagliflozin there was significant improvement in metabolic risk
factors including weight, BMI, waist and hip circumference associated with significant
improvement in body fat composition parameters including total body fat as compared to
metformin that is commonly used as a treatment option in PCOS. The results obtained in this
study after three months of empagliflozin therapy are comparable to the results observed after
metformin treatment with an additional benefit of significant reduction in body weight and fat
mass after empagliflozin treatment that suggests empagliflozin could be a potential future
treatment option in obese women with PCOS.

Obesity is a complex disorder that is prevalent in women with PCOS and obesity itself is
regarded as a high risk factor for future cardiovascular events. In addition, obesity increases
the chance to develop metabolic syndrome and diabetes, which further multiplies the future
risk of developing cardiovascular problems and therefore a decrease in quality of life and life
expectancy (491). The use of BMI, WC and HC for diagnosing and assessing overweight
and obesity is well documented in the literature as these parameters have good clinical

reliability (492). In this trial, three months of treatment with empagliflozin resulted in a
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significant improvement in future cardiovascular risk in overweight and obese women with
PCOS by causing significant decrease in these parameters.

BMI cannot distinguish between body fat and lean mass and is unable to classify individuals
into those who have a normal body weight with high body fat but small muscle mass and
those who have high body weight with small body fat but excessive muscle mass. This
differentiation is necessary as percent body fat gives more meaningful clinical information
and is a better predictor of future cardiovascular risk as compared to BMI (493, 494). In the
current study on overweight and obese women with PCOS, three months treatment with
empagliflozin significantly improved body composition parameters (BMR, fat mass and
TBW) measured by bioelectrical impedance technique thus improving their future
cardiovascular risk. These findings are in accord with the recent trials on SGLT2 inhibitors
that have revealed that empagliflozin decreased body weight and also improved indices of
body composition in obese patients with type 2 diabetes mellitus and have suggested
empagliflozin a very safe treatment option (495-499). The underlying potential mechanism
by which SGLT2 inhibitors (empagliflozin) decrease obesity and fat mass has been explained
in a recent trial on mice that revealed SGLT2 inhibition augments fat utilization and
browning and reduces inflammation and insulin resistance via alternative or M2 macrophage
activation (500, 501). Interestingly, in this study there was significant increase in
anthropometric measures (weight, BMI and hip circumference) and total body fat in the
metformin group. The previous data related to metformin that either it decreases weight or
not is still controversial where some studies have shown improvement in weight while others
have not shown any benefit (502). Secondly, metformin has shown to be more effective with
higher doses and longer treatment duration and less effective as the BMI increases which
could be one of the possible reasons in this study as the BMI of patients in the metformin

group was higher than the patients in the empagliflozin group (503, 504).
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There was a trend to decrease both the systolic (SBP) and diastolic (DBP) blood pressures in
the empagliflozin group that could not reach statistical significance but no such trend was
seen in the metformin group. Empagliflozin has shown previously to induce a significant
decrease in both SBP and DBP in type 2 diabetic patients in the EMPA-REG BP (505, 506),
however, these patients had high blood sugars that might have caused a loss of excessive
body water along with the loss of glucose in the urine and secondly, they were also on anti-
hypertensive drugs. PCOS patients might need longer treatment to have significant drop in
blood pressures.

There was statistically significant increase in the SHBG levels in the empagliflozin group but
no significant improvement was seen in FAI and free testosterone levels. The increase in
SHBG levels did not differ to metformin that was also associated with an increase in SHBG.
However, there was significant decrease in the free testosterone levels in the metformin group
but the decrease in FAI for empagliflozin was non-significant. Similarly, the decrease in
HOMA-IR in the metformin group was also non-significant. There is no previous data
available looking at the effects of empagliflozin on the FAI and free testosterone levels;
however, SGLT2 inhibitors including empagliflozin have shown to improve insulin
resistance previously in both human and animal trials (507, 508).

This is the first trial looking at the effects of empagliflozin on endothelial function but this
did not differ as evaluated by reactive hyperaemic index (RHI). Similarly, there were no
significant differences in hs-CRP, androstenedione and fasting lipids in both groups.
Empagliflozin has shown to potentially improve endothelial dysfunction in animal studies on
diabetic rats (509, 510) but no human trial yet is available. However, recently dapagliflozin
has shown to improve endothelial function in type 2 diabetic patients but not as a

monotherapy but as add-on therapy to metformin for 16 weeks (511). In the clinical trials,
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SGLT2 inhibitors have been reported to cause small increase in the total cholesterol, LDL-C
and HDL-C levels but no such changes were observed in this study (512, 513).

There are several strengths of this study. Firstly, the compliance of the participants with the
study medication was very high. Secondly, almost 98% percent of the study participants
completed all the study procedures.

The limitation of this study is the duration of the study; however, the results observed after
empagliflozin treatment in this study are comparable to metformin therapy that warrants

further large scale and longer duration trial to explore the results further.

5.6 Conclusion:

Empagliflozin improved anthropometric and body composition indices, in overweight and
obese women with PCOS, after 12 weeks of treatment and therefore, represents a potential

treatment option in PCOS for improving future cardiovascular risk.
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6 Chapter 6: Effect of empagliflozin versus metformin on
endothelial microparticles in overweight and obese women
with PCOS

6.1 Introduction:

In the previous chapter (chapter 5), we discussed that empagliflozin effects on hormonal,
metabolic and cardiovascular markers are comparable to metformin and empagliflozin could
potentially be used as an alternative treatment in overweight and obese women with PCOS.
Further, in this chapter we tried to look more deeply into the effects of empagliflozin
treatment on the vascular endothelial cells. We have already discussed in chapters 3, 4 and 5
that women with PCOS are associated with endothelial dysfunction (444) that results in
abnormal activation and adhesion of platelets and leukocytes with release of cytokines
resulting in atherosclerotic plaque formation (445). In PCOS, several cardiovascular risk
factors contribute to endothelial dysfunction leading to an increased cardiovascular risk (446).
Additionally, increased levels of EMPs in plasma reflect endothelial cell activation or
apoptosis and may represent endothelial dysfunction as suggested in recent trials that EMPs
promote endothelial dysfunction by suppressing the production of NO and prostacyclin and
are an emerging surrogate markers of endothelial dysfunction (447, 448). The EMPs express
specific surface proteins and the flow cytometry relies on the use of these markers for the
identification and quantification of endothelial origin of MPs. The most common endothelial
proteins expressed are CD31, CD54, CD62, CD105, CD106, CD142, CD144, and CD146
(389) (figure 1.4).

Empagliflozin, a direct inhibitor of SGLT2 is a new treatment option for T2DM (483) that

has shown to induce favourable effects on arterial stiffness and vascular resistance in both
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T1DM and T2DM patients (381, 382). In the EMPA-REG OUTCOME(R) trial, empagliflozin
caused 38% relative risk reduction in cardiovascular mortality and 32% relative risk
reduction in all-cause mortality in patients with T2DM (383). Furthermore, experimental
models of diabetes have shown that SGLT-2 inhibition reduces oxidative stress and
suppresses markers of inflammation and fibrosis (263). The suggested possible underlying
mechanisms for the beneficial effects of empagliflozin, in addition to lowering HbAlc, are
multiple interrelated pathways including changes in insulin resistance, plasma volume,
weight/fat mass and inflammation which are also very common pathological features of
PCOS (384, 514). Recently a study in Zucker diabetic fatty (ZDF) rats provided further
insights into the mechanisms that may mediate the effects of empagliflozin on cardiovascular
risk, which is by exhibiting anti-inflammatory effects, reducing glucotoxicity and by
preventing the development of endothelial dysfunction (509). Metformin, a standard
treatment in PCOS, has shown to improve endothelial dysfunction significantly in young
women with PCOS in both human and animal studies (515-517). Recently, in a trial,
metformin has also revealed to reduce the total number of microparticles in women with
PCOS (518). However, the trials exploring the effects of SGLT2 inhibitors especially
empagliflozin on endothelial function in terms of EMPs assessment in women with PCOS are
lacking.

Therefore, in this study, the aim was to investigate whether empagliflozin treatment in
overweight and obese women with PCOS could improve endothelial dysfunction in terms of

EMPs production and compare these effects to the metformin.
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6.2 Methods and material:

6.2.1 Ethical approval and informed consent:

The ethical approval and informed consent procedure have been explained in chapter 2

sections 2.1.1 and 2.1.2. The trial was registered on clinicaltrials.gov (ID: NCT03008551).

6.2.2 Subject recruitment:

This was an open-label, randomised, therapeutic exploratory study involving 40 women with

PCOS. Further explained already in chapter 2 sections 2.1.2

6.2.3 Recruitment criteria

The inclusion and exclusion criteria has been explained in chapter 5 section 5.2.3

6.2.4 Study visits:

The study visits have been explained in chapter 5 section 5.2.4

6.2.5 Randomization:

The randomization process is explained in chapter 5 section 5.2.5

6.3 Study measurements:

6.3.1 Anthropometric measures:

The anthropometric measures have been explained in chapter 2 section 2.3.4.

6.3.2 Blood sampling and laboratory analysis:

Already explained in chapter 2 sections 2.3.3, 2.3.4 and 2.3.6

Page 163 of 255



6.3.3 Statistical plan:
6.3.3.1 Sample size calculation:

The sample size calculation has been explained in chapter 5 section 5.3.3.1

6.3.3.2 Statistical analysis:

The statistical analysis has already been explained in chapter 3 under section 3.4.

6.4 Results:

6.4.1 Baseline characteristics and microparticles of patients:

The baseline anthropometric, hormonal and cardiovascular risk factors of both empagliflozin
and metformin groups have been shown and compared in chapter 5 section 5.4.3 and table 5.2.
The baseline microparticles of both groups have been shown and compared below in the table

6.1. None of the microparticles were significantly different between groups.

Parameters Empagliflozin group Metformin group P value
CD31 614.4 + 228.3 584.5 +184.8 0.8
CD54 1210.7 £ 623.4 1101.6 £ 575.1 0.4
CD62 841.4+472.9 770.7 + 267.3 1.0
CD105 168.1+72.0 136.2 + 28.5 0.3
CD106 258.1+111.9 262.9 + 105.3 0.5
CD142 2276.2 + 1648.6 1740.1 + 608.0 0.8

Table 6.1: Baseline microparticles comparison between empagliflozin and metformin group

Legend:

Abbreviations: CD31, Platelet Endothelial Cell Adhesion Molecule-1 (PECAM-1): CD54, Intercellular
Adhesion Molecule-1(ICAM-1): CD62, Cell Adhesion Molecule E-selectin: CD105, Endoglin (ENG): CD106,
Vascular Cell Adhesion Molecule-1 (VCAM-1): CD142, Platelet tissue factor
Data are presented as mean + SD. * = p<0.05
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6.4.2 Recruitment of patients:

The recruitment and progress of patients through the trial has been detailed in chapter 5

section 5.4.1

6.4.3 Compliance:

The compliance of the patients is detailed in chapter 5 section 5.4.2

6.4.4 Endothelial microparticles:

In this study, there was significant increase in CD54 and CD62 microparticles in the
empagliflozin group and CD106 microparticles in both empagliflozin and metformin groups.
There was no significant percentage change in CD31, CD54, CD62 CD105, CD106 and

CD142 microparticles between the two groups (figure 6.1. table 6.2).
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Figure 6.1: Graphical representation of effects of empagliflozin and metformin therapy on

endothelial microparticles.

Legend: CD31, Platelet Endothelial Cell Adhesion Molecule-1 (PECAM-1): CD54, Intercellular Adhesion
Molecule-1(ICAM-1): CD62, Cell Adhesion Molecule E-selectin: CD105, Endoglin (ENG): CD106, Vascular
Cell Adhesion Molecule-1 (VCAM-1): CD142, Platelet tissue factor: % Change (Percent change is the percent
difference compared with the baseline).

*States statistically significant (p<0.05)
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Empagliflozin group (n = 19) Metformin group (n = 20) % Change
Microparticles Baseline 12 week P value Baseline 12 week P value | Empagliflozin | Metformin | P value
CD31 614.4 + 228.3 643.0 + 286.4 0.6 584.5 +184.8 574.9 + 446.5 0.4 11.0+454 0.7 +£60.9 0.3
CD54 1210.7 £ 623.4 | 2076.2 +1884.9 | 0.004** 1101.6 + 575.1 1501.7 + 973.9 0.26 78.0+115.3 91.0+194.0 0.7
CD62 8414+ 4729 1278.1 + 900.7 0.009** 770.7 + 267.3 996.4 + 554.2 0.16 65.3+92.1 449 + 89.8 0.4
CD105 168.1£72.0 1425+81.1 0.3 136.2 £ 28.5 141.1£99.3 0.3 -1.9+£65.3 9.3%£86.5 0.8
CD106 258.1+111.9 404.4 +98.4 0.001** 262.9 + 105.3 471.3+207.4 0.000** 77.8+70.3 84.8 £63.2 0.8
CD142 2276.2 + 1648.6 | 2953.4 + 2252.0 0.1 1740.1 + 608.0 19425 +767.1 0.5 52.9+73.8 30.4+£70.2 0.4

Table 6.2: Comparison of microparticles evaluation before and after empagliflozin or metformin supplementation

Legend:

Abbreviations: CD31, Platelet Endothelial Cell Adhesion Molecule-1 (PECAM-1): CD54, Intercellular Adhesion Molecule-1(ICAM-1): CD62, Cell Adhesion Molecule E-selectin: CD105, Endoglin (ENG): CD106,
Vascular Cell Adhesion Molecule-1 (VCAM-1): CD142, Platelet tissue factor

Data are presented as mean + SD. Percent change is the percent difference compared with the baseline.

* = p<0.05, **=p<0.01, P value = % change of the difference between Groups (95% CI)
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6.4.4.1 CD31: Platelet endothelial cell adhesion molecule-1 (PECAM-1):

There were no significant changes in CD31 microparticles in both empagliflozin and
metformin groups as compared to their baseline values (figure 6.2). Similarly, no significant
difference was observed in the empagliflozin group as compared to metformin group when

percentage change was performed (11.0 + 45.4 vs 0.7 £ 60.9; p=0.3) as shown in figure 6.1

and table 6.2.
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Figure 6.2: Changes in CD31 microparticles before and after empagliflozin or metformin
therapy

Legend: Empagliflozin V2, Baseline levels of CD31 microparticles in empagliflozin group; Empagliflozin V3,
Levels of CD31 microparticles after empagliflozin treatment; Metformin V2, Baseline levels of CD31
microparticles in metformin group; Metformin V3, Levels of CD31 microparticles after metformin treatment
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6.4.4.2 CD54: Intercellular adhesion molecule-1(ICAM-1):

The CD54 microparticles were increased significantly only after empagliflozin treatment
(1210.7 £ 623.4 vs 2076.2 + 1884.9; p=0.004) but not after metformin treatment when
compared to their baseline values (figure 6.3). The increase in empagliflozin group was not
statistically significant when percentage change was performed as compared to metformin

group as explained in figure 6.1 and table 6.2.
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Figure 6.3: Changes in CD54 microparticles before and after empagliflozin or metformin

therapy

Legend: Empagliflozin V2, Baseline levels of CD54 microparticles in empagliflozin group; Empagliflozin V3,
Levels of CD54 microparticles after empagliflozin treatment; Metformin V2, Baseline levels of CD54
microparticles in metformin group; Metformin V3, Levels of CD54 microparticles after metformin treatment
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6.4.4.3 CDG62: Cell adhesion molecule E-selectin:

The CD62 microparticles were increased significantly only after empagliflozin treatment
(841.4 = 4729 vs 1278.1 = 900.7; p=0.009) but not after metformin treatment when
compared to their baseline values (figure 6.4). However, the increase in the empagliflozin
group was not statistically significant when percentage change was performed as compared to

metformin group as explained in figure 6.1 and table 6.2.
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Figure 6.4: Changes in CD62 microparticles before and after empagliflozin or metformin

therapy

Legend: Empagliflozin V2, Baseline levels of CD62 microparticles in empagliflozin group; Empagliflozin V3,
Levels of CD62 microparticles after empagliflozin treatment; Metformin V2, Baseline levels of CD62
microparticles in metformin group; Metformin V3, Levels of CD62 microparticles after metformin treatment
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6.4.4.4 CD105: Endoglin (ENG):

There were no significant changes in CD105 microparticles in both the empagliflozin and
metformin groups compared to their baseline values (figure 6.5). Similarly, no significant
differences were observed in percentage change in CD105 microparticles between
empagliflozin and metformin group (-1.9 = 65.3 vs 9.3 + 86.5; p=0.8) as revealed in figure

6.1 and table 6.2.
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Figure 6.5: Changes in CD105 microparticles before and after empagliflozin or metformin

therapy

Legend: Empagliflozin V2, Baseline levels of CD105 microparticles in empagliflozin group; Empagliflozin V3,
Levels of CD105 microparticles after empagliflozin treatment; Metformin V2, Baseline levels of CD105
microparticles in metformin group; Metformin V3, Levels of CD105 microparticles after metformin treatment
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6.4.45 CD106: Vascular cell adhesion molecule-1 (VCAM-1):

The CD106 microparticles were increased significantly after both empagliflozin (258.1 +
111.9 vs 404.4 + 98.4; p=0.001) and metformin treatment (262.9 + 105.3 vs 471.3 + 207.4;
p=0.000) compared to their baseline values (figure 6.6). However, the increase in
empagliflozin group was not statistically significant when percentage change was performed

as compared to metformin group (p=0.8) as explained in figure 6.1 and table 6.2.
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Figure 6.6: Changes in CD106 microparticles before and after empagliflozin or metformin
therapy

Legend: Empagliflozin V2, Baseline levels of CD106 microparticles in empagliflozin group; Empagliflozin V3,
Levels of CD106 microparticles after empagliflozin treatment; Metformin V2, Baseline levels of CD106
microparticles in metformin group; Metformin V3, Levels of CD106 microparticles after metformin treatment
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6.4.4.6 CD142: Platelet tissue factor:

There were no significant changes in CD142 microparticles after both empagliflozin and
metformin treatments as compared to their baseline values (figure 6.7). Similarly, no
significant difference in percentage change was observed between empagliflozin and
metformin groups (52.9 £ 73.8 vs 30.4 + 70.2; p=0.4) as presented in figure 6.1 and shown in

table 6.2.
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Figure 6.7: Changes in CD142 microparticles before and after empagliflozin or metformin

therapy

Legend: Empagliflozin V2, Baseline levels of CD142 microparticles in empagliflozin group; Empagliflozin V3,
Levels of CD142 microparticles after empagliflozin treatment; Metformin V2, Baseline levels of CD142
microparticles in metformin group; Metformin V3, Levels of CD142 microparticles after metformin treatment

173



ZEESHAN JAVED

6.5 Discussion:

In this study, three months of empagliflozin treatment in overweight and obese women with
PCOS caused a statistically significant increase in the levels of CD54, CD62 and CD106
microparticles while metformin treatment resulted in statistically significant increase in
CD106 microparticles only. There were no significant changes in CD31, CD105 and CD142
microparticles in both groups. Despite the differences in some EMPs within the groups, there
were no significant differences between groups. These findings give us further understanding
about the role of both empagliflozin and metformin in women with PCOS and suggest that
their function could be partly mediated through the modulation of vascular endothelial
function.

CD54 is a cell surface protein that is normally expressed in low amounts on the vascular
endothelial cells. It is also expressed on cells of immune system such as lymphocytes and
macrophages (457). During acute or chronic inflammatory processes the expression of CD54
is increased significantly and plays a vital role in promoting inflammation by helping
transmigration of leukocytes across the endothelial cells into the sites of inflammation
through binding with the adhesion molecule LFA-1 over the leukocytes (457). In this study,
significantly increased production of CD54 microparticles after empagliflozin treatment
suggests increased activation of vascular endothelial cells with increased expression of CD54
to promote inflammation which could be deleterious in obese women with PCOS as they are
already associated with chronic low grade inflammation (519). It also suggests that
empagliflozin worsens underlying endothelial dysfunction in women with PCOS that could
worsen further endocrine and metabolic abnormalities found in these patients and increase
future cardiovascular risk (324). Similarly, CD62 or E-selectins are cell adhesion molecules
expressed exclusively on the activated vascular endothelial cells in response to the local

release of cytokines by macrophages in the inflamed tissue (520). E-selectins are involved in
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the key steps of leukocytes migration to the sites of inflammation and injury thus playing a
vital role in inflammatory processes (458). Empagliflozin treatment in this study resulted in
statistically significant increase in the production of E-selectin microparticles in overweight
and obese women with PCOS suggesting increased underlying tissue inflammation and
impaired endothelial dysfunction that could be deleterious in them.

CD106 or VCAM is a cell adhesion molecule that is expressed excessively on the vascular
endothelial cells after stimulation by cytokines (465). CD106 facilitates the adhesion
of inflammatory cells such as monocytes, lymphocytes, eosinophils and basophils to the
vascular endothelium and, therefore, play a vital role in the development
of atherosclerosis and inflammatory processes (465, 466). The significantly increased
production of CD106 microparticles in this trial after empagliflozin treatment suggests
further impairment of underlying endothelial dysfunction in women with PCOS that put them
at high risk of having future cardiovascular risk.

The initial concept was that high microparticle levels were deleterious to health due to their
association with the development of the atherothrombotic processes, sepsis and vascular
dysfunction (299, 521). However, recently in vitro data have suggested the potential
beneficial effects of EMPs on vascular endothelial integrity such as vascular repair, control of
cellular death mechanisms, their cyto-protective activities and induction of adaptive
immunity (299). Similarly, recent study on HUVECs has shown that EMPs possess
functional endothelial nitric oxide synthase (eNOS) and play an important role in the
feedback loop of damage and repair during homeostasis and also prevent against lipid
induced endothelial damage via restoring nitric oxide production and reducing oxidative
stress (522). In our study, though the CD54, CD62 and CD106 microparticles increased
significantly after three months of empagliflozin treatment, endothelial function improved in

this group (non-significantly) and the results were comparable to the metformin group and
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did not differ significantly between groups (explained in chapter 5). Similarly, there was
significant improvement in anthropometric and body composition parameters with some
improvement in insulin resistance and hyperandrogenaemia after three months of
empagliflozin treatment that was comparable to metformin, further suggesting that high
production of EMPs in this group could be beneficial. Further work is needed to distinguish
between deleterious and beneficial EMPs. There is no data currently available regarding the
effects of SGLT2 inhibitors especially empagliflozin on microparticles; however, recently a
study on diabetic rats suggested a beneficial role of empagliflozin through the prevention of
endothelial dysfunction, diminished oxidative stress and demonstrates anti-inflammatory
effects (509). The authors suggested that further in vivo studies are required to elaborate the
role of SGLT2 inhibitors in modifying endothelial function.

Interestingly there was statistically significant increase in the CD106 microparticles in the
metformin group that theoretically suggests worsening of underlying endothelial function,
which could be related to increased weight and fat mass in this group after metformin
treatment. However, there was significant improvement in free testosterone after metformin
treatment associated with a trend towards improvement in FAI, EndoPAT, hormonal and
metabolic parameters in this group that again suggests further exploration to elaborate the
role of microparticles. Metformin has previously shown to improve endothelial function
(measured using FMD, carotid intima-media thickness) in women with PCOS in several trials
(523, 524). Metformin has also shown to improve the levels of endothelial microparticles and
endothelial progenitor cells in patients with diabetes (525). In one of the trials in women with
PCOS, metformin decreased total number of microparticles and tissue factor (CD142) related
microparticles (526), however, the patients were not obese (BMI = 29.8kg/m?) and the free
testosterone level increased but in our study the PCOS women were obese (BMI =

38.88kg/m?) and the free testosterone was significantly reduced.
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When the endothelial cells are activated or stimulated, the microparticles released express
specific surface proteins such as CD31, CD105 and CD142 (299). CD31 makes up a large
portion of endothelial cell intercellular junctions and plays a major role in tissue
inflammation (463). CD105 is a part of transforming growth factor-beta family (TGF-p) and
is expressed on activated endothelial cells where it plays an important role in angiogenesis
and tissue inflammation (464). CD142 or tissue factor is expressed on sub-endothelial tissue
and leukocytes. It is essential for life as it has central role in haemostasis and initiating
coagulation cascade but aberrant CD142 expression could initiate life-threatening thrombosis
in situations such as sepsis, atherosclerosis, and cancer (527). In this study, there were no
statistically significant changes in CD31, CD105 and CD142 after both empagliflozin and
metformin treatment. There is no previous study regarding the effects of empagliflozin on
these microparticles but tissue factor microparticles were shown to be improved by
metformin in patients with diabetes associated with a significant decrease in weight and
HOMA-IR, however, CD31 microparticles were unchanged as seen in this study (525).

The strengths and limitations of the study have been explained in chapter 5 under discussion

section 5.5.

6.6 Conclusion:

In summary, there was significant increase in CD54 and CD62 microparticles after three
months of treatment with empagliflozin and CD106 microparticles after three months of
treatment with both empagliflozin and metformin suggesting the effects of empagliflozin and

metformin could be partly mediated through modulation of endothelial function.
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7 Chapter 7: General summary and future direction:

7.1 Summary:

PCOS is the most common endocrine disorder in women of reproductive age that is primarily
characterised by hyperandrogenaemia and ovulatory dysfunction (28). Besides reproductive
dysfunction, PCOS is associated with a diverse range of endocrine, metabolic and
cardiovascular risk factors such as obesity, insulin resistance, type 2 diabetes, dyslipidaemia,
systemic inflammation, subclinical atherosclerosis and endothelial dysfunction (149,
528). The current available treatments for PCOS are only moderately effective in controlling
symptoms and preventing future cardiovascular complications (482). The use of anti-
androgens along with suppression of ovarian function is often clinically unacceptable.
Therefore, the development of effective treatments for PCOS still remains challenging.
Vitamin D deficiency is very prevalent in women with PCOS, with serum concentrations of
<20 ng/ml have been reported. Low serum vitamin D levels in PCOS have been revealed to
have positive correlation with multiple cardiovascular risk factors including obesity, insulin
resistance, hyperandrogenism and DHEAS levels (368, 371, 401). Studies have shown that
vitamin D replacement therapy could be a promising alternative for the prevention and
treatment of PCOS and may have beneficial effects on insulin resistance, menstrual
irregularities and steroidogenesis of the sex hormones - oestradiol and progesterone in obese
women with PCOS but need further exploration (378, 402).

Empagliflozin, an SGLT2 inhibitor, is a new treatment option for T2DM, that has recently
shown to induce favourable effects on arterial stiffness and vascular resistance (common in
PCOS) in both TIDM and T2DM patients (381, 382). It improved cardiovascular risk
significantly in patients with T2DM, reduces oxidative stress, and suppresses markers of

inflammation (a feature of PCOS) and fibrosis (383). However, the studies looking at the
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effects of SGLT2 inhibitor, empagliflozin, on hormonal, metabolic and cardiovascular risk
factors in women with PCOS are lacking and therefore, need exploration. In the second study,
the comparator to empagliflozin was metformin that has shown to have favourable effects on
body weight, insulin sensitivity, hyperandrogenism, menstrual pattern and ovulatory function
in both obese and non-obese women with PCOS (21, 159).

The emerging evidence has associated NAFLD with vitamin D deficiency and suggests they
share multiple cardiometabolic risk factors (413). The data available until now supports the
rationale for further interventions to restore optimal vitamin D levels as a therapeutic option
for the NAFLD management, however, the results are varied and the dose of vitamin D used
in the trials is either very high or below therapeutic doses (529). Further, the early
recognition of NAFLD in women with PCOS is important to recognise as it can progress to
advanced liver disease at a much younger age (414). The high prevalence of NAFLD and the
rising costs both drive the need for devising robust screening tests to identify, monitor and
treat these patients at early stage in order to prevent subsequent morbidity and mortality (530).
ELF markers have has been recommended by NICE for testing and monitoring of advanced
liver fibrosis in NAFLD patients as the gold standard test, liver biopsy, is not feasible in
routine clinical practice (431). In this research work, three months supplementation with
therapeutic dose of vitamin D 3200 IU daily in obese women with PCOS resulted in
significant improvement in liver fibrosis markers (HA, PI1INP, TIMP-1) and their cumulative
ELF score. This study adds up to the current evidence that overweight and obese women
should be screened for underlying unrecognized NAFLD and further supports the current
recommendations for using ELF markers in the routine clinical setting for early detection and
monitoring of NAFLD. Additionally, this is the first study to show the beneficial effects of a
therapeutic dose of vitamin D on NAFLD in women with PCOS utilising ELF markers that

reflect on-going sinusoidal fibrogenesis in the liver. The changes in ELF were associated with

179



ZEESHAN JAVED

a significant decrease in ALT levels that is a predictor of mortality independent of liver
disease and is an indicator of general health (430). The changes in ELF score and ALT were
independent to changes in body weight, insulin resistance, FAI and inflammatory markers
suggesting a direct beneficial effect of vitamin D on hepatic cells, perhaps reducing hepatic
fibrosis directly rather than indirectly via insulin resistance. These findings are in accord to
the recent data that showed no improvements in metabolic and cardiovascular risk factors
after vitamin D supplementation (531). Whilst several previous trials have not shown any
significant improvements in hepatic steatosis after vitamin D supplementation (529, 531),
they did not focus on ELF markers in NAFLD that are thought to be more sensitive in
detecting and monitoring early fibrosis as compared to previous biochemical and radiological
tests in NAFLD patients (530).

There was no improvement in the endothelial function, measured by EndoPAT machine and
expressed as RHI, after vitamin D supplementation; similarly, there were no significant
changes in the production of endothelial microparticles measured using flow cytometry as
compared to the placebo group. The dysregulation of EMPs has been suggested as an early
marker of vascular dysfunction (532) and improvement in their production could
subsequently reduce future cardiovascular risk in overweight and obese women with PCOS.
Vitamin D supplementation did not reduce the production of microparticles; however, the
increase in microparticles levels was more in the placebo group when compared to their
baselines values suggesting vitamin D could modulate endothelial function by stabilizing
endothelial lining. Further studies are needed to determine the optimum duration of treatment
and what level of vitamin D restoration is required to maintain this benefit. Previous in-vitro
and human studies have indicated the potential beneficial role of vitamin D in improving
endothelial function (454, 533); however, the in-vivo data related to alterations in EMPs

levels after vitamin D supplementation is lacking. This research work provided the evidence
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related to underlying changes at cellular level in terms of EPMs that could be responsible for
clinical benefits obtained after vitamin D supplementation and open the door for further
research to explore the underlying changes related to beneficial effects of various treatments
available.

In the second study, three months treatment with empagliflozin in women with PCOS was
shown to have significant improvements in multiple cardio-metabolic risk factors including
weight, BMI, waist and hip circumference associated with significant improvement in body
fat composition parameters including total body fat as compared to metformin, that is
commonly used as a treatment option in PCOS. The results obtained in this study after three
months of empagliflozin therapy are comparable to the results observed after metformin
treatment with an additional benefit of significant reduction in body weight and fat mass after
empagliflozin treatment suggesting empagliflozin could be a potential future treatment option
in obese women with PCOS. The improvement in percent body fat gives more meaningful
clinical information and is a better predictor of future cardiovascular risk as compared to BMI
(493, 494). There is some recent evidence from animal studies which explains that the
potential underlying mechanism by which SGLT2 inhibition exerts it beneficial effects on
body weight and composition is by augmenting fat utilization and browning which
subsequently reduces tissue inflammation and insulin resistance (500, 501). This is the first
clinical study in overweight and obese women with PCOS that further provided the evidence
regarding the beneficial effects of empagliflozin on anthropometric measures and body
composition parameters and warrants further exploration. Further, in this study effect of
SGLT?2 inhibition by empagliflozin on endothelial function was measured in overweight and
obese women with PCOS that did not differ, as evaluated by RHI, in either empagliflozin or
metformin groups as compared to their baselines. However, when endothelial function was

explored more deeply using flow cytometry to look at the production of endothelial
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microparticles there was a statistically significant increase in the levels of CD54, CD62 and
CD106 microparticles after empagliflozin treatment while metformin treatment resulted in
statistically significant increase in CD106 microparticles only. Despite the differences in
some EMPs within the groups, there were no significant differences between groups.
Although, there is no previous data in humans available to compare the effects of
empagliflozin on the endothelial microparticles, these findings suggest that both
empagliflozin and metformin may affect vascular endothelial function through changes in the
production of endothelial microparticles. This assumption is supported by a recent study in
rats showing that empagliflozin modifies endothelial function through the production of
endothelial microparticles under certain environmental situations (509). This research work
provides the first evidence in women with PCOS regarding the clinical effects of
empagliflozin and the potential underlying mechanism by which it exerts it effects that need

further exploration.

7.2 Future direction:

In the first study three months vitamin D supplementation reverted the ongoing underlying
liver fibrosis in overweight and obese women with PCOS as shown by significant
improvement in ELF score. Further large-scale studies would be of clinical use to look at the
long term effects of vitamin D supplementation by re-assessing liver markers after 6 months
and 12 months of supplementation in order to find out the required treatment duration that
could benefit the patients.

The effects of vitamin D on the hepatic fibrosis were independent of any changes in body
weight, hyperandrogenism, insulin resistance and inflammatory markers that suggest further
studies to look into the exact mechanisms by which vitamin D may be improving the
underlying fibrosis. Moreover, further studies are required to correlate the levels of vitamin D

with the degree of improvement in liver function and liver markers that would be helpful to
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determine the correct dose of vitamin D to give the clinical benefits, and at what level
vitamin D repletion should be attained to maintain that benefit.

In the second study, the clinical benefits found after three months of empagliflozin treatment
were comparable to metformin therapy with an additional benefit of loss of body weight and
improvement in body composition that suggests empagliflozin as a potential treatment option
in obese women with PCOS. The findings of this research work warrant further large scale
trials, with duration up to six months to one year, in order to assess the long term clinical
efficacy and safety of empagliflozin in obese women with PCOS.

EMPs were increased after both empagliflozin and metformin treatment for three months
which has left several questions unanswered that need further experimental and clinical trials:
Firstly, there is no data available that could comment on whether the production of EMPs is
affected by cold or hot weather as in the second study the participants were recruited in
summer and autumn while they finished the last visit in winter. Secondly, the long-term
effects of both empagliflozin and metformin treatment (>3 months) on the production of
EMPs need to be determined. Lastly, further evidence is required to delineate which EMPs
are deleterious to the body and which one are beneficial that potentially depends upon the
stimuli and probably the environmental conditions under which the production is either

increased or decreased.
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9 Chapter 9: Appendix

9.1 Patient information sheet and consent form for study 1:

Hull and East Yorkshire Hospitals NHS

MHS Tr

Vitamin D & PCOS

Participant Information Sheet and Consent Form

(Version 3.0 — 11/09/2014)

1. Study Title:
The effect of colecalciferol (Vitamin D) on hormonal, metabolic and cardiovascular risk

factors in patients with polycystic ovary syndrome (PCOS)

Short title: Vitamin D & PCOS
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2. Invitation
We would like to invite you to take part in a research study. Before you decide, we would

like you to understand why we are doing this research and what it would involve. Please,
take your time to read the following information carefully and discuss it with your friends,
relatives and your GP if you wish. Ask us if there is anything that is not clear to you or if

you want more information. Take time to decide whether or not you wish to take part.

3. What is the purpose of the study?
Polycystic ovary syndrome (PCOS) is a very common condition in women which could

present with irregular periods, excessive hair growth on body, acne and cysts in the
ovaries.

PCOS is also associated with increased risk of problems later in life like diabetes, high
cholesterol levels and heart disease. One of the risk factors for having increased incidence
of such problems in PCOS patients could be low vitamin D levels as many women with
polycystic ovary syndrome (PCOS) are vitamin D deficient. Vitamin D supplementation
may have a beneficial effect on insulin levels and fat around the abdomen. It has been seen
in previous research studies that low level of vitamin D is related to a greater risk of
diabetes and heart disease. Low vitamin D levels are also associated with fat in the liver.
The amount of fat in the liver is a sign of early liver disease. So, in this study we want to
supplement women having PCOS and vitamin D deficiency with vitamin D (3,200 1U) and
examine the effects on hormones related to PCOS and risk factors for diabetes and heart
disease in them.

4. Why have | been chosen?

You have been invited to take part in this study because you are a woman, aged 18-45,
having PCOS. You cannot take part in this study if you have a history of diabetes,

kidney problems, high level of calcium in urine or blood, allergic to soya or peanut
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and planning to conceive or having any form of hormonal contraceptives. If you will
be interested in taking part, you will be advised to stop hormonal contraceptives and

use barrier methods of contraception while on this study.

5. Do I have to take part?
No, the choice to take part is entirely yours. Only when you feel satisfied that you

have been given enough information about the study and you would like to
participate, will you be asked to sign a consent form. You are still free to withdraw at
any time and without giving a reason. You will not be penalized if you choose to
withdraw and it will not compromise your medical care. For independent advice on

taking part in clinical research you can visit NIHR website www.nihr.ac.uk

6. What will happen to me if | take part?
Please have a look at the study timetable (appendix 1). This will give you information

about what the study involves. For example how often you will have to come and see
us and what tests will be performed.
The study includes total of 3 visits to the Diabetes Centre, Hull Royal Infirmary,

Anlaby road, Hull HU3 2RW.

Visit 1:
Visit 1 is the screening visit to identify your eligibility to take part in the study. The
length of this visit will be 1.5 hours. The screening includes:

1) Answering any questions you may have before asking you to sign the
consent form.

2) Medical history including your previous and current medical conditions
and your list of medications, if you are taking any.

3) Physical examination. It will include listening to heart & lung sounds with
the stethoscope, brief examination of the stomach and assessing the nerves
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of the body by checking the sensations and strength of muscles of arms
and legs. If requested, a chaperone will be provided.

4) Measuring your heart rate and blood pressure.

5) Routine blood tests to assess your blood count, kidney function and
vitamin D levels. Total amount of blood taken during this visit is around
15 millilitres (mls), the same as 3 teaspoons.

If your vitamin D levels are low and you meet all the study criteria, we will invite you
on to the study. But if your vitamin D levels are normal, you will not be able to
participate in the study.

Visit 2:

Visit 2 will be within 1-2 weeks after the screening visit. You will be asked to fast for
10 hours except drinking water before attending this visit. This visit will last for 2.5
hours. You will be randomly allocated to either one capsule of vitamin D (active
preparation) or a dummy capsule (placebo) for 3 months. You have equal chances of

receiving the active preparation or placebo. This visit includes:

1) Measurement of height, weight, hip & waist circumference and body fat
percentage with a special instrument called TANITA (shown below). You
will be asked to stand on this scale to measure percentage of your body fat.
This procedure will take only 5 minutes.

2) Measuring your heart rate and blood pressure
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3)

4)

5)

6)
7)
8)

EndoPAT 2000 test. This is a non-invasive way of looking at early signs of
heart disease by looking at the health of the walls of the blood vessels. A
probe is placed on one finger of each hand and a blood pressure cuff is
placed on one arm. The blood pressure cuff is then inflated (to a level above
your blood pressure) for 5 minutes. This may cause some tingling in the arm
but it should not cause pain. Occasionally it can cause pain, if this happens
the procedure will be stopped immediately. After 5 minutes the cuff is
deflated and the blood flow through the fingers is analysed.

We will take small sample of fat (about as much as that can fit on your small
finger nail) from your tummy using a small needle. To do this we inject a small
amount of local anaesthetic which temporarily numbs the area of fat whilst we
get the fat, so it should be painless. But this procedure is optional. You can
take part in this study even if you don’t consent for this procedure.

Bloods to measure levels of hormones, glucose levels, blood fats, vitamin
D levels and risk markers for heart disease. Total amount of blood taken
during this visit will be around 50 millilitres (mls), the same as 3.5
tablespoons.

Urine sample to measure calcium levels.
Dispensing of study medications.

Both the blood and urine samples will be processed in the correct manner
and stored in freezers at -80 degrees. All samples will be stored in
anonymised form (appropriately labelled with a study number and study visit
number which will be identifiable only by the researchers involved in the
study). All samples will be stored for 2 years upon completing the study after
which any remaining samples will be disposed as clinical waste.

Visit 3:

Visit 3 will be 12 weeks after visit 2. You will be asked to fast for 10 hours except

drinking water before attending this visit. This visit will last for 2.5 hours. This visit

includes:
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3) EndoPAT 2000 test

4) Small sample of fat (about as much as that can fit on your small finger nail)
from your tummy using a small needle (optional).

5) Bloods to measure levels of hormones, glucose levels, blood fats, vitamin D
levels and risk markers for heart disease. Total amount of blood taken during
this visit will be around 50 millilitres (mls), the same as 3.5 tablespoons.

6) Urine sample to measure calcium levels.

At the end of the study you will receive treatment with vitamin D if indicated in your

blood tests.

7. What do | have to do?
If you would like to participate in this study, please contact Dr Zeeshan Javed Tel:

01482 675314 or any members of the clinical trial team on Tel: 01482 675372 or 01482
675387.

If you decide to participate, you will be asked to sign the consent form as proof
that you agree to participate in the study. This information sheet and a copy of the
signed consent form will be given to you as a record. You will receive a number
of appointments to attend the departments according to the protocol of the study.
You must tell your study doctor immediately if you have:

1) Any new symptoms or illnesses

2) Any new medical treatment, including surgery that you have from your GP
or any other doctor

8. What are the possible benefits of taking part?
The study will not have any direct benefits to you apart from increasing your blood

vitamin D levels if you are in active preparation group. But if at the end of the study
you were not in active preparation group you will receive treatment with vitamin D.

The information we get from this study will also determine whether this dose of
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vitamin D is effective at improving a number of risk factors associated with polycystic
ovary syndrome. If there are benefits then this could alter treatments available for those
with the condition. Increasing vitamin D, irrespective of the direct impact on PCOS is

regarded as protective for a number of health conditions.

9. Are there any risks to taking part in the study?
While taking blood samples and fat sample from the tummy may cause discomfort

and risks of inflammation/ infection/ bruising at the needle site. The procedures will
be explained to you before they are done to minimise the anxiety. The fat sampling
will be done under local anaesthesia by fully trained doctor to make it pain free and
blood sampling will be performed by the experienced nursing staff or study doctor
in accordance with the local guideline to minimise the risks. Please, let us know if

you have had a problem in the past.

10. What happens if new information becomes available?
Sometimes during the course of a trial, new information becomes available about the

treatment that is being studied. If this happens, your research doctor will tell you about
it and discuss with you whether you want to continue with the study. If you decide to
continue in the study you will be asked to sign an updated consent form.

We may decide that it is best for you to stop taking part in the study. We will explain

the reason to you. If the study is stopped for any other reason, we will tell you.

11. Expenses and payments
Volunteers will be compensated for all reasonable travel and parking costs. There will

be no formal payment for volunteering in the study.
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12. Will my taking part in the study be kept confidential?
Yes. Unless you tell anyone that you are taking part, only your GP will know. The

blood samples and test results that are collected will be anonymous when the results
are studied. All information will be confidential and treated in accordance with the
Data Protection Act 1998. Authorised personnel such as researchers, regulatory
authorities and people monitoring the quality of the research will have access to

the data with your consent.

13. What will happen to the results of the study?
The results will be published in appropriate medical journals. However, individual

people will not be identified and complete anonymity will be maintained in line with

Trust policy and the Data Protection Act 1998.

14. What will happen if you don’t want to carry on with the study?
Your participation in this study is strictly voluntary. You have the right to leave this

study at any time. If you withdraw from the study, we will destroy all your identifiable
samples, but we will need to use the data collected up to your withdrawal. You will not

be penalized if you choose to withdraw.

15. What if something goes wrong?
We do not anticipate any problems with the study. If you have a concern about any

aspect of this study, you should ask to speak to the researchers who will do their best to
answer your questions (01482 675314/5372). However, in the unlikely event that this
occurs you will be covered under the NHS compensation scheme, and details on our
complaint procedure can be obtained on our trust website (http://www.hey.nhs.uk).

16. Who is organising and funding the research?
The research is organised by Dr Thozhukat Sathyapalan and sponsored by:
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Hull and East Yorkshire Hospitals NHS Trust,

R & D department, Office 6, 2nd Floor Daisy Building,
Castle Hill Hospital, Castle road,

Cottingham, East Yorkshire HU16 5JQ

17. Who has reviewed the study?
The study has been reviewed in the UK by NRES Committee Yorkshire & The Humber

and has been given a favourable ethical opinion for conduct in the NHS.

18. Contact for further information
General issues about research

For independent advice on taking part in clinical research you can visit NIHR website.

www.nihr.ac.uk

Specific information about this research project

Information can be discussed with Dr Zeeshan Javed or any members of the clinical
trial team, please telephone 01482 675314/675372, 8am to 4pm weekdays and 01482

328541 out of hours.

19. What if there is a complaint?
If you have a concern about any aspect of this study, you should ask to speak to the

researchers who will do their best to answer your questions 01482 675372. If you
remain unhappy contact Patient Advice and Liaison Service (PALS), if necessary, they
will activate formal complaint procedure. Details can be obtained from Hull Royal

Infirmary.
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Thank you for taking time to read the details of our research project.

This information sheet and a copy of the consent form that you have signed are for

you to keep for future reference.

Table 1: Study matrix showing tests that will be conducted and at what time-

points.

Visitl
(Screening)

Visit 2
(Week 0)

Visit 3
(Week 12)

Consent

X

Medical history

Inclusion/Exclusion

Full physical examination

BP & pulse

Height, weight, hip & waist
circumference, TANITA

Stiffness of arteries-EndoPAT 2000

Fasting overnight

Blood tests

Urine sample

Adipose tissue biopsy (Optional)

Study medications dispensed

Adverse event recording
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Hull and East Yorkshire Hospital

MHS

MHS Tru

Consent Form for Vitamin D & PCOS Study (Version 3.0 —11/09/2014)

Study Title: The effect of colecalciferol (Vitamin D) on hormonal, metabolic and

cardiovascular risk factors in patients with polycystic ovary syndrome (PCOS)

Names of Researchers: Dr T Sathyapalan, Dr Zeeshan Javed

Participant Initials:

Participant identification number:

Please Initial Box

I confirm that | have read and understand the information sheet dated
11/09/2014 (version 3.0) for the above study. | have had the opportunity to
consider the information, ask questions and have had those answered

satisfactorily.

| understand that my participation is voluntary and that | am free to withdraw at
any time without giving any reason, without my medical care or legal rights

being affected.

| understand that relevant sections of my medical notes and data collected
during the study may be looked at by individuals from regulatory authorities or
from the NHS Trust, where relevant to my taking part in the research. | give

permission to these individuals to have access to my records.

| agree to my general practitioner being informed about my participation in the

study.

| agree to have the adipose tissue biopsy under local anaesthesia (you can opt

out of this aspect of the study but still participate in the study)
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6 | | agree for the storage and use of blood and adipose tissue biopsy samples for
future research in PCOS patients and various related conditions including

obesity and type 2 diabetes mellitus. Samples will be stored anonymised for up

to 2 years

7 | | give permission to the research team to be able to access my medical records.

8 | | agree to take part in the study.

Name of the Participant Signature Date and time

Name of Researcher Signature Date and time

One for patient, one for researcher, one to be kept with source documents
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9.2 Patient information sheet and consent form study 2:

Hull and East Yorkshire Hospitals m

NHS Trust

Empagliflozin vs metformin in PCOS

Participant Information Sheet and Consent Form

Study title: The effect of empagliflozin versus metformin on hormonal, metabolic and
cardiovascular risk factors in patients with polycystic ovary syndrome (PCOS) — a

randomised, open-label, parallel therapeutic exploratory pilot study

Short title: Empagliflozin vs metformin in PCOS (EMMET)

Invitation

We would like to invite you to take part in a research study. Before you decide, we would
like you to understand why we are doing this research and what it would involve.

Please, take your time to read the following information carefully and discuss it with your
friends, relatives and your GP if you wish.

Ask us if there is anything that is not clear to you or if you want more information. Take

time to decide whether or not you wish to take part.
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What is the purpose of the study?

Polycystic ovary syndrome (PCOS) is a very common health problem that affects one in
10 women of child bearing age. Women with PCOS have a hormonal imbalance and
metabolism problems that may affect their overall health and appearance. Some of the
symptoms of PCOS include:

e Irregular periods. Women with PCOS may have fewer periods or miss periods. On
the other hand, their periods may come every 21 days or more often. Some women
with PCOS stop having menstrual periods.

e Too much hair on the face, chin, or other parts of the body where men usually have
hair. This is called “hirsutism.” It affects up to 70 percent of women with PCOS.

e Acne on the face, chest, and upper back

e Hair loss or thinning of hair on the scalp; male pattern baldness

e Weight gain or difficulty in losing weight

e Darkening of skin, mainly along neck creases, in the groin, and underneath breasts

e SKkin tags, which are small flaps of excess skin in the armpits or neck area

Furthermore, PCOS is also associated with increased risk of problems later in life like

diabetes, high cholesterol levels and heart disease.

There is no cure for PCOS but you can manage the symptoms of PCOS. Many women
need a combination of treatments in addition to weight loss depending on the symptoms
you have. The treatment options are very limited, so efforts are being made to develop
new medicines for PCOS patients to help in improving their quality of life.

Therefore, we are running a study in which a medication named “Empagliflozin” will be
tested. Empagliflozin belongs to a class of medicines known as SGLT-2 inhibitors. SGLT-
2 stands for sodium glucose co-transporter 2. Empagliflozin, in simple terms, increases the
amount of glucose passed in your urine. This medicine is usually used in patients with
type 2 diabetes and has led to improved blood pressure and weight loss in addition to
improving blood glucose levels.

We want to give Empagliflozin to women with PCOS to see its effect on hormones related

to PCOS and the risk factors for diabetes and heart disease. We will be comparing its
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effects to metformin (another drug for diabetes) which has already been used in PCOS
with very good results.

This is a feasibility study. This means we are looking to understand the effects of
empagliflozin in PCOS women, and other aspects of conducting other studies like this.
This information can be used in designing a bigger trial in the future using Empagliflozin

as one of the treatments we would be studying.

Why have | been chosen?
You have been invited to take part in this study because you are aged 18-45 with

PCOS. You cannot take part in this study if you have a history of diabetes, kidney or
liver problems, recurrent urinary tract infections (infections that can affect the bladder,
the kidneys and the tubes connected to them), an allergy to lactulose, are planning to
conceive or taking any form of hormonal contraceptives. However, if you are taking a
hormonal contraceptive and are interested in taking part in the study, you will be
advised to stop your hormonal contraceptive for 3 months prior to starting the study

and use barrier methods of contraception while on this study.

Do I have to take part?

No, the choice to take part is entirely yours. Only when you feel satisfied that you
have been given enough information about the study and you would like to
participate, will you be asked to sign a consent form. You are still free to withdraw at
any time and without giving a reason. If you chose not to take part or withdraw
from the study it will not affect your planned treatment and care in any way. For
independent advice on taking part in clinical research you can visit the NIHR website

www.nihr.ac.uk
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What will happen to me if | take part?
If you decide to participate, you will be asked to sign a consent form as proof that you
agree to participate in the study.
The study includes a total of 3 visits to the Academic Diabetes, Endocrinology &
Metabolism Research Centre, Brocklehurst Building, Hull Royal Infirmary, Anlaby
Road, Hull HU3 2RW. The 3 visits will occur over a maximum of 17 weeks. The table
further on in this information sheet shows the visits and the procedures done at each
visit.
You have to refrain from any form of hormonal contraception while participating in this
study. If you fall pregnant whilst participating in the trial, you will be withdrawn from
the study drug. You will then be followed up by visits/telephone contacts once every 3
months during pregnancy and at birth and until 3 months after the birth of the baby to
monitor for any adverse effects.
Visit 1
Visit 1 is the screening visit to identify whether you meet all the study criteria needed
to be able to take part in the study. The length of this visit will be approximately 1 hour.
The screening includes:

1) Answering any questions, you may have before asking you to sign the

consent form.

2) Review of your medical history including your previous and current

medical conditions and your list of medications, if you are taking any.

3) Measuring your heart rate and blood pressure.

4) Taking routine blood tests to assess your hormone levels (if you have had

these blood tests done in the previous 2 weeks no further blood will be
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taken at this visit). Total amount of blood taken during this visit is around

10 millilitres (mls), the same as 2 teaspoons.

If you meet all the study criteria, we will invite you to join the study.

Visit 2

Visit 2 will be within 3 weeks after the screening visit. You will be asked not to eat any

food for 10 hours before attending this visit, although you will be allowed to drink

water. This visit will last for approximately 2.5 hours. You will be randomly allocated

to receive either empagliflozin 25mg daily for 3 months or metformin SR (Slow

Release) 1500mg daily for 3 months. You have an equal chance of receiving either the

empagliflozin or metformin.

This visit includes:

229

1) Review of any changes in your health or medications since the previous visit.
You must tell your study doctor if you have:
e Any new symptoms or illnesses
e Any new medical treatment, including surgery that you have from your

GP or any other doctor

2) Measurement of height, weight, hip & waist measurements as well as a
body fat percentage measured with a special instrument called TANITA
(shown below). You will be asked to stand on this scale to measure

percentage of your body fat. This procedure will take only 5 minutes.
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3)
4)

5)

6)

7)

8)

9)

Measuring your heart rate and blood pressure
A urine pregnancy test will be performed.

EndoPAT 2000 test. This is a non-invasive way of looking at early signs of
heart disease by looking at the health of the walls of the blood vessels. A
probe is placed on one finger of each hand and a blood pressure cuff is
placed on one arm. The blood pressure cuff is then inflated (to a level above
your blood pressure) for 5 minutes. This may cause some tingling in the arm
but it should not cause pain, but should pain occur the procedure will be
stopped immediately. After 5 minutes the cuff is deflated and the blood flow
through the fingers is analysed.

We would like to take a small sample of fat (about as much as that can fit on
your small finger nail) from your tummy using a small needle. To do this we
inject a small amount of local anaesthetic that temporarily numbs the area of fat
whilst we remove it, so it will be painless. This procedure is optional and you
can take part in this study even if you don’t consent for this procedure.

Bloods to measure levels of hormones, glucose levels, blood fats, and risk
indicators for heart disease. Total amount of blood taken during this visit
will be around 50 millilitres (mls), the same as 3.5 tablespoons.

You will be asked to fill out 3 health questionnaires. These questionnaires
are approved and are designed in a way to help us better understand the
effects of the study drug on your health especially PCOS symptoms, your
daily life activities and mood.

You will be given your study medication.

Telephone call at Week 6
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We will telephone you at this point to check that you are managing to take your
medication as instructed and to ask if you have had any changes in your health and if
you are taking any new medication.

Visit 3

Visit 3 will be 12 — 13 weeks after visit 2. You will be asked not to eat any food for 10
hours before attending this visit, although you will be allowed to drink water. This visit
will last for approximately 2.5 hours.

This visit includes:

1) Review of any changes in your health or medications since the previous visit.
You must tell your study doctor if you have:
e Any new symptoms or illnesses
e Any new medical treatment, including surgery that you have from your
GP or any other doctor.

2) Measurement of height, weight, hip & waist circumference and body fat
percentage with the TANITA instrument mentioned in Visit 2.

3) Measuring you heart rate and blood pressure.
4) EndoPAT 2000 test as detailed in Visit 2.

5) Small sample of fat (about as much as that can fit on your small finger nail) from
your tummy using a small needle (optional) as detailed in Visit 2.

6) Bloods to measure levels of hormones, glucose levels, blood fats, and risk
indicators for heart disease. Total amount of blood taken during this visit will
be around 50 millilitres (mls), the same as 3.5 tablespoons. You will be asked
to fill out 3 health questionnaires as in Visit 2.

Telephone call 30 days after your last study visit (Visit 3)

We will telephone you at this point to check if you have had any changes in
your health since your final study visit.

Table of visits and procedures
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Visit 1 (Screening) Visit 2 (Week 0) Telephone Visit 3 Telephone
. . . call
Non fasting (Baseline visit) call (Week 12 +/- 7 days) (30 days after
(within 3 weeks of Fasting (Week 6) (End of study visit) final visit 3)
visit 2) (+/- 4 days) Fasting (+/- 4 days)
Consent X
Medical and drugs
history X
Inclusion/Exclusion X
Pregnancy test X
Randomisation X
BP, pulse X X
Height, weight, hip &
waist  circumference, X X
TANITA
Stiffness of arteries-
EndoPAT X X
Fasting overnight X X
Bloods for hormonal X
markers (if not done within the last
2 weeks)
Bloods for hormonal,
metabolic and
cardiovascular  risk X X
markers
MPCOSQ X X
PHQ-4 X X
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WPAI:GH

Fat Biopsy (optional)

Study medications

dispensed
Adverse event
recording
Change in

concomitant

medication

Study medication

compliance

What do | have to do?
If you would like to participate in this study, please contact Dr Zeeshan Javed Tel: 01482
675314 or any members of the clinical trial team on Tel: 01482 675372 or 01482 675387.

What will happen to the samples | give?
The blood samples will be processed and stored in freezers at -80 degrees. All samples

will be stored in an anonymised form (appropriately labelled with a study number and
study visit number which will be identifiable only by the researchers involved in the
study).

The fat samples will be analysed within one year of the end of the study and then
destroyed. All blood samples will be stored for future research in PCOS patients and

various related conditions including obesity and type 2 diabetes mellitus. The
anonymised samples will be stored for up to 2 years and then destroyed.

What are the possible benefits of taking part?
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You may benefit as a result of your participation in this trial, there is, however, no
guarantee that you will. Results from this trial may benefit others in the future as the data
collected will provide the medical and scientific community with information about
treatment for PCOS. The information we get from this study will also determine whether
this dose of empagliflozin is effective at improving a number of risk factors associated
with polycystic ovary syndrome. If there are benefits, then this could alter treatments

available for those with the condition.

Are there any risks to taking part in the study?

Taking blood samples and fat samples from the tummy may cause discomfort and risks
of inflammation/ infection/ bruising at the needle site. The procedures will be
explained to you before they are done to minimise any anxiety. The fat sampling will
be done under local anaesthesia by a fully trained doctor to make it pain free and blood
sampling will be performed by the experienced nursing staff or study doctor in
accordance with the local guideline to minimise the risks. Please, let us know if you

have had a problem in the past.

What are the side effects of treatment?
Treatment with any medicine can cause side effects. As mentioned, you will be treated

with either empagliflozin or metformin in this trial. In this section the potential side effects
for empagliflozin when used to treat Type 2 diabetes are listed by frequency. Frequencies

are defined as:

e very common (affects 1 to 10 patients in 10)

e common (affects 1 to 9 patients in 100)

e uncommon (affects 1 to 9 patients in 1000)

e rare (affects 1 to 9 patients in 10,000)

e veryrare (<1/10,000; affects less than 1 patient in 10,000)

e frequency not known (cannot be estimated from the available data)
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If you suffer from any of the side effects mentioned below, you should tell your trial
doctor the next time you meet, regardless of whether or not you feel they are related to, or
caused by, the trial medication. If you are worried about any of these side affects you can
contact your trial doctor whenever you want.

As with all drugs, empagliflozin may cause an allergic reaction that could become serious

and require immediate treatment in a hospital.

Empagliflozin side effects

In research studies carried out so far, empagliflozin has been given as a single dose up to
800 mg to healthy people, as multiple doses up to 100 mg for up to 28 days to people with
Type 2 diabetes, and as multiple doses up to 25 mg for up to 56 days to people with Type
1 diabetes.

Approximately 8,700 patients with Type 2 diabetes mellitus have been treated with
empagliflozin in research studies, about 4,900 of them for at least 52 weeks, and about
2,800 of them for at least 76 weeks. At the end of 2014 approximately 8,000 patients were
still participating in ongoing long-term studies. The side effects observed with
empagliflozin in Type 2 diabetes are as shown below. Similar side effects are anticipated
in this study.

e Increase in urination frequency or amount of urine (common)

e Painful urination, also known as dysuria (uncommon)

e Urinary tract infections (common)

e Genital infections (common)

e Symptoms and signs of volume depletion (decrease of water in the body) such
as hypotension (low blood pressure), syncope (fainting) (uncommon)

e ltching, also known as pruritus (common)

e Diabetic ketoacidosis (DKA) is a serious problem that happens to people with
diabetes when chemicals called “ketones” build up in their blood. As you do
not have diabetes then this will not happen (uncommon)

e Increased cholesterol in the blood (common)
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e Increased amount of red cells in the blood (uncommon).

In recent clinical trials, empagliflozin has shown beneficial effects, especially has resulted
in blood pressure decrease up to 4.8 mmHg and body weight decrease up to 2.2 kg. So,
your blood pressure and body weight will be monitored throughout the trial.

Metformin side effects

Metformin therapy is usually well tolerated and safe. The most common side effects are
nausea, vomiting, diarrhoea, tummy pain, flatulence and loss of appetite. These can occur
in around 1 in 10 people but usually only in the first two weeks of treatment.

Metformin therapy may lead to lactic acidosis, the build-up of lactic acid in the blood
which is potentially dangerous, in people who have moderately or severely abnormal
kidney or liver blood tests. We will make sure that your kidney and liver tests are adequate
before proceeding with the study. You should not exceed standard recommendations
for safe limits of alcohol consumption while you are on the study medication and you

should refrain from drinking more than 7 units per week.

What happens if new information becomes available?

Sometimes during the course of a trial, new information becomes available about the
treatment that is being studied. If this happens, your research doctor will tell you about it
and discuss with you whether you want to continue with the study. If you decide to
continue in the study you will be asked to sign an updated consent form.

We may decide that it is best for you to stop taking part in the study. We will explain the
reason to you. If the study is stopped for any other reason, we will tell you.

What happens when the research study stops?

At the end of the study (after Visit 3) you will stop taking the study medication and return

to your normal routine treatment.
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What happens if you become pregnant whilst on the study?

You will be advised to use adequate contraception whilst on the study; however, if you
become pregnant we will ask you to stop the trial medication immediately. We will take
expert advice from the obstetrician and the research team will follow you up by visits or
telephone contacts once every 3 months during pregnancy and at birth and until 3 months

after the birth of the baby.

Expenses and payments
Volunteers will be compensated for all reasonable travel and parking costs. There will be

no formal payment for volunteering in the study.

Will my taking part in the study be kept confidential?
Your records of being in this study will be kept private unless law requires other
people to see them. The following people may or will need to have access to your
study records:

»  Clinical research team

* Hull and East Yorkshire Hospitals NHS Trust R&D Department (Sponsor)

« The Medicines and Healthcare Products Regulatory Agency (MHRA)

»  The Research Ethics Committee (REC)
With your permission on the consent form, representatives from the Sponsor may
review some or all of your medical records to verify that you actually participated in
the study and that the information is accurate. All those who view your records will
have a duty of confidentiality to you as a research participant that nothing which

could reveal your identity will be disclosed outside the research site.
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All information which is collected about you during the course of the research will be
kept strictly confidential in the same way that your medical records are. No data
identifying you will be sent out of the hospital without your permission. Your full
name will not appear on any trial data or results, only your initials and study number.
Your full name will only appear on the consent form, prescription and the patient
identification list that we have to keep. All these documents will be kept in our study
files which will be kept in secure locked areas. Access to the study files is only given
to authorised staff.

What will happen to the results of the study?

When the study has finished, the results from all patients who took part in the study will
be analysed by the research team and checked by a statistician. The results will be made
available on a public website and published in appropriate medical journals. Your doctor
can provide you with a copy of these results if you are interested. You will not be

identified in any report, publication or presentation.

What will happen if you don’t want to carry on with the study?
Your participation in this study is strictly voluntary. You have the right to leave this study
at any time. If you withdraw from the study, we will use the data collected up to your

withdrawal unless instructed otherwise

What if something goes wrong?

We do not anticipate any problems with the study. If you have a concern about any aspect
of this study, you should ask to speak to the researchers who will do their best to answer
your questions (01482 675314/5387). If you remain unhappy and wish to complain, you

can do so via the NHS Complaints Procedure. Details can be obtained from:
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Patients Advisory Liaison Service (PALS) Officers

Tel: 01482 623065
Insurance and indemnity?
In the unlikely event that something does go wrong and you are harmed during the
research due to someone’s negligence, you may have grounds for legal action for
compensation against Hull and East Yorkshire Hospitals NHS Trust. You may have to pay
your legal costs. The normal National Health Service complaints mechanisms will be

available to you.

Who is organising and funding the research?
The research is organised by Professor Thozhukat Sathyapalan, Honorary Consultant
Endocrinologist. The University of Hull will fund all the study related costs.
The study is sponsored by:
Hull and East Yorkshire Hospitals NHS Trust,
R & D department, Office 6, 2nd Floor Daisy Building,
Castle Hill Hospital, Castle road,

Cottingham, East Yorkshire HU16 5JQ

Who has reviewed the study?

This study has been reviewed and approved by a Research Ethics Committee (REC), the
Health Research Authority (HRA) and the Medicines for Health Care Products Regulatory
Agency (MHRA). The REC is made up of a group of healthcare professionals and non-
medical people who are completely independent from anyone organising the trial. The REC

checks that the study protects your safety, rights, wellbeing and dignity. The HRA check that
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the study complies with legal aspects regarding clinical research. The MHRA check that the
study medication is safe to be taken by patients.
Contact for further information

General issues about research

For independent advice on taking part in clinical research you can visit the NIHR website

www.nihr.ac.uk .

Specific information about this research project

This information can be discussed with Dr Zeeshan Javed, Clinical Research Fellow or
any members of the clinical trial team, please telephone 01482 675314/675387, 8am to

4pm weekdays and 01482 328541 out of hours.

Thank you for considering participation in this study.
You will be given a copy of this information sheet and your signed consent form to keep

if you decide that you wish to take part in the study.
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Study title: The effect of empagliflozin versus metformin on hormonal, metabolic and

cardiovascular risk factors in patients with polycystic ovary syndrome (PCOS) — a

randomised, open-label, parallel therapeutic exploratory pilot study.

Principal Investigator: Professor Thozhukat Sathyapalan

Short title: Empagliflozin vs metformin in PCOS study

Participants

initials

1) I confirm that | have read and understand the information sheet dated 05/09/2017,
version 6 for the above study. | have had the opportunity to consider the information,

ask questions and have had those answered satisfactorily.

2) | understand that my participation is voluntary and that | am free to withdraw
at any time without giving any reason, without my medical care or legal rights
being affected.

3) Should I choose to withdraw consent, | agree that information obtained from
me in this study up to that point may still be used.

4) | understand that relevant sections of my medical notes and data collected
during the study may be looked at in confidence by individuals from the research
team, representatives from the Sponsor (Hull and East Yorkshire Hospitals NHS
Trust) and from regulatory authorities, in order to check that the trial is being
carried out correctly. | give permission to these individuals to have access to my
records to view sections that are relevant to my taking part in this research.

5) I agree to my General Practitioner being informed of my participation in the
study.

Optional
6) | agree to have the fat tissue biopsy under local anaesthesia (you can opt out of
this aspect of the study but still participate in the study)

7) | agree for the storage and use of blood samples for future research in PCOS
patients and various related conditions including obesity and type 2 diabetes
mellitus. The anonymised samples will be stored for up to 2 years.

8) I agree to take part in the study.

Participant identification number:

* Please do not complete the name or date for the patient.

When completed: 1 copy for patient, 1 copy for medical records, 1 original for investigator site file
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Name

Signature

Date

dd.mm.yy

Time

hh:mm

Participant

Investigator*
On Delegation

Log
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