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ABSTRACT

Metabolic syndrome (MetS) is the clustering of risk factors for type 2 diabetes
(T2D) and cardiovascular conditions (CVC). MetS features include abdominal
obesity, hyperglycemia, and dyslipidemia. The lipoprotein lipase (LPL) gene (LPL)
provides instructions for making the enzyme LPL, hence is crucial for lipid regulation.
LPL polymorphisms, including single nucleotide polymorphisms (SNPs), which have
been previously associated with MetS, may be of particular significance to the
progression of CVC and T2D. This study aimed to investigate the molecular
pathogenesis of T2D and CVC amongst individuals with polymorphisms of LPL.
SNPs rs268, rs11542065, rs116403115, rs118204057, rs118204061, rs144466625,
and rs547644955, in particular, were investigated using data from the UK Biobank.
Specifically, the confirmed diagnoses of T2D and CVC in the cohort with these SNPs
were assessed. In addition, this study also aimed to predict the confirmed diagnosis
of T2D and CVC in the cohort. Variables associated with MetS, T2D and CVC were
selected from the dataset and were analysed using SPSS. The total number of
participants analysed in the cohort was 12,872 (mean age 56 years +8.1; 90.0%
were of British ethnicity; 53.9% were females). Significant (p < 0.05) associations
between all the SNPs and diagnosis of both T2D and CVC were found. Statistically
significant differences in weight, BMI, diastolic BP, total lipids in lipoprotein, HbAlc,
WC, HDL, and LDL were found between SNPs. BMI and WC were significantly
higher in individuals who were diagnosed with both T2D and CVC; when sexes were
compared, men with T2D and CVC had slightly increased BMI and WC than women.
Prediction models using clinical parameters showed good AUC for predicting the
diagnosis of T2D and CVC in ROC analysis (AUC = .959 for T2D, AUC = .772 for
CVC). The addition of Polygenic Risk Scores (PRSs) showed diagnosis prediction

improvement for both (AUC = .961 for T2D, AUC = .790 for CVC), and further



addition of SNPs showed more AUC increase (AUC = .965 for T2D, AUC = .837 for
CVC). This study shows that the investigated LPL SNPs are associated with the
diagnosis of T2D and CVC. In addition, this study demonstrates that T2D and CVC
diagnoses may be predicted by clinically available factors, which may be further
enhanced by incorporating associated PRSs and SNPs, including the reported LPL
SNPs. These results can have particular implications for T2D and CVC prevention
and treatment with the utilisation of stratified and personalised medicine. In this light,
pharmacogenetic investigations of T2D and CVC related to these LPL SNPs
combined with current pharmacogenomics knowledge may pave the way for

improved preventive and therapeutic clinical guidelines.
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1. INTRODUCTION

Metabolic syndrome (MetS) is a major global health concern which has seen
unprecedented rise in the recent decades. It is a non-communicable disease
associated with the rapidly increasing obesity prevalence. MetS refers to the
clustering of cardiovascular disease (CVD) and type 2 diabetes (T2D) risk factors
including insulin resistance (IR), abdominal obesity, dyslipidemia, hypertension, and
hyperglycemia. In the United States, it is estimated that around one third of the adult
population has MetS (Saklayen, 2018). Globally, the prevalence is approximately 20-
30% in adults corresponding to over a billion people affected by MetS (Grundy,
2008, Saklayen, 2018).

Although extensive investigations on individual components of MetS have
been widely reported, studies on MetS as an entity are notably scarce in general,
and genetic studies are limited in particular (Monda et al., 2010). The heritability of
each component individually has been found to range from 16 to 60% with
lipids/glucose, obesity at 44% and blood pressure at 20%. In contrast, a study
conducted in Italy found the heritability of MetS to be 27% (O'Neill and O'Driscaoll,
2015). Nevertheless, many studies are in agreement that IR is at the core in the
pathogenesis of MetS. This is related to the role of insulin as a peptide hormone
secreted by pancreatic beta cells in response to increased blood glucose levels to
maintain normal metabolic state. Through its anabolic functions, insulin stimulates
transport of glucose in the liver, muscles, and adipocytes (Fahed et al., 2022, Saltiel,
2021). When IR develops, the metabolic consequences include hyperglycaemia,
hypertension, and dyslipidemia (Freeman et al., 2024).

Additionally, when IR develops in adipose tissues, thos impairment leads to
increased levels of circulating free fatty acids (FFAs) (Boden and Shulman, 2002,

Griffin et al., 1999). These FFAs promote lipogenesis and gluconeogenesis upon
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acting on the liver. Increasing the negative effects, FFAs also have lipotoxic effects
on pancreatic beta cells and increases triglyceride synthesis which subsequently
increases the production of very low-density lipoproteins (VLDLs) (Boden and
Shulman, 2002, Griffin et al., 1999, Murakami et al., 1995, Unger and Zhou, 2001).
The resulting disruption of lipoprotein homeostasis highlights the potential role of
lipoproteins in the development of obesity, MetS and related chronic diseases
(Fahed et al., 2022).

There are two main pathways in lipid metabolism: (1) the exogenous
pathway, which derives lipids from dietary sources; and (2) the endogenous
pathway, which involves lipids synthesized by the liver (Lent-Schochet and Jialal,
2024). Several transfer proteins and enzymes are involved in lipid regulation,
including hepatic lipase, endothelial lipase, lecithin: cholesterol acyltransferase
(LCAT), and lipoprotein lipase (LPL) (Feingold, 2000). LPL is involved in both the
endogenous and exogenous pathways. It breaks down triglycerides (TG), and the fat
molecules are used by the body as energy or stored in fatty tissue, which may
harden over time potentially leading to CVD (Kumari et al., 2021, Pirahanchi et al.,
2023). Additionally, when T2D is untreated and LPL activity is subnormal, this may
result in increased serum triglycerides and decreased HDL level, further contributing
to the development of CVD (Kumari et al., 2021).

The lipoprotein lipase gene (LPL) provides instructions for making the rate-
limiting enzyme LPL(Pirahanchi et al., 2023). LPL is located on 8p22, spans D30 kB
(kilobase), and contains 10 exons, which are the coding sections of an RNA
transcript (Xie et al., 2010). Several reports indicate that LPL variations may cause
IR changes therefore potentially resulting to obesity, MetS, and T2D (Goodarzi et al.,
2004, Huang, 2009, Kumari et al., 2021, Pirahanchi et al., 2023). In The Lancet,

Hopkins (1997) reported in his article entitled i L Ryene may shape diabetic futureo



that a polymorphism of the LPL gene has been associated with shorter time between
diagnosis of non-insulin-dependent diabetes and the development of cardiovascular
diseases. Other studies which have also reported evidence that variations in the LPL
gene associates with IR changes, which have repercussions on obesity and MetS
but these studies were population-specific. For instance, the study by Goodarzi
published in 2004 (Goodarzi et al., 2004) focused on Mexican Americans, while
Huang's study in 2011 was conducted among Chinese Han youths (Huang et al.,
2011).

Therefore, LPL polymorphisms may be of particular significance in the
progression of T2D and CVD, especially in the context of MetS. These include single
nucleotide polymorphisms (SNPs), which are single nucleotide substitutions at a
specific genomic locus. SNPs may help elucidate the susceptibility of certain
individuals to different diseases, including MetS, primarily via disease gene mapping.
This process involves relational assessments between variants and disease
phenotypes (Bell, 2002). Furthermore, SNPs in LPL have been reported to
potentially have diagnostic applications for MetS (Kang et al., 2023). In the, National
Institutes of Health (NIH) National Library Medicine, an online accessible source of
information for genetic studies, several SNPs of LPL are shown to have conflicting
interpretations of pathogenicity (i.e., some reports specify pathogenic for MetS or
MetS-associated diseases, some are contradictory, and others report no significance
or association). The SNPs in question include rs268, rs11542065, rs116403115,
rs118204057, rs118204061, rs144466625, and rs547644955 (seven SNPSs).

These SNPs with conflicting interpretations of pathogenicity may be of
particular interest for MetS and other healthcare research as additional studies could
clarify inconsistent findings in different populations. Specifically, further investigations

have the potential value of enhancing variant classification systems in the long run-



for example, via the understanding of sources of disagreements (e.g. reports from
commercial versus academic laboratories, different methods of interpretations used)
and identification of limitations (e.g. different classification frameworks/guidelines
used such as ACMPG/AMP (The American College of Medical Genetics and
Genomics/Association for Molecular Pathology), and ClinGen (Clinical Genome
Resource) (Nussbaum et al.,, 2017, Zukin et al., 2023). This could lead to
suggestions of improved models for variant classifications and/or better evidence for
reclassification may be provided, (Lazareva et al., 2024) further taking into
consideration factors such as out-dated studies, population-specific reports, or
limited evidence. This may result in improved public genomic resources in terms of
consistency, accuracy, robustness, and inclusivity amongst others, which may
subsequently lead to improved diagnostic accuracy and reliability of clinical
decisions, particularly for patients who undergo genetic testing or being considered
for personalised/precision medicine. Furthermore, studies on these SNPs in larger
populations may reduce conflicting disparities and provide important additional
information to help elucidate their role in the development of disease (Walsh et al.,
2021). Overall, studies on SNPs with conflicting interpretations of pathogenicity are
important contributors to improved public healthcare outcomes.

Using UK Biobank (UKB) data, this study aims to investigate the development
of T2D and CVD amongst individuals with the MetS-associated LPL SNPs
specifically rs268, rs11542065, rs116403115, rs118204057, rs118204061,
rs144466625, and rs547644955. Additionally, the study aims to predict the
incidence of T2D or CVC, as confirmed by definitive diagnosis amongst individuals in
the specified cohort using logistic regression analysis.

The objectives of this study are as follows:



(1) To identify LPL SNPs with conflicting interpretations of pathogenicity in the online
resource National Institutes of Health (NIH) National Library Medicine
(2) To detect individuals in the UKB with LPL SNPs rs268, rs11542065,
rs116403115, rs118204057, rs118204061, rs144466625, and rs547644955
(3) To select and download variables associated with MetS, T2D, and CVC from the
dataset that included: sex, age, weight, BMI, waist circumference (WC), hip
circumference (HC), smoking and alcohol drinking status, physical activity, and diet
variation, blood pressure (systolic and diastolic), cholesterol levels, HbAlc and
glucose levels, T2D and CVC were also included, standard polygenic risk scores
(PRS) for the relevant parameters in this study (PRSs for T2D, cardiovascular
disease (CVD), body mass index (BMI), glycated haemoglobin, coronary artery
disease (CAD), atrial fibrillation (AF), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), and hypertension)
(4) To analyse the data using SPSS version 29, focusing on the primary outcomes
as follows:
4.A) Descriptive characteristics of the cohort
4.B) Comparison of groups in relation to T2D and CVC diagnosis
4.B.1) SNPs vs diagnosis of T2D and CVC, using chi-square test for
independence
4.B.1l) Zygosity vs diagnosis of T2D and CVC, using chi-square test for
independence
4.B.1lII) SNPs vs clinical parameters, using one-way ANOVA and Post-
hoc Tukey analyses
4.B.1IV) SNPs vs Polygenic Risk Scores, using one-way ANOVA

4.C) Association of variables across different groups



4.C.l) Correlation between BMI and waist circumference with T2D and
CVC diagnosis in individuals with these SNPS
4.C.1I) Correlation between BMI and waist circumference with T2D and
CVC diagnosis in individuals with the SNPS: Males and Females
compared
4.C.1I1) Partial Correlation between waist circumference and LDL levels
while controlling for age

4.D) Prediction of confirmed T2D diagnosis by logistic regression
4.D.1) Prediction of confirmed T2D diagnosis by clinical parameters
4.D.1) Prediction of confirmed T2D diagnosis by clinical parameters
and T2D-associated Polygenic Risk Scores (PRS): Model D2
4.D.1I1) Prediction of confirmed T2D diagnosis by clinical parameters,
T2D-associated PRS and SNPs: Full model for T2D
4.D.1V) Prediction of confirmed T2D diagnosis by SNPs using Model
D2

4.E) Prediction of confirmed CVC diagnosis by logistic regression
4.E.1) Prediction of confirmed CVC diagnosis by clinical parameters
4.E.ll) Prediction of confirmed CVC diagnosis by clinical parameters
and T2D-associated Polygenic Risk Scores (PRS): Model E2
4.E.N) Prediction of confirmed CVC diagnosis by clinical parameters,
CVC-associated PRS and SNPs: Full model for CVC
4.E.1IV) Prediction of confirmed CVC diagnosis by SNPs using Model

E2



Publication of the outputs of this research project is aimed for two publications
in obesity, endocrinology, lipidology, cardiovascular, or other relevant journals. The

guidelines of UKB regarding publication with the use of their data will be followed.

2. BACKGROUND
2.A. Contextual Information
2.A.l. MetS Definition and Criteria

The definition of MetS was first described by Gerald Reaven in 1988, which
he first coined as Syndrome X. This was presented during his Banting lecture hosted
by the American Diabetes Association and the findings were susbsequently
published in the journal Diabetes (Reaven, 1988). Later in 2001, he published a
short hi story of Syndr ome Xwas mehtierrecgto steman e xp
from the fact that the importance of IR as a coronary heart disease (CHD) risk was
relatively unknown at the time (Reaven, 2001). Subsequent articles and numerous
reports have agreed that for the simplest measure, IR appears to be the key driver of
metabolic disturbances in MetS (Fahed et al., 2022, Lemieux and Després, 2020,
Roberts et al., 2013).

The definition of MetS varies from then based on several criteria from various
health authorities, including World Health Organization, which first formalized MetS
definition (WHO; 1998), European Group of Insulin Resistance (EGIR; 1999),
National Cholesterol Education Program Adult Treatment Panel 1l (NCEP:ATPIII,
2001), American Association of Clinical Endocrinologists (AACE; 2003), International
Diabetes Federation (IDF; 2005), and American Heart Association/National Heart,
Lung, and Blood Institute (AHA/NHLBI; 2004) . A consensus definition was later
developed, incorporating elements from the AHA/NHLBI and IDF definitions, which
was established in 2009 (Huang, 2009, Kassi et al., 2011). Although the different
criteria are all linked and in many aspects similar, evidently, there is a lack of

universal MetS definition. The criteria for the different definitions of MetS in adults,
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with comprehensive details and summary is shown in Appendix 1 (A. textual criteria,

B. tabular comparison).

2.A.l1l. T2D and CVC: The Big Picture and Pathogenesis

Diabetes mellitus (DM) affects 1 in 11 adults worldwide and is the ninth major
cause of death (zZheng et al., 2018). DM is a metabolic disease which involves
atypically increased blood glucose levels due to poor glycaemic control (Sapra and
Bhandari, 2024). WHO recognized DM as an epidemic, but has also attained the
status of a truly global pandemic (Chobot et al., 2018, Unnikrishnan et al., 2017).
There are several forms of DM such as Type 1, Type 2, maturity onset diabetes of
the young (MODY), gestational diabetes, and neonatal diabetes; the most common
of which is T2D accounting for 90% of adults with DM (Sapra and Bhandari, 2024).
The economic burden associated with medical expenditures is equally alarming,
ranging between U$140 to U$2990 per person with T2D per year (Ramzan et al.,
2019). In addition, increasing prevalence of T2D is also predicted, with 415 million
patients in 2015 to an estimated rise to 642 million in 2040 (Aghaei Meybodi et al.,
2017).

CVD, on the other hand, is the leading cause of deaths and disability-adjusted
life years (DALY) globally, accounting for one-third of all deaths worldwide (Joseph
et al., 2017). Ischemic heart disease (IHD) and stroke are the leading contributors to
the global CVD burden (Roth et al., 2017). In 2004,ther eport from t he art
of potentially modifiable risk factors associated with myocardial infarction in 52
countries (the INTERHEART study): case-c o nt r o | puldishad dnytbe Lancet
stated that dyslipidemia was the most significant risk factor for the first occurrence of
myocardial infarction (MI), more known as heart attack (Yusuf et al., 2004). However,

the contributions of the primary risk factors for heart failure vary substantially across



different regions (Damasceno et al., 2012, He et al., 2001), which may signify the
role of genetics and epigenetics in the pathogenesis of CVD.

Obesity is very strongly correlated with T2D and CVC as it is the most
important culprit of insulin resistance, along with other closely linked comorbid
conditions (lglay et al., 2016). Microvascular and macrovascular complications of
T2D (eg. diabetic retinopathy, nephropathy, neuropathy; and coronary artery
disease, peripheral arterial disease, and stroke; respectively), with their
accompanying financial burden, are also known to cause psychological and physical
distress (Chatterjee et al., 2017, Gregg, 2017, Khanam et al., 2017). As such, T2D
and CVC are undoubtedly two of the most investigated diseases in many high and

middle-income countries across the globe as per report of the International Diabetes

Federation (IDF) in the 2023 statement i Di abetes and <cardi

These studies aim to elucidate its pathogenesis, risk factors, and numerous other
features with the overall goal of T2D and CVC prevention and treatment.

The dysregulation of glucose metabolism in T2D is primarily due to IR and
impaired insulin secretion, ultimately manifesting as uncontrolled elevations in blood
glucose levels (DeFronzo et al.,, 2015, Lawlor et al.,, 2017). At the core of its
devel opment i scell pysfanctiore which leadsbto glucose intolerance
affecting various tissues (Kaneto, 2015). Several mechanisms have been proposed
regarding the g¢r-eell wetion, suehcas increasecd rion-ebterified
fatty acids, inflammatory cytokines, adipokines, mitochondrial dysfunction for insulin
resistance, glucotoxicity, lipotoxicity, and amyloid formation (Stumvoll et al., 2005). It
is now well-established that T2D results from the interaction of the environment with
t he subject 0s .Sudiesavhich suppuoratkeemultifactorial aetiology and

nature of the disease include the thrifty phenotype hypothesis, the role of air pollution
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and noise, and the effects of endocrine-disrupting chemicals also termed as
obesogens or diabetogens (Kahn, 2003).

T2D, as a polygenic disorder, develops due to multiplex interplay between
numerous genes and environmental factors. The precise mechanisms of how these
genes interact with each other and with the environment is not completely
understood. The genetic component of T2D risk appears to be the outcome of
interaction of many genes across the genome, and is therefore not concentrated in
one region (Ali, 2013). It is possible that the genetic component of T2D is because of
multiple rare genetic variants, or a few rare genetic variants of large effect (Gibson,
2012, Queitsch et al., 2012). As with other diseases, diabetes risk genes
identification is paramount to understanding the genetic components of T2D 1 this
includes linkage studies, candidate gene studies, and genome-wide association
studies (GWAS); the technology and processes involved in these are further
discussed in succeeding sections. Many of the diabetes risk genes identified from
these studies are active in beta cells (e.g. risk alleles at
MTNR1B,SLC30A8, THADA, TCF7L2, KCNQ1, CAMK1D, CDKALL1, IGF2BP2, HNF
1B and CENTD2 loci were associated with reduced beta-cell function) or involved in
insulin secretion (e.g. risk alleles at PPARG, FTO, and KLF14 loci were associated
with reduced insulin sensitivity) (Voight et al., 2010). Hence, this supports the idea
that beta-cell dysfunction and IR are crucial final steps in the development of T2D
(Florez, 2008). Other more recent studies show that polymorphisms in the PON1,
LCAT, APOE, FTO, and TCF7L2 are significantly associated with T2D by an
increase in free fatty acid (FFA) (Himanshu et al., 2020). Although, as mentioned,
due to being a multifactorial chronic disease, the gene-environment interactions in
addition to an indivi dual 0 somglexnaedtitiisdorthi® mponer

particular reason that T2D heritability and pathogenesis can not be completely
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explained even at this time. Nevertheless, studies on diabetes risk genes and their
contribution to the development of obesity and MetS are significant to the continuous
unearthing of the underlying molecular pathogenesis of these diseases.

On the other hand, at the core of CVD pathogenesis is atherosclerosis,
(Frostegard, 2013, Walden and Tomlinson, 2011), the hardening or thickening of the
arteries due to plaque build up from deposits of fatty substances in the artery lining.
This results in coronary artery disease (CAD), cerebrovascular disease, and
peripheral vascular disease which subsequently leads to heart failure or cardiac
arrhythmias (Walden and Tomlinson, 2011). Elevated low-density lipoprotein (LDL)
cholesterol and triglyceride levels are established as major predictor of CAD
(Talayero and Sacks, 2011). The contribution and role of lipids and lipoprotein
particles have been identified in the pathology of CVD, with numerous studies
supporting the need for more in-depth investigations (Soppert et al., 2020). The
major risk factors for CVD have also been identified, including T2D or even slight
glucose abnormalities (Chahwala and Arora, 2009).

As with T2D, linkage studies, candidate gene studies, and GWAS are used to
discover genes for CVD. Family and twin studies have demonstrated the heritability
of CVD, with genetic variants which predispose to CVD spanning from rare
mutations to common polymorphisms (Abbate et al., 2008). Association studies have
identified polymorphisms with APOE, APOAS5, and MC4R as determinants of plasma
cholesterol levels, plasma triglycerides, and body weight, respectively, among others
(Vrablik et al., 2021). Another CVD-asscociated gene detected by GWAS which has
been deemed as one of the most interesting genes, is FTO, having been confirmed
previously as associated with BMI and T2D. In addition, FTO has also been
associated with other diseases such as Alzheime r 6 s , di abetes compl i

even as a determinant of total mortality (Vrablik et al., 2021). Considering plasma
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triglycerides which has been discussed as an established predictor for CVD, a study
by Johansen et al. in 2010 showed that the genetic architecture for triglycerides in
the population studied comprised of large-effect variants rare in frequency, small
effect variants common in frequency, and environmental factors (Johansen et al.,
2010, Kathiresan and Srivastava, 2012). This was the conclusion they derived when
both common and rare genetic variants explained 42% of total variation in the
diagnosis of hypertriglyceridemia: clinical variables explained 20%, common genetic
variants explained 21%, and rare genetic variants explained 1% (Johansen et al.,
2010) . This result which appears as a mosaic, hence termed the mosaic model
(Kathiresan and Srivastava, 2012), clearly show here once more the complexity and
interplay of numerous influences contributing to CVD pathogenesis similar to T2D.
Various lifestyle characteristics were described to confer T2D and CVC risks,
most known of which are increased caloric intake low in fibre, and little physical
activity (Kolb and Martin, 2017). Greater risks were also reported with increased
levels of noise and air pollution due to the activation of the hypothalamic-pituitary-
adrenal (HPA) axis and the autonomic nervous and immune systems which are
linked to depression (Dendup et al., 2018). Although a recognized polygenic disease,
the incorporation of human genetics along with lifestyle and environmental factors
have been gaining popularity in the recent decade, particularly in light of
personalised medicine for T2D management (Gloyn and Drucker, 2018). The
addition of this genotype approach to the currently practiced phenotype method (i.e.
highly dependent on patientos clinical ch
comorbidities, and biological characteristics) of T2D management, is the backbone
of personalised medicine (PM) for T2D diagnosis and subsequent treatment
(Scheen, 2016). This is posited to complement current T2D therapeutic measures

(e.g. use of anti-diabetes medications and metabolic surgery) for better, more
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efficient, and cheaper T2D management in general and in the longer-term. All these
aspects may also be applicable to the diagnosis, prevention and treatment for

various CVC.

2.A.1ll. The Role of LPL and LPL

Lipoproteins are lipid particles containing different components with a central
core made of triglycerides and cholesterol esters that transport plasma lipids (Genest
et al., 1992, Lent-Schochet and Jialal, 2024). Hence, because lipids are not soluble
in water, lipoproteins are needed in the circulation. There are seven classes of
lipoproteins: (1) chylomicrons, (2) chylomicron remnants, (3) very low-density
lipoproteins (VLDL), (4) intermediate density lipoproteins (IDL), (5) low-density
lipoproteins (LDL), (6) high-density lipoproteins (HDL), and (7) lipoprotein (a) (Lp-a)
(Feingold, 2000). There are two lipoprotein pathways: (1) endogenous, and (2)
exogenous. The schematic on the roles of components including enzymes for both
pathways are shown in Appendix 2, and the processes are summarized below, as
very concisely but clearly presented by Feingold in January 2024 (Feingold, 2000):

For the exogenous lipoprotein pathway, the start is the incorporation of dietary
lipids into chylomicrons in the intestine. Then in the circulation, the triglycerides
carried in chylomicrons are metabolized in muscle and adipose tissue by lipoprotein
lipase releasing free fatty acids, which are subsequently metabolized by muscle and
adipose tissue, and chylomicron remnants are formed. Chylomicron remnants are
then taken up by the liver.

For the endogenous lipoprotein pathway, it begins in the liver with the
formation of VLDL. The triglycerides carried in VLDL are metabolized in muscle and
adipose tissue by lipoprotein lipase releasing free fatty acids and IDL are formed.

The IDL are further metabolized to LDL, which are taken up by the LDL receptor in
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numerous tissues including the liver, the predominant site of uptake. Reverse
cholesterol transport begins with the formation of nascent HDL by the liver and
intestine. These small HDL particles can then acquire cholesterol and phospholipids
that are effluxed from cells, a process mediated by ABCA1 resulting in the formation
of mature HDL. Mature HDL can acquire addition cholesterol from cells via ABCG1,
SR-B1, or passive diffusion. The HDL then transports the cholesterol to the liver
either directly by interacting with hepatic SR-B1 or indirectly by transferring the
cholesterol to VLDL or LDL, a process facilitated by CETP. Cholesterol efflux from
macrophages to HDL plays an important role in protecting from the development of
atherosclerosis.

Lipoprotein lipase is one of the four enzymes (other three are hepatic lipase,
endothelial lipase, and lecithin: cholesterol acyltransferace (LCAT)) involved in
lipoprotein metabolism (Feingold, 2000, Olivecrona, 2016). Its systematic name is
triacylglycerol acylhydrolase, and it is mainly distributed in adipose, heart, and
skeletal muscle tissue (Appendix 2) (Wang et al., 1992). The active site of the LPL is
a Ser/Asp/His triad which is in a hydrophobic groove blocked from solvent by the lid
(Mead et al., 2002). On a single lipoprotein, estimate is that up to forty LPL dimers
may act at the same time, and the release of the product in the circulation is believed
to be a rate-limiting step (Mead et al., 2002, Wang et al., 1992).

Some lipoproteins are risk factors for CVD and other metabolic disorders, and
an impairmenti n | i pid metabolism may cause d
(Lent-Schochet and Jialal, 2024). In a mice study, it has been reported that LPL
caused insulin resistance and promoted obesity (Delezie et al., 2012). In humans, a
study reported that a high adipose tissue LPL response to a high-carbohydrate diet
may predispose toward fat gain (Ferland et al., 2012). Clearance of triacylglycerol-

rich lipoproteins, a crucial step to release fatty acids for usage or storage, is believed
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to be slowed down in metabolic disease and has been observed both in mice and
humans (Olivecrona, 2016). In relation to glycaemic control and diabetes, LPL
activity in adipose tissue and skeletal muscle is insulin-dependent, therefore LPL
activity varies depending on insulin level and insulin sensitivity (Taskinen, 1987).
LPL regulation also has important role in atherosclerosis, and is known to more
directly impact CVD, because impaired LPL activity leads to accumulation of
chylomicrons and VLDL in plasma, which results in hypertriglyceridemia (Kumari et
al., 2021).

The gene that encodes LPL is the LPL gene (LPL), which is located 8p22,
spans D30 kB, and contains 10 exons as specified (Xie et al., 2010). It was in 1960
when LPL deficiency was discovered by Havel and Gordon (Havel and Gordon,
1960), and from then, several mutations have been detected in LPL (Henderson et
al., 1991). Nevertheless, anomalies or changes in LPL, including SNPs as
discussed, may directly or indirectly impact LPL and its activity with subsequent
repercussions on lipid metabolism. A schematic on the relationship among LPL and

dyslipidemia, T2D, and CHD is presented in Appendix 3.

2.A.IV. The LPL SNPs in this study

The summary of information for the seven LPL SNPs in this study (rs268,
rs11542065, rs116403115, rs118204057, rs118204061, rs144466625, and
rs547644955) identified, with information copied, from the NIH Library of Medicine
online for reference is presented in Appendix 4.

The details include variant type (i.e. single nucleotide variant (SNV), the
specie (homo sapiens), alleles (e.g. A>G specify that the reference allele is A (i.e.
adenine) and the variant allele is G (i.e. guanine), chromosome, functional

consequence (e.g. missense variant), and clinical significance (i.e. conflicting
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interpretations of pathogenicity). Further discussion on the LPL SNPs investigated

in this study are presented in the next section.

2.A.V. Advanced Molecular Techniques: SNPs and Clinical Research

Some background has already been discussed regarding SNPs. This section
will expound further and provide additional details, discuss SNP types, SNP
frequency, current SNP detection methods, applications and importance including
that for clinical research, and databases.

Going back to what SNPs are, a note worth mentioning and discussing here is
the difference between SNPs and mutations. Variants in the sequence of human
DNA and proteins are identified as either a mutation or polymorphism. If the
frequency of the variation in the DNA sequence in a population is 1% or higher, it is
called a polymorphism (i.e. SNP, if variation is in a single nucleotide, the most
common polymorphism); otherwise, it is termed a mutation (Karki et al., 2015). The
latter may be more known globally to the public given adverts on mutants particularly
in scientific fiction stories in printed materials (e.g. comic books), the television and
movies. However, in healthcare research, both mutations and SNPs are widely
investigated. Polymorphisms being more common in the population suggest that it is
naturally occurring, and their effects are investigated in predisposition studies to
certain diseases such as what has been explored in this research.

Going back further to the basics of molecular biology, almost every cell in the
human body is nucleated, thereby containing deoxyribonucleic acid or DNA, the
genetic information-carrier molecule. The DNA is composed of two chains that coll
as a double helix, which are hydrogen-bonded via base-pairing rules (i.e. adenine
(A) with thymine (T), and cytosine (C) with guanine (G)). Alleles, or also called

allelomorphs, are variants of a nucleotide sequence at a locus in a DNA molecule.
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SNVs, or also called SNPs when found in at least 1% of the population as described,
differ at a single position 1 for instance, the seven SNPs investigated in this study.
These variations have functional consequences, pertaining to the effect of the
variation. The functional consequence of a missense variant alteration pertains to
production of an amino acid that is different from the usual amino acid produced in
the same position. The intron variant is a non-coding section. SNPs in the LPL gene
may impact LPL enzyme activity with varying degree of effect from
none/negligible/minimal to drastic changes in the reduction or increase of enzyme
activity, subsequently affecti (Pgrera et dli 205) dleel sd ph
functional and biochemical consequences of the LPL SNPs investigated in this study
are presented in the following paragraphs (succeeding seven paragraphs discussing
each SNP). The SNPs in investigation and their functional consequences as well as
their clinical significance are shown as a summary for each SNP in Appendix 4;
further information on the biochemical consequences of the SNPs can also be found
in the Universal Protein Resource (UniProt), an online resource, with the accession
number P06858 for LPL.

The rs268 allele is A>G (meaning adenine is replaced with guanine), with the
functional consequence of a missense variant. The LPL SNP rs268 (UniProt
VAR_004239), also known as p.Asn291Ser or Asn291Ser, as well as LPL N291S or
N318S, is a loss-of-function variant that reduces LPL enzyme activity. This leads to a
significant increase in plasma triglyceride levels due to the slower clearance of
triglyceride-rich lipoproteins, and also disrupts the normal metabolism of HDL,
causing a decrease in plasma HDL cholesterol levels. These changes relate to
evidence, which demonstrates that the rs268 SNP is a key genetic determinant of an
unfavorable lipid profile (Reymer et al., 1995a). The rs268 has been identified in

UniProt to be involved in hyperlipoproteinemia (HLPP1) and as a risk factor for
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familial combined hyperlipidemia-3 (FCHL3) (de Bruin et al.,, 1996, Morabia et al.,
2003).

The rs11542065 alleles are C>G,T (comma (,) specifying either of the two
bases), with the functional consequence of a missense variant. However,
rs11542065 is a relatively unstudied variant compared to other LPL polymorphisms
like rs268, which may be attributed to the wide discrepancy in frequency of these
SNPs in various populations (i.e. rs268 being the most common among the
investigated SNPs). Although research on LPL SNPs as rs11542065 is ongoing,
they are often integrated into broader polygenic risk score models to assess overall
risk for metabolic and cardiovascular conditions (Dron et al., 2019).

The rs116403115 alleles are T>C,G (comma (,) specifying either of the two
bases), with the functional consequence of a missense variant. The rs118204061
allele is T>C, with the functional consequence of a missense variant. The
rs144466625 allele is G>A, with the functional consequence of a missense variant.
As with rs11542065, the rs116403115, rs118204061, and rs144466625 have limited
reports and therefore would benefit from further investigations such as this research
for additional information on their effects and clinical significance across varied
populations.

The rs118204057 (UniProt VAR_004225) alleles are G>A,C (comma (,)
specifying either of the two bases), with the functional consequence of a missense
variant. This variant is described to result in loss of enzyme activity and its
involvement in disease has been described to be in HLPP1; there are 14
publications referenced in UniProt to date, including publications from the UK and
Europe (Kavazarakis et al., 2004, Mailly et al.,, 1997), and mixed ancestry

populations (Monsalve et al., 1990).
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The variant type for rs547644955 is DELINS (or Deletion and Insertion) with
alleles T>-, TT-06 (6peci fyi Al fudctidna tansequénce of the SNP
rs547644955 is specified as an intron variant. There are very limited reports and no
publications (National Library of Medicine) on this SNP, and an additional factor
contributing to the need for subsequent significant study is it being an intron variant.
Introns, being non-coding sections of the DNA or RNA, present unique challenges in
determining pathogenicity primarily due to their location and regulatory complexity (Li
et al., 2017). Unpredictable effects on splicing (eg. pre-mRNA splicing by modifying
splice donor/acceptor sites that are also difficult to predict computationally) (Anna
and Monika, 2018) and lack of functional assays (eg. lacking or non-standardized)
may also be considered as contributory factors (Cooper, 2010). In addition, many
intronic variants are under-represented in clinical databases or available population
frequency may be insufficient, therefore many such variants remain classified with
uncertain significance (Landrum et al., 2018). As discussed, the collective clinical
significance is conflicting interpretations of pathogenicity for all these SNPs. In the
online resource (this appears similar to how it appears in Appendix 4), clicking on the
specific SNP would lead to further information. The clinical significance is presented
in the AClIlinical Significanceo tab, whi ch
Names, and Clinical Significance. When the Clinical Significance varies or is
conflicting in nature (e.g. for rs268: pathogenic, risk factor, uncertain significance,
conflicting interpretations of pathogenicity, and benign are listed), its clinical
significance is I|isted as ficonflicting inter
isalsorelatedtothe r esults of the publications (Il ist:
specific SNPs.

For rs268, for example, the first publication listed in the National Library of

Medicine was in 1995, which concluded that a defective LPL is at least one of the
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contributing factors to the familial combined hyperlipidemia phenotype (Reymer et
al., 1995b). There are around 30 publications on this SNP to date on this list up to
2022. One of the largest earlier studies in 2008, the HUGE association and meta-
analysis, which had a total of over 70,000 CHD cases and controls, reported that
there was only a modestly adverse lipid profiles for carriers of rs268; but was also in
agreement on the need for further investigation of this genotype on CHD risk (Sagoo
et al., 2008). In 2010, a study by Ariza et al in Spain, investigated the additive effect
of LPL variant with other genetic variants which have effects in triglyceride (TG)
metabolism such as APOA5 and APOE, and found that rs268 has a significant
independent additive effect on TG levels (Ariza et al., 2010).

In Section 2.A.lll, the endogenous (synthesis within the body, i.e, the liver)
and exogenous (from food or dietary sources) lipoprotein pathways have been
discussed. Figure A shows a flow chart when there is an irregularity with LPL
function; this may be attributed to an aberration of LPL gene (eg. SNP or mutation),
causing dysregulation of lipid metabolism and homeostasis which may lead to
dyslipidemia, affecting cascades of imbalance in bodily mechanisms as fatty acids
play a major role in heart, muscle, and adipose tissue metabolism.

The association of LPL and dyslipidemia have long been established and has
been found to be regardless of ethnicity (Havel and Gordon, 1960, Henderson et al.,
1991, Liu et al., 2004). As an enzyme, when LPL hydrolyses triglycerides, non-
festered fatty acids (NEFA) and 2-monoacylglycerols are provided for many tissues-
in the adipose tissue, NEFA is stored as triacylglycerol (TAG) via re-esterification;
while in the muscles, NEFA is the major energy source, suggesting that LPL gene is
the candidate gene for dyslipidemia (Mead and Ramji, 2002, Merkel et al., 2002,
Seip and Semenkovich, 1998). Further, some studies show that LPL deficiency leads

to hypertriglyceridemia (Feoli-Fonseca et al., 1998, Liu et al., 2004), and several
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other studies in different populations support that LPL variants associate with varying
lipid levels such as the study in French subjects - Jemaa et al. (Jemaa et al., 1995),
in Dutch population - Groenemeijer et al. (Groenemeijer et al., 1997), and in
Japanese individuals - King et al. (King et al., 1998) and Yamada et al. (Yamada et
al., 2007), and amongst Chinese - Yang et al. (Yang et al., 2005). In addition target
therapy studies in mice by Ross et al. (Ross et al., 2004) and anti-LPL autoantibody
investigations by Kodera et al. (Kodera et al., 2005) support the role of LPL gene
aberrations in the pathogenesis of dyslipidemia.

Dyslipidemia may then lead to insulin resistance and/or pancreatic Beta cell
apoptosis, which may result to T2D. Hypertriglyceridemia, being characteristic of
dyslipidemia, prioritizes TAG utilization inhibiting the intake and oxidation of glucose
(Ferreira et al., 2001). Moreover, fatty acid metabolites in the cell interfere with the
cascade of insulin signalling (Pulawa and Eckel, 2002), and Beta-cell function may
be impaired which can lead to apoptosis when more free fatty acids are delivered to
pancreatic Beta cells (Cruz et al., 2001). All these are suggested contributing factors
to the direct association of LPL aberration to the development of T2D, which may be
considered for all the SNPs included in the study, given that all have shown
association to the development of T2D. Other studies also report that some LPL
SNPs have further effects in diabetes complications, such as the study of Wu et al.,
which suggested that investigated LPL SNPs conferred susceptibility to diabetic
kidney disease and rapid loss of renal function (Wu et al., 2023). It is important to
note here and again, however, that the outcome is dependent on the LPL
impairment, considering type or degree. For instance, a meta-analysis study by Liu
et al. in 2020 has showed that certain alleles in the LPL gene were associated with
lower risk of T2D, although this was still attributed to change in lipid levels (Liu et al.,

2021).
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Essential hypertension (EH), as with the other related chronic diseases
mentioned in this study, has genetic, environmental, and epigenetic causes. And as
with T2D, abnormalities in lipid metabolism and insulin resistance are suggested as
major causes in EH development, particularly hemodynamics due to increased TG
levels, sodium reabsorption, retention, and vascular hypertrophy (Jemaa et al.,
1995); as well as the role of LPL in arterial stiffness regulation (Yang et al., 2004).
This is supported by research including linkage analysis and disequilibrium studies in
Chinese populations showing LPL gene markers being associated with systolic blood
pressure (SBP) and diastolic blood pressure (DBP) (Tu et al., 2005, Yang et al.,
2004, Yang et al., 2003). Although earlier studies did not see similar results in
Caucasians (Hunt et al.,, 1999), a more recent meta-analysis generalized
association between the LPL gene S447X and hypertension; however, the
association was found to be stronger in Asians (Wang et al., 2017), supporting that
LPL may need race-specific investigations in terms of the development of
hypertension.

There are several risk factors already discussed in this chapter that have
established association with the pathogenesis of coronary heart disease (CHD) and
other cardiovascular diseases, such as insulin resistance, hypertension, and even
T2D. Atherosclerosis, as also previously discussed, as well as thromboembolism, is
a known effect of dyslipidaemia. Thromboembolism arises when a localized blood
clot (thrombus) breaks off from a site, travels through the bloodstream and obstructs
blood vessels eventually causing ischemia (lack of oxygen) and organ damage
(Gollamudi et al., 2022). Atherosclerosis and thromboembolism can both cause CHD
/ CVD. But in the grounds of LPL aberration alone, several studies have reported
direct linkage between LPL SNPs and aetiology of CVD (Bos et al., 2004, Lamarche

et al,, 1997, Rip et al., 2006, Zee et al., 2006). As to the underlying complex
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mechanism, some causes and cascades include lipid-saturated macrophages
penetrating the endothelium cells in the vascular wall middle layer given an
overexpression of LPL (Babaev et al., 2000), and proliferation of smooth muscle
cells due to LPL-triggered pro-pathogenic events (Mamputu et al., 2000). In a mice
study by Wilson, et al. (Wilson et al., 2001), LPL deficiency in the macrophage
showed a decrease in diet-induced atherosclerosis, while this was accelerated in
apoE-deficient mice via expression of human LPL in the macrophage specifically,
suggesting tissue-specific effects of LPL variations.

Some definitions of SNPs require that the subsitution of a single nucleotide at
a specific position in the genome should be present in a large population (e.g. at
least 1%) (Sherry et al., 1999); howevever, many publications do not apply this cut-
off (Auton et al., 2015, Lander et al., 2001, Sherry et al., 1999). SNPs may be within
coding, non-coding, or intergenic (i.e. between genes) regions. SNPs in coding
regions may be synonymous substitutions (i.e. do not result in amino acid change),
or non-synonymous substitutions; the latter may be missense (single change in the
base results to amino acid change, resulting in disease), or nonsense (results in
premature stop codon) (Auton et al., 2015, Cordovado et al., 2012). In the global

population, according to MedlinePlus, over 600 million SNPs have been identified.
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Figure A. The effects of aberration of LPL gene resulting in T2D and CVC (Feingold,
2000, Xie et al, 2010): Djagram showing the effects of aberration of LPL gene in the
lipoprotein pathways (endogenous and exogenous) resulting in dyslipidemia and
subsequently T2D and CHD, the most common CVD which may be taken as a
surrogate marker for all CVD/CVC. LDL-(R) = low-density lipoprotein (receptor),
Chol = cholesterol, VLDL = very low-density lipoprotein, IDL = intermediate density
lipoproteins, TG = triglycerides, CE = cholesterol esters, FA = fatty acids, T2D = type
2 diabetes, CHD = coronary heart disease, CVD = cardiovascular disease, CVC =
cardiovascular conditions.

There are several SNP analysis or detection techniques available, including
DNA sequencing, mass spectrometry, capillary electrophoresis, denaturing HPLC
and gel electrophoresis, hybridization analysis, and polymerase chain reaction
(known as PCR) followed by gel electrophoresis (Ye et al., 2001). DNA amplication

via PCR, in fact, is often used for many of these techniques (Tu et al.,, 2018);

however, this is often costly and time-consuming. Because of this, alternative
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technigues are being explored such as the method developed by Xia, et al in 2021
which involved the use of biosensor and fluorescence (Xia et al., 2021).

In terms of applications, the utility of SNPs for GWAS and candidate gene
association studies have been briefly discussed among others. GWAS require
genome-wide genetic data maybe generated by several technology, such as whole
genome sequencing (WGS) which provides the most comprehensive genetic data in
an organism at a single time, and whole exome sequencing (WES) which sequences
the protein-coding regions of genes in a genome (Schwarze et al., 2018). A new
technology also increasing in popularity is next-generation sequencing (NGS) which
allows for massive parallel sequencing of DNA or RNA sequences or whole genome
in a short period of time; NGS involves several steps as DNA/RNA fragmentation,
library preparation, sequencing, bioinformatics analysis and data interpretation (Qin,
2019). Another important application of SNPs is in pharmacogenetics, which is
discussed in detail in the next sections, particularly for T2D and CVC medications.

Bioinformatics databases, which are mostly online and easily accessible,
provide valuable resources for studying SNPs. Notable example include dbSNP
(used for this study in identifying the SNPs with conflicting interpretations of
pathogenicity for LPL), as well as the OMIM database, Kaviar, dbSAP, SNPedia,

International HapMap Project, and GWAS Central.

2.A.VI. T2D and CVC: Current Treatment Strategies

The first line of prevention for T2D and CVC are lifestyle modifications.
Because it is generally believed that energy-dense diet combined with sedentary
lifestyle are the primary cause of T2D, it follows that modifying these factors may
reverse T2D (Kolb and Martin, 2017). One of the current hard evidence supporting

the intensive weight management approach through caloric restriction for diabetes
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remission is the Diabetes Remission Clinical Trial (DIRECT). The intervention
comprised withdrawal of antidiabetic and antihypertensive drugs, total diet
replacement (8251 853 kcal/day formula diet for 31 5 months), followed by stepped
food reintroduction (2i 8 weeks), and structured support for long-term weight loss
maintenance. Results showed that almost half of the participants achieved remission
to a non-diabetic state and off antidiabetic drugs at 12 months (Lean et al., 2018).
Structured exercise intervention programs have also been shown to be effective for
IR. Controlled trials using continuous glucose measurements suggest that exercise
has beneficial effects on insulin sensitivity and glycaemic control (Kolb and Martin,
2017, Sampath Kumar et al., 2019).

Conventionally, when lifestyle modification measures are deemed
unsuccessful, pharmacotherapy is used. Pharmacotherapy, also known as
pharmacological therapy or drug treatment, is universally known as the use of one or
more pharmaceutical drugs to improve symptoms, treat conditions or prevent
diseases. MetS treatment and therapies, on the other hand, are primarily targeted on
only one metabolic trait (for example hyperglycaemia, hyperlipedimia, or
hypertension). As such, MetS medication categories include antidiabetics
(metformin, thiazolidinediones, SGLT2 inhibitors, glucagon-like peptide-1 agonist),
lipid-lowering agents (statins and non-statins), ACE inhibitors, ARBs, and antiplatelet
agents (Nguyen et al., 2017). These therapeutic options have their distinct benefits
and disadvantages, mechanisms of action, and predicted outcomes. Suitability of the
patients are evaluated by physicians, particularly endocrinologists, diabetologists, or
cardiologi st s depending on t he patientos
contraindications, and several other related factors (Aghaei Meybodi et al., 2017, Elk
and Iwuchukwu, 2017, Gloyn and Drucker, 2018, Srinivasan et al., 2018). There are

also combinations of these drugs, primarily antihypertensives and lipid modifying

26



drugs, known as the polypill which is gaining increasing recognition and use
(Rosolova, 2017). The combination of drugs in the form of the polypill may be a
suitable solution for preventing both T2D and CVD particularly for patients with MetS
(Rosolova, 2017).

When lifestyle modification and/or pharmacotherapy fail, bariatric surgery (BS)
is often the next treatment option offered to patients. BS is recognized to be the most
effective treatment for obesity, with effects that go beyond weight loss as a high
percentage of cases achieve remission of comorbidities, hence also known as
metabolic surgery (Benaiges et al.,, 2015, Buchwald and Buchwald, 2019).
Contemporary bariatric operations which are now deemed safe include Roux-en-Y
gastric bypass, sleeve gastrectomy, adjustable gastric band and the duodenal
switch; the vast majority of which are currently performed using laparoscopic
technique offering rapid recovery (Nguyen and Varela, 2017). In addition, large, long-
term observational studies demonstrate that bariatric/metabolic surgery is associated
with reductions in all cardiovascular risk factors, actual cardiovascular events, cancer
and death (Cummings and Rubino, 2018). More investigations are necessary to
explore the mechanisms of glycaemic control post-bariatric surgery and the optimal
surgical procedure for the treatment of obese patients with T2D and CVC (Maleckas
et al., 2015).

Other unconventional, alternative approaches have also been applied for T2D
and CVC management. Intake of polyunsaturated fatty acids has been shown to
improve glycaemic control, particularly in Asian subjects (Coelho et al., 2017).
Dietary supplements, including chromium, as well as nutritional anti-inflammatories
have also been implicated as potential candidates for T2D management, particularly
as adjunct remedies (Huang et al., 2018, Merone and McDermott, 2017). The effect

of psychological practices such as meditation and yoga have also been evaluated,
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with positive outcomes ranging from lowering of inflammatory gene expression to
potential reduction in T2D complications, thereby improving quality of life and overall

well-being (Lee et al., 2019, Thind et al., 2018, Varghese et al., 2018).

2.A.VIl Personalised Medicine in T2D and CVC: The Role of Genetics and
Genomics in Clinical Enhancing Management
Personalised Medicine (PM) is the individualization of therapies based on

patient-specific attributes for better management or treatment of the disease, in

contrast to the currently pr a-basadspprdachito n e

clinical management (Aghaei Meybodi et al., 2017, Estampador and Franks, 2018).

Hence, PM in T2D and CVC, or any other disease for that matter, would entalil

i ncorporating t he patientansn gedewlnidal ad ®shi

characteristics for tailored medical management. Stratified medicine (SM), on the
other hand, appears intermediary between current clinical approach and
personalised medicine; SM entails grouping of individuals based on disease risk or
therapy response (Bell, 2014). Another term, which is often interchangeably used
more for PM rather than SM is precision medicine. However, there are arguments
surrounding the use of this term including the editorial published by Siest (2014)
stating that medicine is not at all or could not be precise (Siest, 2014).

The application of PM in diabetes began over just a decade ago with the
advent of molecular biology techniques, which have increasingly been made more
available and affordable by various manufacturers (Aghaei Meybodi et al., 2017,
Florez, 2017). The primary and effective first uses were on monogenic forms of
diabetes (i.e. maturity-onset diabetes of the young (MODY) and neonatal diabetes)
due to single gene target i in MODY, target genes included HNF4A, GCK, HNF1A,

PDX1, HNF1B, and NeuroD1, while in neonatal diabetes target genes included
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KCNJ1, ABCCS8, IDDM2, PTF1A, and FOXP3 (Malandrino and Smith, 2011). For
T2D management, however, PM poses several challenges mainly due to the
polygenic nature of T2D. No single gene region has been found for T2D underlining
the complexity of laboratory and clinical investigations including pathway
mechanisms and interplay with other biochemical processes, environmental
contributions, and epigenetic changes (Aghaei Meybodi et al., 2017) . This
complexity also applies to CVD as no single gene can explain its cause (Ho et al.,
2020). Genetic testing in the context of PM for designing T2D treatment regimen is
mainly categorized in three purposes or factors, namely: (1) to identify risk for
disease development; (2) to identify genetic variation(s) of T2D; and (3) to predict
drug response (Elk and lwuchukwu, 2017), which may also be applicable to CVC.
Pharmacogenetics is the discipline that examines genetic variations and
investigates how they affect therapeutic outcomes and incidence of adverse effects
(Mannino et al., 2019). Pharmacogenomics, on the other hand, is the study of the
simultaneous impact of multiple mutations in the genome which may be
determinants of drug response and effects (Dere and Suto, 2009). Both
pharmacogenetics and pharmacogenomics, therefore, are at the core of PM for T2D
and CVC. Linkage studies, T2D candidate gene investigations, and genome-wide
association studies (GWAS) have identified several T2D susceptible genes, and
many investigations have established the effects of these gene variations on drug
efficacy and toxicity (Aghaei Meybodi et al., 2017, Elk and lwuchukwu, 2017). This is
further explained with examples cited in Section 5.C.1. This is also true for CVD;
further explanations and examples can be found in Section 5.C.lIl. Undoubtedly,
pharmacogenetics and pharmacogenomics are highly relevant in developing
pharmacoeconomically viable and relevant treatment strategies for complex

multifactorial diseases such as T2D and CVC (Elk and Iwuchukwu, 2017).
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Nevertheless, the use of genetics and genomics in the study of multifactorial
diseases is underscored, from investigations on disease treatment with
pharmacogenetics and pharmacogenomics at the core as discussed in this section,
as well as studies on disease pathogenesis, prevention, and epigenetics.

Epigenetics is the study of processes involved in the alteration of gene activity
without changing the DNA sequence; these modifications can be passed on to
daughter cells which may or may not be reversible (Weinhold, 2006). Two of the
most studied epigenetic processes are DNA methylation and chromatin modification,
and current evidence suggests that SNPs are associated with these two processes
(Leung et al.,, 2012, Weinhold, 2006). For instance, Bell et al characterized a
differentially methylated region having T2D-associated SNPs near FTO (Bell et al.,
2010). Overall, several publications report that genetic variants can modify
epigenetic features, and it appears true vice versa i epigenetic variations may also
mediate genetic variations (Leung et al., 2012). Genetics and genomics studies are
therefore clearly significant contributors for the study of multifactorial diseases such

as T2D and CVC.

2.A.VIIl. The Data Accessed: UK Biobank (UKB)

In the advent of big data and data sharing, biobanks have gained increasing
popularity over the last two decades, particularly for healthcare and clinical research
applications (Bernasconi et al., 2020, Henderson et al., 2019, Virani and Longstaff,
2015). The main aim of biobanks is the provision of bio-samples and related data for
future use in biomedical research (Langhof et al., 2018). Biobanks are often large
scale resources linked to medical or public health data and are distinguished from
biorepositories in that the latter are merely stored biological samples from clinical

investigations (Thompson and McNamee, 2017). The global-wide interest birthed
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from this revolutionary idea with an apparent advantage of huge data set formation,
which may address various scientific hypotheses along with growing breakthroughs
in genetics, led to considerable ventures among many governments and private
industries (Caulfield and Murdoch, 2017, Thompson and McNamee, 2017). Given
that biobanks are huge entities with organizational structures, systems, and business
plans in place, several stakeholders are involved including prominent research
bodies such as ethical and biomedical experts, with several structural and
operational differences compared to traditional research (Henderson et al., 2019,
Verlinden et al., 2016).

Informed consent (IC), a universally recognized requirement in most, if not all,
forms of research, is perhaps the most controversial in biobanks mainly due to
samples and data re-use, raising questions on the need for re-consent thereby re-
contact of participants (Goisauf et al., 2019). The gravity of its impact in biobanks
with regard to probable lawsuit has been exemplified in an occurrence in Texas,
USA when over 5 million blood samples from newborn babies have been destroyed
when five parents sued the company for failure to obtain consent (Caulfield and
Murdoch, 2017). Other issues surface around age-related concerns, such as
involvement of pediatric or adolescent populations (McGregor and Ott, 2019).
Evidence also suggests that the trust of the participants to the inviting organization is
fundamental for increased participation (Broekstra et al., 2019). Critical assessment
of biobanks and the UKB framework is presented in Section 111.7.

The contents of this next paragraph are derived from the UK Biobank Ethics
and Governance Framework Version 3.0 (October 2007). The UK Biobank is a
global healthcare research resource resulting from longitudinal personal, medical,
and biological data collected from approximately 500,000 UK residents, aged 40-69

years old. Its governing and funding bodies include UK Biobank Limited, Board of
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Directors, the University of Manchester as the Coordinating Centre, six Regional
Collaborating Centres composing the Steering Committee involved in scientific
design of the resource, and an independent Ethics and Governance Council.

The framework is subdivided into four primary parts: (1) Relationship with
participants  (describes recruitment, understandings and consents, and
confidentiality; (2) relationship with research users (stewardship of data and
samples, and research access to data and samples); (3) relationship with society
(management and accountability, external governance, benefit sharing, transfer of
assets or closure), and (4) adoption, implementation and revision.

2.B. Systematic Review of MetS Association Studies
2.B.I. MetS Genome-wide Association Studies

Several MetS GWASSs, which are easily accessible online via GWAS Central, as
well as many other MetS association studies particularly candidate gene association
studies, have been published. The identification and critical analysis of reports on all
SNPs from all MetS association studies worldwide may be important for further
research, such as selecting participants at higher risk for development of MetS
complications. In addition, systematic suggestions may be offered, which may further
shed light to the study of MetS in general, and MetS genetics in particular.

In GWAS Central, reports within the decade preceding the Covid pandemic (i.e.
2010-2020; 2020 included given approximately 14 months from research project
development to publication (Tumin et al., 2022)), twelve studies (Kong and Cho,
2019, Kraja et al., 2011, Kristiansson et al., 2012, Lee et al., 2018, Lin et al., 2017,
Lind, 2019, Moon et al., 2018, Oh et al.,, 2020, Shim et al., 2014, Willems et al.,
2020, Zabaneh and Balding, 2010, Zhu et al., 2017) were found on record for MetS
GWAS with MetS as at least a binary trait (i.e. at least two abnormal measurements

or levels of glucose, BMI or waist circumference, triglycerides, and blood pressure)
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(Kong and Cho, 2019, Kraja et al., 2011, Kristiansson et al., 2012, Lee et al., 2018,
Lin et al., 2017, Lind, 2019, Moon et al., 2018, Oh et al., 2020, Shim et al., 2014,
Willems et al.,, 2020, Zabaneh and Balding, 2010, Zhu et al., 2017). These are
presented in Appendix 5.

Korea had the most number of articles included with five publications, followed
by the United States (US) with two reports, and one publication each from the United
Kingdom (UK), Finland, Taiwan, China, and Sweden. The publications from Korea
were produced from different institutions, groups, or authors, which may indicate that
Korea is making significant progress in genetics studies on MetS. Between zero and
eighty novel SNPs were reported to be associated with MetS as at least a binary
trait. The publication from the UK that utilised the UK Biobank data reported 80 novel
SNPs, which was the highest number reported (Lind, 2019). No novel SNP for
compound MetS phenotype was reported in the publication from the UK in 2010
(Zabaneh and Balding, 2010). Notably, all twelve reports were open access. The

majority (five reports; 42%) of the articles were published in genetics journals.

2.B.1l. MetS Candidate Gene Association Studies

For candidate gene association studies, a systematic search in PubMed was
performed in February 2023-April 2023. Key concepts were: (1) Metabolic syndrome
(MetS) and (2) Single nucleotide polymorphism (SNP).

Controlled vocabulary terms or subject terms were: Metabolic Syndrome,
Cardiometabolic Syndrome, Dysmetabolic Syndrome X, Insulin Resistance
Syndrome X, Metabolic Cardiovascular Syndrome, Metabolic Syndrome X, Metabolic
X Syndrome, and Reaven Syndrome X.

The protocol used for literature search on Metabolic Syndrome (MetS) and

associated Single Nucleotide Polymorphisms (SNPs) was as follows:
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(AMet abolic Syndromeo[TithbetAbsti)actR GRMefl
Syndr omeodo[ Me SH] OR nCardiometabolic Syndr or
Syndr ome Xo[ Me SH] OR Al nsulin Resistance Sy
Cardiovascul ar Syndr omeo[ Me SH] OR nMet abol

AMet abol i ane® $WMrEH) OR fAReaven Syndrome Xo]

nucl eoti de polymorphismo[Title/ Abstract]
ASNPso[ Titl e/ Abstract]] OR nsingl e nucl e
ASNPsoO[ Mesh]).

The result yielded a total of 886 publications. Excluding irrelevant articles (e.qg.
not related to MetS, for other diseases), duplications, and irretrievable articles, the
total number of publications assessed was 135 studies.

Of these, numerous SNPs from various genes were identified as being
associated with MetS. The oldest included study was from 2005, with rs718049
PTPN1 SNP found to be associated with MetS (Spencer-Jones et al., 2005). Several
of the most recent studies, published in 2022, reported associations with MetS
including rs7895833 (Sirtl) (Tao et al., 2022), rs266729 and rs3774261 (ADIPOQ)
(Truong et al., 2022), and rs1169288, rs2464196, and rs735396 (HNF1A) (Dallali et
al., 2022). FTO was one of the most studied and reported genes, with various SNPs
identified as being associated with MetS (Kawajiri et al., 2012, Molina-Luque et al.,
2021, Nagrani et al., 2020, Velazquez-Roman et al., 2021).

In the article of Chuluun-Erdene in 2020 (Chuluun-Erdene et al., 2020), aside
from ADIPOQ, PGC1, and FTO, rs285, a SNP of LPL was included to be reported as
associated with MetS amongst Mongolian subjects. However, LPL is not widely
reported compared to other genes in terms of association with MetS, T2D, or CVC,
although evidence (Goodarzi et al., 2004, Huang et al., 2011) and more recent

studies from various populations (Alinaghian et al., 2019, Bozina et al., 2013,
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Castellano-Castillo et al., 2018, Czyzewska et al., 2010, Hsu et al., 2021, Mus et al.,
2019, Vishram et al., 2016) suggest that it may be of particular significance to the
pathogenesis of these related disorders. The selection of this particular gene, which
may subsequently be of importance for preventive and therapeutic studies to curb
these highly prevalent chronic diseases, is therefore strongly supported by current
publications. Focusing on this LPL gene, particularly those with conflicting
interpretations of pathogenicity as mentioned, will facilitate a better understanding of
its contribution, while also providing a manageable yet significant data size for
analyses. Moreover, finding associations and comparisons on T2D and CVC
diagnoses in individuals with these LPL SNPs, as well as predicting confirmed
diagnoses of both conditions in this cohort, will add valuable information to the
currently limited knowledge on these SNPs. The advent increasing use, and
popularity of genetic and genomic studies, added with modern technology, will
undoubtedly be useful tools in the deepening the understanding of MetS, T2D, and

CVC, including the role of LPL.

3. MATERIAL AND METHODS

The UKB data was used for this study (UKB reference for Research Ethics
Committee (REC) approval 16/NW/0274). The UKB Research Analysis Platform
(RAP), an online platform managed by DNANexus, was accessed from October
2023-December 2023. The data of interest from the cohort was filtered and
downloaded. The inclusion criteria were participants in the UKB (age: 40-69 years
old) with the seven SNPs of the LPL gene reported to have conflicting interpretations
of pathogenicity: rs268, rs11542065, rs116403115, rs118204057, rs118204061,
rs144466625, and rs547644955; exclusion criteria included presence of cancer and

other serious illness from recruitment baseline. Variables associated with MetS, T2D,
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and CVC were selected from the data set that included: sex, age, weight, BMI, waist
circumference (WC), hip circumference (HC), smoking and alcohol drinking status,
physical activity, and diet variation (Meigs et al., 2006) were accessed for each
participant. Blood pressure (systolic and diastolic), cholesterol levels, HbAlc and
glucose levels, as well as diagnosis of T2D and CVC were also included. In addition,
the standard polygenic risk scores (PRS) for the relevant parameters in this study
(PRSs for T2D, cardiovascular disease (CVD), body mass index (BMI), glycated
haemoglobin, coronary artery disease (CAD), atrial fibrillation (AF), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), and hypertension) were added.

CVC is defined for this study as any or combination of heart attack, angina,
stroke, and high blood pressure; in the UKB data, this was collectively presented as
presence of heart or vascular problems (HVP) as diagnosed by a doctor. CVC is
used as a surrogate marked of cardiovascular disease (CVD) in this study. T2D was
identified in participants with ICD-10 (International Classification of Diseases 10%
Revision) diagnosis code E11 (code for Type 2 diabetes mellitus). Normal
distribution was found on test of data normality for all continuous variables (Appendix
2). Average and standard deviation were calculated for each group for the selected
parameters.

Data were analysed using SPSS ver. 29. Primary outcomes were incidence of
T2D and CVC, and prediction of T2D or CVC diagnosis among individuals with the
LPL SNPs of interest. Direct logistic regression was performed to assess the impact
of a set of predictor variables on the odds that the participants have been diagnosed
with T2D or CVC at the time of recruitment. A total of four models have been
assessed for both T2D and CVC diagnoses as outlined in the subheadings of the

following sections.
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3.A. Descriptive characteristics

Test of data normality for the variables was conducted and were all found to
have normal distribution (Appendix 6). Average and standard deviation were
calculated for each group for the selected parameters. The total number of
individuals in the UK Biobank for the seven specified SNPs was 17,386 when filtered
individually, and 17,364 when filtered together, wherein the difference is attributed to

participants having at least two SNPs. No participant was excluded in the study due

to participation withdrawal as ParteipanttitB 6 s

cancer (N=1,355) and with other serious non-cancer medical condition or disability at
baseline (N=3,137) were excluded in the study. The total number of participants

included in the study was 12,872.

3.B. Comparison of groups in relation to T2D and CVC diagnosis

Data analyses of group comparisons on T2D and CVC incidence based on
type of SNPs (i.e. seven SNP groups (i.e. one group corresponds to all participants
with the same SNP) plus another, 8", group (i.e. participants with 2 heterozygous
SNPs)) and zygosity (i.e. heterozygous versus homozygous versus combination of 2
hetrozygous SNPs) were performed using chi-square independent test for bivariate
association analyses.

One-way Analysis of Variance (ANOVA) was used to compare differences
amongst groups with the different metric-value parameters such as BMI, waist
circumference, lipids, HbAlc, and blood glucose levels as well as PRS scores. Post-

hoc analyses were performed.

3.C. Comparison of groups in relation to variables

Correlation and partial correlation analyses were performed on BMI and waist

circumference versus T2D and CVC diagnosis, and was further differentiated to
37
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compare results between males and females. Partial correlation was performed
between LDL levels and waist circumference while controlling for age. Simple
boxplots were generated using IBM SPSS Statistics version 29. All data points,
including outliers, were retained in Figure 2 to provide a complete representation of
data variability and to allow visual identification of participants with extreme
anthropometric values, which may have clinical and epidemiological significance;
outliers were excluded in Figure 3 to improve visual clarity and facilitate comparison
of median and interquartile ranges between groups. This approach enhances the
interpretability of the plots by allowing the central distribution of the data to be more
easily visualized, which aligns with recommendations for descriptive graphics on

such comparisons (Frigge et al., 1989, McGill et al., 1978).

3.D. Prediction of Confirmed T2D diagnosis
3.D.I. Prediction of confirmed T2D diagnosis by clinical parameters

The model contained 15 independent variables normally accessible in clinical
settings (age, sex, weight, height, BMI, waist circumference (WC), hip circumference
HC), systolic BP, diastolic BP, number of days per week of moderate physical
activity, diet variation, smoking status, alcohol drinking status, random blood

glucose, HbAlc).

3.D.Il. Prediction of confirmed T2D diagnosis by clinical parameters and T2D-
associated Polygenic Risk Scores (PRS): Model D2

The model contained a total of 18 independent T2D-relevant variables
including the above-stated clinical parameters (i.e. 15 variables) plus three T2D-

relevant PRSs (PRS for T2D, BMI, and glycated haemoglobin).

3.D.IIl. Prediction of confirmed T2D diagnosis by clinical parameters, T2D-
associated PRS and SNPs: Full model for T2D
Direct logistic regression was performed with the addition of the LPL SNP

groups as a parameter to the above model (i.e. total 19 variables).
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3.D.1V. Prediction of confirmed T2D diagnosis by SNPs using Model D2
LPL SNP groups were filtered or selected as separate cases (i.e. Model D2
was used for individuals with rs268 only, and so on using other SNPs) and direct

logistic was performed.

3.E. Prediction of confirmed CVC diagnosis
3.E.l. Prediction of confirmed CVC diagnosis by clinical parameters

The model contained 15 independent variables normally accessible in clinical

settings, as with D.1.

3.E.Il. Prediction of confirmed CVC diagnosis by clinical parameters and CVC-
associated PRS: Model E2

The model contained a total of 22 independent CVC-relevant variables
including the above-stated clinical parameters (i.e. 15 variables) plus seven CVC-
relevant PRSs (PRS for BMI, CVD, atrial fibrillation, coronary artery disease (CAD),

hypertension, LDL, HDL).

3.E.lll. Prediction of confirmed CVC diagnosis by clinical parameters, CVC-
associated PRS and SNPs: Full model for CVC

Direct logistic regression was performed with the addition of the LPL SNP
groups as a parameter to the above model (i.e. total 23 variables).
3.E.IV. Prediction of confirmed CVC diagnosis by SNPs using Model B2

LPL SNP groups were filtered or selected as separate cases and direct

logistic was performed using Model E2.
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4. RESULTS
4.A. Descriptive characteristics

The total number of subjects analysed in the cohort was 12,872 (mean age 56
years +8.1. 90.0% were of British ethnicity, and 53.9% were females. All 18
participants with multiple SNPs had 2 SNPs each, which were heterozygous for both
SNPs (Table 1). A total of 111 (0.86%) participants had homozygous variations
involving rs116403115, rs115426065, and rs268 (1, 1, and 109 individuals,
respectively).

The mean baseline weight and BMI were 77.8 +15.5 kg and 27.3 +4.6 kg/m?,
respectively. There were 474 (3.7%) participants who had Type 2 diabetes (T2D),
and 3,651 (28.4%) had heart or vascular problems (HVP; interchangeably called
cardiovascular conditions or CVC in this study) as diagnosed by a doctor. Presence
of T2D was identified with diagnosis of ICD-10 code E11 (non-insulin dependent
diabetes mellitus) amongst participants, and CVC was defined by the presence of
one or more of the following: high blood pressure, angina, heart attack, or stroke.
Baseline characteristics are presented in Table 2.

Most participants (93.3%) were alcohol drinkers, and a majority (59.0%) had
history of smoking on study enrolment. Most also reported engaging in moderate
exercise for at least 10 minutes on 5.4 +1.9 days per week (n=12,681). Dietary
variation was reported as Gometimesd  56y0% of participants and dmever/rarelydé by

34.8%.
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Variant ID Zygosity n Total

rs118204061 Heterozygous 10 10

rs144466625 Heterozygous 19 19

rs116403115 Homozygous 1 69
Heterozygous 68
Homozygous 1

rs115426065 Heterozygous 275 276

rs118204057 Heterozygous 311 311

rs547644955 Heterozygous 224 224
Homozygous 109

268 Heterozygous 11,836 11,945

rs144466625; :

(547644955 Hetero; hetero 1

rs115426065; ,

(547644955 Hetero; hetero 6

rs115426065; rs268 Hetero; hetero 1 18

rs118204057; rs268 Hetero; hetero 8

rs118204057; ,

(S547644955 Hetero; hetero 1

rs547644955; rs268 Hetero; hetero 1

TOTAL 12,872

Table 1. Frequency distribution per variant ID

shows zygosity, number of participants, totals and overall total.
Notably, there are pronounced differences in sample sizes,
particularly when compared with variant ID rs268.

Hetero = heterozygous n = number of participants

N Mean Std Dev
Weight (kg) 12,693 77.8 15.5
BMI (kg/m2) 12,843 27.3 4.6
Waist circumference (cm) 12,856 89.9 13.2
Systolic BP_mmHg 12,051 139.6 19.5
Diastolic BP_mmHg 12,052 82.3 10.7
Glucose(mmol/L) 11,199 5.1 1.2
Glycated haemoglobin
(HbA1c) (mmol/mol) 12,224 36.0 6.7
Total Lipids in HDL (mmol/L) 3,043 2.9 0.6
Total Lipids in LDL (mmol/L) 3,043 2.5 0.6
Age diabetes diagnosed 612 51.6 11.9

Table 2. Baseline characteristics of participants, including key
MetS-associated clinical parameters, N, mean, and standard deviation,
providing comparative context for normative population data

Std Dev =standard deviation; N = total number of participants;

BMI = body mass index; BP = blood pressure; HDL = high-density lipoprotein;
LDL= low-density lipoprotein
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4.B. Comparison of groups in relation to T2D and CVC diagnosis
4.B.l. SNPs vs diagnosis of T2D and CVC

A chi-square test for independence indicated a significant association
between SNPs and T2D ( 2 (7) = 64.09, p<.001), as well as between SNPs and

CVC ( 2(7) =36.68, p <. 001). (See Figure 1).

4.B.Il. Zygosity vs diagnosis of T2D and CVC
A chi-square test for independence indicated no significant association
between zygosity and T2D (Fisher Exact Test p = .176chi-square assumptions not

met); nor between zygosity and CVC ( 2 (2) = .546, p =.761).

4.B.lll. SNPs vs clinical parameters

Statistically significant differences between groups were observed for weight,
BMI, diastolic BP, total lipids in lipoprotein between groups, and HbAlc as
determined by one-way ANOVA (p < .001). Significant differences were also found
for waist circumference, HDL, and LDL (p < .05). (See Table 3).

Post-hoc Tukey analyses revealed significant differences between
rs11542065 and rs268 as well as between rs118204057 and rs54764995,
rs54764995 and rs268 (p < .001). Additional significant differences were found
between rs118204057 and rs115426065, and between rs268 and rs54764995 (p <

.05).

4.B.IV. SNPs vs Polygenic Risk Scores (PRS)
Significant differences were observed in all parameters tested: PRS for BMI

and HDL (p <. 001); PRS for T2D, CVD, AF, CAD, HbAlc, HT, and LDL (p < .05).
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T2D Diagnosis

100.0%
90.0% -—
80.0% -— —
70.0% - —
60.0% -
50.0% -
40.0% -
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10.0% -
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Diagnosis (%)

CVC Diagnosis

100.0%
90.0%
80.0%
70.0% -—
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

Diagnosis (%)

& Not diagnosed

& Diagnosed

B.
Figure 1. Diagnosis of outcomes amongst individuals with the SNPs for: A. T2D, B.
CVC, showing the percentage of diagnosed versus non-diagnosed individuals.
Significant associations were found between SNPs and both T2D and CVC.

T2D = Type 2 diabetes, CVC = cardiovascular conditions, 2 SNPs = presence of 2
SNPs as defined in Table 1
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SNPs N Mean _ St SNPs N Mean std.
Deviation Deviation
L 1
118204061  ° oL ekl 5118204061 0 910 17.2
2 2
(s144466625 9 80.0 18.9 (5144466625 19 90.9 13.6
3 3
5116403115 O 64 168 5116403115 O° %03 14.9
4 Waist 4
Weight (kg) rsi15426065 <+~ 821 158 circumference  rs115426065  °'° 921 12.8
° (cm) 5
> 1goosos; 308 778 162 > 1goodosy 311 90.4 13.6
6
% renses 221 8L 167 6 1S54764995 223 92.6 13.0
71268 1,777 776 155 75268 11,931 898 13.2
8 2_SNPs 18 722 149 8 2_SNPs 18 86.2 13.6
Total 12693 778 155 Total 12,856 89.9 13.2
df 7 df 7
ANOVA  F 5.7 ANOVA F 2.8
L 1
118204061  ° 26.2 > 5118204061 2.7 0.6
2 2
5144466625 10 28.3 > 5144466625 2.6 0.5
3 3
5116403115  °° 276 4.0 - rsi16403115 2.9 0.7
BMI(kg/m?) 4 Total Lipids in 4
Y isioeoes 273 289 5.0 HDL (mmollL) % oo TS 3.0 0.7
S 5
rs118204057 ot 274 >0 5118204057 0 2.7 0.5
6
S civeacos 221 293 5.1 6 1S54764995 62 2.8 0.5
715268 11922 27.2 45 75268 2,810 2.9 0.6
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82 SNPs 18 26.9 4.6 82 SNPs 4 25 0.4
Total 12,843 27.3 4.6 Total 3043 2.9 0.6
df 7 of 7
ANOVA F 12.1 ANOVA F 21
p <.001 p 0.043
1 1
rs118204061 2 87.1 8.9 rs118204061 4 2.3 0.7
2 2
rs144466625 18 68.2 10.3 rs144466625 4 2.3 0.6
3 3
rs116403115  °% 60.9 9.6 rs116403115 14 2.3 0.7
o 4 4
Diastolic BP (s115426065 269 84.6 10.9 Total Lipids in (115426065 75 2.2 0.6
(mmHgQ) 5 LDL (mmol/L) 5
rs118204057 227 g2.1 11.0 rs118204057 'O 2.5 0.7
6
° reaces 219 84.6 12.4 61s54764995 62 23 0.5
7 rs268 11,158  82.2 10.6 7 1268 2 810 25 0.6
82 SNPs 18 79.8 13.9 82 SNPs 4 2.4 0.9
Total 12052  82.3 10.7 Total 3.043 2.5 0.6
af 7 af 7
ANOVA F 4.7 ANOVA F 2.4
b < .001 0 0.019
1 1
rs118204061 2 8.4 12 rs118204061 9 142.2 19.8
2 2
;I;]otal Lipids “aasceens 4 75 1.2 2 AA4EEES 18 149.8 25.0
: .3 Systolic BP 3
Efr?i?:?géem rs116403115 14 8.0 1.8 (mmHg) rs116403115 64 135.7 18.1
4 4
(mmoliL) % e 75 7.9 16 15406065 269 139.8 19.0
5 5
rs118204057 0 8.9 1.7 rs118204057 297 139.3 19.9
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6
® iea00s 62 78 13 6154764995 219 141.3 22.0
7 rs268 2 810 8.8 17 7 rs268 11,157 139.5 195
82 SNPs 4 8.0 23 82 SNPs 18 136.8 24.8
Total 3.043 8.8 17 Total 12,051 139.6 195
df 7 T 7
ANOVA F 6.8 ANOVA F 1.4
b < 001 0 0.194
1 1
rs118204061 2 39.3 14.0 rs118204061 9 5.7 24
2 2
rs144466625 1O 36.3 6.4 rs144466625 17 5.1 0.5
3 3
rs116403115  °7 37.0 6.8 rs116403115  ©°1 51 1.3
Glycated 4 4
haemoglobin rs115426065  2°° 39.2 11.2 Glucose(mmol/L)rs115426065  2°2 >3 1.6
(HbAlc) 5 5
rs118204057 298 36.3 74 rs118204057 272 51 13
6
 reaoes 176 39.9 9.6 654764995 199 51 1.2
7 rs268 11,404  35.9 6.4 7 rs268 10,394 51 1.2
82 SNPs 17 35.3 3.4 82 SNPs 15 51 08
Total 12224  36.0 6.7 Total 11,199 51 1.2
df 7 af 7
ANOVA F 175 ANOVA F 0.9
A. p <.001 C. p 0.510

Table 3. One-way Analysis of Variance (ANOVA) between groups showing significant difference at (A) p <.001 (weight, BMI, diastolic BP, total
lipids in lipoprotein between groups, and HbAlc as determined by one-way ANOVA); and (B) at p < .05) (waist circumference, HDL, and LDL) ; C
showing no significant difference amongst SNPs (numbered 1 to 8) and assessed parameters (as per clinical parameter indicated). SNP = single
nucleotide polymorphism, N = number of participants, Std. = standard, 2 SNPs = presence of 2 SNPs as per Table 1, df = degrees of freedom, F =
ANOVA F-statistic indicating magnitude of difference between group means, BMI = body mass index, BP = blood pressure, HDL = high-density
lipoprotein, LDL = low-density lipoprotein
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4.C. Association of variables across different groups
4.C.l. Correlation between BMI and waist circumference with T2D and CVC
diagnosis in individuals with these SNPs

Amongst individuals with SNPs investigated in this study, there was a positive
correlation between T2D diagnosis and both BMI (r = .180) and waist circumference
(r = .201), p < .001. A positive r value indicated that higher BMI or waist
circumference was associated with a greater likelihood of T2D diagnosis. The
correlation coefficients fall within the f-¢
(0.1010.29), suggesting that, while the associations were not strong, they were
consistent and unlikely to be due to chance given the large sample size.

Similarly, a positive correlation was observed between CVC diagnosis and
both BMI (r = .248) and waist circumference (r = .261), p < .001. These coefficients
were slightly higher than those observed for T2D, indicating a marginally stronger
association between increased adiposity measures and CVC diagnosis in this
cohort. Thus, individuals with higher BMI and larger waist circumference were more
likely to have a CVC diagnosis, with waist circumference showing a slightly stronger
relationship than BMI for both conditions.

Overall, the results suggest that, in this SNP-defined population, central
adiposity (as measured by waist circumference) may be a marginally better predictor
of both T2D and CVC diagnoses than BMI, with these associations being more
pronounced for CVC than for T2D.

Simple boxplots of BMI and waist circumference by diagnosis of T2D and

CVC are shown in Figure 2.

4 .C.ll. Correlation between BMI and waist circumference with T2D and CVC
diagnosis in individuals with the SNPs: Males and Females compared

When comparing males and females, the correlation between BMI and waist
circumference was consistently positive in both sexes, indicating that higher values
for these anthropometric measures were associated with a greater likelihood of
diagnosis.

For T2D, the correlation coefficients for females were r = 0.164 (BMI) and r =
0.178 (waist circumference), while for males they were slightly higher at r = 0.199
(BMI) and r = 0.209 (waist circumference). These positive r values, all statistically

signific ant , fall within the HAsmall o range acco

48



0.29), but the slightly higher values in males suggest a marginally stronger
relationship between adiposity and T2D diagnosis in men compared to women.

For CVC, the pattern was similar. Among females, the correlation coefficients
were r = 0.238 (BMI) and r = 0.241 (waist circumference), while among males they
were slightly higher at r = 0.252 (BMI) and r = 0.258 (waist circumference). These
values approach the upper end of o0t hra nijye neatmltger than those
observed for T2D, indicating that both BMI and waist circumference have, to some
extent, greater association with CVC diagnosis than with T2D in this population.
Again, the higher r values in men suggest that the association between measures of
adiposity and CVC is modestly stronger in males compared to females.

In summary, the consistently positive and statistically significant correlation
coefficients indicate that in both sexes, higher BMI and waist circumference were
related to increased likelihood of T2D and CVC diagnoses, with waist circumference
showing slightly stronger associations than BMI, and these relationships being
marginally more pronounced in males.

Boxplots of BMI and waist circumference by diagnosis of T2D and CVC,

stratified by sex are shown in Figure 3.

4.C.ll. Partial Correlation between waist circumference and LDL levels while
controlling for age

There was no significant partial correlation between waist circumference and
LDL levels while controlling for age, r = -.006, p > .05. The r value was extremely
close to zero, indicating an almost complete absence of a linear relationship between
waist circumference and LDL levels in this sample when the effect of age was
accounted for. An inspection of the corresponding zero-order correlation coefficient (r
=7T0.007) showed an essentially identical v al
did not meaningfully alter the association. The mi ni ma | dirfF @0 nce (c
indicates that age was not a confounding factor in the relationship between waist

circumference and LDL levels in this dataset.
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Figure 2. Simple boxplots of body mass index (BMI, kg/m2) and waist circumference
(circum; cm) by diagnosis of type 2 diabetes (T2D) and cardiovascular conditions
(CVC). Panels ILA and 1.B show the distribution of BMI and waist circumference,
respectively, for participants with and without T2D. Panels Il.LA and II.B show the
same for participants with and without CVC. In each plot, the central line inside the
box indicates the median, the lower and upper edges of the box represent the 25th
and 75th percentiles (interquartile range, IQR), and the whiskers extend to the most
extreme values within 1.5 x IQR from the box. Data points beyond the whiskers are
plotted individually as circles (mild outliers; >1.5 x IQR but O3 T | QR fr or
guartiles) or asterisks (extreme outliers; >3 x IQR from the quartiles). A large number
of outliers were present in all groups, representing individuals with particularly high
BMI or waist circumference, which may be clinically relevant for assessing metabolic
and cardiovascular risk. Median BMI and waist circumference were higher in
participants with T2D than those without, whereas marginal differences were
observed between CVC and non-CVC groups.
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Figure 3. Boxplots of body mass index (BMI, kg/m?2) and waist circumference (WC,
cm) by diagnosis of type 2 diabetes (T2D) and cardiovascular conditions (CVC),
stratified by sex. Panels I.A and I.B display BMI and WC distributions, respectively,
for participants with T2D. Panels II.A and II.B show the same for participants with
CVC. Blue boxes represent males and orange boxes represent females. In each
plot, the central line inside the box denotes the median, X represents the mean, the
lower and upper edges represent the 25th and 75th percentiles (interquartile range,
IQR), and whiskers extend to the most extreme values within 1.5 x IQR from the
guartiles. There were marginal differences in BMI for males and females with T2D or
CVC, while males with T2D or CVC had higher waist circumference than females
with T2D or CVC.

4.D. Prediction of confirmed T2D diagnosis
4.D.1. Prediction of confirmed T2D diagnosis by clinical parameters
The model containing all predictors (a total of 15 variables) was statistically

significant, ¢® (20, N = 9,668) = 1399.3, p < .001. The accuracy, specificity, and

51



sensitivity for the model were 97.1%, 99.4%, 38.5%, respectively. The AUC in ROC

analysis was .959 (p <.001).

4.D.Il. Prediction of confirmed T2D diagnosis by clinical parameters and T2D-
associated Polygenic Risk Scores (PRS): Model D2

The model containing all predictors (a total of 18 variables) was statistically
significant, ¢ (23, N = 9,623) = 1,427.2, p < .001. The model as a whole correctly
classified 97.1% of the cases; specificity was 99.4%, and sensitivity was 38.0%. The

AUC in ROC analysis was .961 (p < .001).

4.D.1l. Prediction of confirmed T2D diagnosis by clinical parameters, T2D-
associated PRS and SNPs: Full model for T2D

The addition of the SNPs as predictor (atotal of 19 v ar i?2ad0) s ;
9,623) = 1516.0, p <.001) correctly classified 97.3% of the cases; specificity was the
same at 99.4%, and sensitivity increased to 42.5%, representing a 4.5% increase.

Six independent variables made a unique statistically significant contribution
to the model, namely age, BMI, HP, diastolic BP, and standard PRS for T2D (p <
.05; Table 4). The strongest predictor of T2D diagnosis in participants with the LPL
SNPs investigated in this study was the Standard PRS for T2D. This indicated that
the odds of participants being diagnosed with T2D were 1.6 times greater for each
unit increase in PRS score, controlling for other factors in the model.

A ROC curve based on the full prediction model is presented in Figure 4; the

AUC was .965 (p <.001).

4.D.1IV. Prediction of confirmed T2D diagnosis by SNPs using Model D2
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Four SNPs had a sufficient number of participants for data analysis:
rs116403115 (n = 69, 7.2% with T2D), rs118204057 n = 311, 3.2% with T2D),
rs547644955 (n = 224, 12.5% with T2D), and rs268 (n = 11,945, 3.6% with T2D). On
investigation, three SNPsi rs116403115, rs118204057, and rs547644955-
demonstrated 100.0% sensitivity and specificity. The sensitivity for rs268, which had
the highest number of N, was 42.5%.

For the three SNPs with 100.0% specificity, sensitivity, and accuracy (i.e.,
rs116403115, rs118204057, and rs54764495), the AUCs were 1.0 as expected (p <

.001). The AUC for rs268 was .963 (p < .001).
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95% C.l.for EXP(B)

Variables B S.E. Wald df Sig. Exp(B)

Lower Upper
Age at Recruitment 0.064 0.012 27.239 1 <.001 1.066 1.041 1.092
Sex(1) -0.055 0.265 0.044 1 0.834 0.946 0.563 1.591
Weight (kg) -0.068 0.044 2.392 1 0.122 0.934 0.856 1.018
Height Standing (cm) 0.088 0.048 3.352 1 0.067 1.092 0.994 1.200
BMI (kg/m?) 0.355 0.13 7.491 1 0.006 1.426 1.106 1.84
Waist circumference (cm) 0.034 0.013 6.389 1 0.011 1.035 1.008 1.062
Hip circumference (cm) -0.061 0.017 12.790 1 <.001 0.941 0.910 0.973
Ever Smoked 0.573 2 0.751
Ever Smoked(1) 1.055 1.494 0.498 1 0.48 2.871 0.154 53.695
Ever Smoked(2) 1.004 1.492 0.453 1 0.501 2.730 0.147 50.798
Alcohol Drinker status 1.787 3 0.618
Alcohol Drinker status(1) -0.399 0.352 1.283 1 0.257 0.671 0.336 1.338
Alcohol Drinker status(2) -17.238 17612.815  0.000 1 0.999 0.000 0.000
Alcohol Drinker status(3) 0.250 0.382 0.430 1 0.512 1.284 0.608 2.714
Systolic BP (mmHg) 0 0.005 0.007 1 0.932 1 0.989 1.010
Diastolic BP (mmHg) -0.045 0.010 20.983 1 <.001 0.956 0.938 0.975
Physical Activity -0.036 0.036 0.958 1 0.328 0.965 0.899 1.036
Variation in Diet 2.461 3 0.482
Variation in Diet(1) -0.832 0.880 0.894 1 0.344 0.435 0.078 2.441
Variation in Diet(2) -0.488 0.896 0.297 1 0.586 0.614 0.106 3.551
Variation in Diet(3) -0.737 0.874 0.711 1 0.399 0.479 0.086 2.655
Glucose (mmol/L) -0.003 0.045 0.005 1 0.941 0.997 0.912 1.089
HbAlc (mmol/mol) 0.196 0.011 303.998 1 <.001 1.216 1.190 1.243
Variant Group 8.581 7 0.284
Variant Group(1) 1.438 3.692 0.152 1 0.697 4.211 0.003 5848.791
Variant Group (2) 0.745 3.595 0.043 1 0.836 2.106 0.002 2416.766
Variant Group (3) -27.199  3198.500 0.000 1 0.993 0 0 :
Variant Group (4) -0.734 3.582 0.042 1 0.838 0.480 0 536.881
Variant Group (5) 1.109 3.551 0.097 1 0.755 3.030 0.003 3194.619
Variant Group (6) 0.353 3.527 0.010 1 0.920 1.424 0.001 1431.903
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Variant Group (7) 1.569 3.723 0.178 1 0.673 4.802 0.003 7087.110
Standard PRS for T2D 0.491 0.084 33.959 1 <.001 1.634 1.385 1.927
Standard PRS for BMI 0.042 0.081 0.270 1 0.603 1.043 0.890 1.222
Standard PRS for HbAlc -0.042 0.073 0.333 1 0.564 0.959 0.831 1.106
Constant -28.068 8.919 9.902 1 0.002 0.000

Table 4. Logistic regression outcome for T2D diagnosis using the full prediction model. Table shows that six independent variables
(age, BMI, HP, diastolic BP, and standard PRS for T2D) made a unique statistically significant contribution to the model (p < .05),
with the Standard PRS for T2D being the strongest predictor of being diagnosed with T2D, indicating that the odds were 1.6 times
greater that the participants were diagnosed with T2D with per unit increase of PRS score, controlling for other factors in the model.
B = B coefficient (representing change in the log-odds of the outcome for a unit change in variable), S.E. = standard error, Wald =
(B/S.E.)"2, T2D = type 2 diabetes, BMI = body mass index, BP = blood pressure, HbAlc = glycated haemoglobin, PRS = polygenic
risk score, df = degrees of freedom, Sig. = significance (p < .05 bolded to emphasize significance), Exp(B) = exponential value of B
coefficient (e”B), 95% C.l. (confidence interval) for EXP(B) = range within which the true odds ratio is likely to fall with 95%
confidence (lower and upper values shown defining the boundaries of the 95% C.1.). Physical activity is defined as number of
days/week of moderate physical activity 10+ minutes. SPSS coding used (reference- used as baseline for comparison): Sex = 0 for
female, 1 for male; Ever smoked = 0 for No, 1 for Yes; Alcohol drinking status = O for never, 1 for previous, 2 for current (reference);
Variation in diet = O for never/rarely, 1 for sometimes, 2 for often; Variant Groups: 1 = rs118204061 (reference), 2 = rs1444466625,
3 =rs116403115, 4 =rs11542065, 5 = rs118204057, 6 = rs547644955, 7 = rs268, 8 = 2 SNPs.
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Figure 4. Receiver Operating Characteristic (ROC) curve of the full model for prediction
of T2D diagnosis, showing predicted probability (blue curve)) in relation to reference line
(red line), indicating high classification accuracy (AUC = .965, p < .05) for the studied
cohort (N =12,872). T2D = type 2 diabetes, AUC = area under the curve
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4.E. Prediction of confirmed CVC diagnosis
4.E.l. Prediction of confirmed CVC diagnosis by clinical parameters

The model containing all predictors (a total of 15 variables) was statistically
significant, ¢® (20, N = 9668) = 1,852.2, p < .001. The accuracy, specificity, and
sensitivity for the model were 74.8%, 91.4%, 32.1%, respectively. The AUC in ROC

analysis was .772 (p < .001).

4.E.ll. Prediction of confirmed CVC diagnosis by clinical parameters and CVC-
associated PRS: Model E2

The model containing all predictors (a total of 22 variables) was statistically
significant, ¢* (27, N = 9623) = 2,132.9, p < .001. The model as a whole correctly
classified 75.8% of the cases, specificity was 90.9%, and sensitivity was 37.1%. The

AUC in ROC analysis was .790 (p < .001).

4.E.lll. Prediction of confirmed CVC diagnosis by clinical parameters, CVC-
associated PRS and SNPs: Full model for CVC

Theaddi ti on of the SNPs as p’(34 di=®,628)r=
2158.6, p < .001) correctly classified 75.9% of the cases, specificity was the same at
90.9%, and sensitivity increased to 37.5%, a small increase of 0.4%.

Twelve independent variables made a unique statistically significant
contribution to the model: age, WC, HC, alcohol drinker status, systolic BP, diastolic
BP, variation in diet, HbAlc, variant group, and standard PRS for CVD, BMI, and
hypertension (p < .05; Table 5); In reference to other SNPs, the odds of being
diagnosed with CVC differs. Being a current alcohol drinker as well as the PRS for
hypertension show higher odds ration of 1.7 and 1.5, respectively, controlling for

other factors in the model.
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A ROC curve based on the full prediction model for CVC (AUC = .837, p <

.001) is presented in Figure 5. The AUC for the full model was .837 (p < .001).

4.E.IV. Prediction of confirmed CVC diagnosis by SNPs using Model E2

Upon investigation of SNP groups with sufficient number of participants for
data analysis (four SNPs: rs11542065 (n=276, 32.6% with CVC), rs118204057
(n=311, 29.3% with CVC), rs547644955 (n=224, 43.8% with CVC), and rs268
(n=11,945, 27.9% with CVC)), rs547644955 had the highest sensitivity at 75.9%,
specificity 83.1%, and accuracy 80.9% (ROC curve showing AUC =.910, p <.001, is
shown in Figure 5). The other 3 SNPs (rs11542065, rs118204057, and rs268) had

lower sensitivity (50.8, 33.8, and 36.9, respectively).
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95% C.l.for EXP(B)

Variables B S.E. Wald df Sig. Exp(B)

Lower Upper
Age at Recruitment 0.0700 0.004 311.141 1 <.001 1.072 1.064 1.081
Sex(1) -0.103 0.094 1.198 1 0.274 0.902 0.750 1.085
Weight (kg) 0.021 0.018 1.375 1 0.241 1.021 0.986 1.058
Height Standing (cm) -0.020 0.018 1.268 1 0.260 0.980 0.946 1.015
BMI(kg/m2) 0.035 0.053 0.434 1 0.510 1.035 0.934 1.148
Waist circumference (cm) 0.030 0.005 36.574 1 <.001 1.030 1.020 1.040
Hip circumference (cm) -0.038 0.007 32.137 1 <.001 0.962 0.950 0.975
Ever Smoked 5.076 2 0.079
Ever Smoked(1) 0.247 0.468 0.278 1 0.598 1.280 0.512 3.201
Ever Smoked(2) 0.363 0.467 0.604 1 0.437 1.438 0.576 3.590
Alcohol Drinker status 12.934 3 0.005
Alcohol Drinker status(1) 0.064 0.135 0.225 1 0.635 1.066 0.818 1.390
Alcohol Drinker status(2) 0.762 0.952 0.642 1 0.423 2.143 0.332 13.847
Alcohol Drinker status(3) 0.518 0.148 12.226 1 <.001 1.678 1.256 2.244
Systolic BP (mmHQ) 0.016 0.002 69.259 1 <.001 1.016 1.012 1.020
Diastolic BP (mmHg) 0.021 0.003 37.719 1 <.001 1.021 1.014 1.028
Physical activity -0.008 0.014 0.319 1 0.572 0.992 0.966 1.019
Variation in Diet 22.046 3 <.001
Variation in Diet(1) -0.015 0.388 0.001 1 0.969 0.985 0.461 2.108
Variation in Diet(2) 0.138 0.396 0.122 1 0.727 1.148 0.529 2.493
Variation in Diet(3) 0.250 0.387 0.418 1 0.518 1.284 0.602 2.740
Glucose (mmol/L) 0.006 0.026 0.050 1 0.823 1.006 0.957 1.057
HbAlc (mmol/mol) 0.013 0.005 6.400 1 0.011 1.013 1.003 1.024
Variant Group 25.564 7 <.001
Variant Group(1) 2.924 1.268 5.314 1 0.021 18.617 1.549 223.696
Variant Group(2) 2.238 1.169 3.663 1 0.056 9.377 0.948 92.786
Variant Group(3) 1.966 1.134 3.005 1 0.083 7.143 0.773 65.966
Variant Group(4) 1.518 1.131 1.803 1 0.179 4.565 0.498 41.865
Variant Group(5) 2.276 1.138 3.998 1 0.046 9.734 1.046 90.597
Variant Group(6) 1.586 1.120 2.006 1 0.157 4.884 0.544 43.853
Variant Group(7) 1.353 1.331 1.034 1 0.309 3.871 0.285 52.593
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Standard PRS for CVD 0.103 0.039 7.076 1 0.008 1.108 1.027 1.195
Standard PRS for BMI -0.059 0.027 4,552 1 0.033 0.943 0.894 0.995
Standard PRS for AF -0.007 0.029 0.066 1 0.797 0.993 0.938 1.050
Standard PRS for CAD 0.053 0.039 1.807 1 0.179 1.054 0.976 1.138
Standard PRS for

hypertension 0.411 0.030 189.265 1 <.001 1.508 1.422 1.599
Standard PRS for HDL

cholesterol -0.023 0.026 0.782 1 0.376 0.977 0.929 1.028
Standard PRS for LDL

cholesterol 0.010 0.025 0.162 1 0.688 1.010 0.961 1.062
Constant -9.443 3.238 8.507 1 0.004 0

Table 5. Logistic regression outcome for CVC diagnosis using the full prediction model. Table shows that twelve
independent variables (age, WC, HC, alcohol drinker status, systolic BP, diastolic BP, variation in diet, HbAlc, variant
group, and standard PRS for CVD, BMI, and hypertension) made a unique statistically significant (p < .05) contribution to
the model. Being a current alcohol drinker as well as the PRS for hypertension show high odds ration of 1.7 and 1.5,
respectively, controlling for other factors in the model. B = B coefficient (representing change in the log-odds of the outcome
for a unit change in variable), S.E. = standard error, Wald = (B/S.E.)"2, df = degrees of freedom, Sig. = significance (p < .05
bolded to emphasize significance), Exp(B) = exponential value of B coefficient (e”B), 95% C.l. (confidence interval) for
EXP(B) = range within which the true odds ratio is likely to fall with 95% confidence (lower and upper values shown defining
the boundaries of the 95% C.I.), CVC = cardiovascular conditions, BMI = body mass index, BP = blood pressure, HbAlc =
glycated haemoglobin, PRS = polygenic risk score, CVD =cardiovascular disease, AF = atrial fibrillation, CAD = coronary
artery disease, HDL = high-density lipoprotein, LDL = low-density lipoprotein. Physical activity is defined as number of
days/week of moderate physical activity 10+ minutes. SPSS coding used (reference- used as baseline for comparison): Sex
= 0 for female, 1 for male; Ever smoked = O for No, 1 for Yes; Alcohol drinking status = O for never, 1 for previous, 2 for
current (reference); Variation in diet = O for never/rarely, 1 for sometimes, 2 for often; Variant Groups: 1 = rs118204061
(reference), 2 = rs1444466625, 3 = rs116403115, 4 = rs11542065, 5 = rs118204057, 6 = rs547644955, 7 = rs268, 8 = 2
SNPs
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Figure 5. Receiver Operating Characteristic (ROC) curve of the model for prediction of CVC
diagnosis, showing full model (blue curve) and in individuals with rs547644955 (red curve)
in relation to reference line (green line), indicating higher classification accuracy for
rs547644955 (AUC = .910, p <.001; N = 224) than the full model (AUC = .837, p <.001; N
=12,872. CVC = cardiovascular conditions, AUC = area under the curve



5. DISCUSSION
5.A. Comparison amongst SNPs and association studies

A review by Brown and Walker in 2016 on MetS GWAS reported that
the major genomic risk loci for MetS were in, or close to, lipid-regulating
genes including LPL (Brown and Walker, 2016). In 2019, a GWAS on MetS in
the UK Biobank was published, as previously discussed, reporting 80 novel
independent loci using the harmonized National Cholesterol Education
Program (NCEP; Appendix) criteria for MetS (Lind, 2019). According to Heart
UK, MetS is very common amongst the British, with an estimated prevalence
of 25%, a rate which is consistent with the worldwide MetS prevalence
(Noubiap et al., 2022). Expanding the body of knowledge on the genetic
patterns of MetS may provide causal links, preventative insights, and potential
therapeutic propositions with significant global healthcare impact.

In this study, SNPs previously associated with MetS were evaluated in
relation to the development of T2D and CVC. Significant associations
between the SNPs rs268, rs11542065, rs116403115, rs118204057,
rs118204061, rs144466625, and rs54764495 and diagnosis of both T2D and
CVvC (4.B.1, Figure 1) were found. Previous reports also identified
associations of LPL SNPs with MetS: rs320, rs328, rs1801177, rs268 (Ariza
et al., 2010) and rs328 (Cahua-Pablo et al., 2015). In this cohort, rs268 was
found to be the most common, and previous large studies have reported
significant findings in relation to MetS (Franceschini et al., 2011, Nejati et al.,
2018, Sagoo et al., 2008). For example, the Human Genome Epidemiology
(HUGE) Review found consistent lipid effects on coronary heart disease

(CHD) risk in white participants. Here, however, a MetS feature was the focus,
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that is CHD, rather than MetS as defined (Sagoo et al., 2008). The Population
Architecture using Genomics and Epidemiology (PAGE) Study was another
large study evaluating rs268 and also CHD, but did not find significant
associations (Franceschini et al., 2011). Its participants were primarily
Hispanics and Asians, which may signify the crucial role of ethnicity. Notably,
in this study - comprising 90% British participants - significant differencee
were found between the seven SNPs and CVC. Therefore, the difference of
ethicity in the PAGE study (Hispanics and Asians) may be significant to that in
this study (mostly British). A computational analysis performed on a recent
study has shown that rs268 (as well as rs328) may affect the protein
structure, while a meta-analysis done in the same study indicated that stroke
risk was decreased in other LPL SNPs (i.e. rs320 and rs285) (Nejati et al.,
2018).

The differences amongst groups with the assessed clinical parameters
with significance such as weight, BMI, diastolic BP, and waist circumference
may be of particular interest for the further study of these SNPs. HbAlc was
of significant difference, for instance, but not random blood glucose (Table 3A
and Table 3C). This is in contrast to the two previous studies which evaluated
an LPL SNP, rs285, which reported the relation of this SNP to both BMI and
fasting blood glucose (Bozina et al., 2013, Chuluun-Erdene et al., 2020).
Although this SNP was not included in this study, differences as this warrant
further scrutiny. In addition, combinations of frequencies in selected genes
may exacerbate obesity as with the result from a study, which evaluated
relationships between LPL m107 (rs1800590) and APOA5 S19W (rs3135506)

and lipid and anthropometric measures (Smith et al., 2010). Combinations of
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frequencies were not investigated in this study as only the seven LPL SNPs
were evaluated; however, the combination of these LPL SNPs with other
genes may be explored in future studies. The utility of PRS for risk prediction
of both T2D and CVC, amongst many diseases, is gaining interest (Arnold
and Koenig, 2021, Hahn et al., 2022); however, the non-significant
association of PRS with the SNPs in this study (4.B.1V) is expected due the
interplay of numerous factors including environmental influences and
epigenetic regulation.

Numerous publications indicate the association of BMI with the
pathogenesis of both T2D and CVC (Kolb and Martin, 2017, Larsson and
Burgess, 2021, Meigs et al., 2006). Abdominal obesity, often presented as
weight circumference as an anthropometric measure, has also been widely
investigated and reported to be risk factor for both diseases (Franek et al.,
2023, Qiao et al., 2022). A large genetic study in the United Arab Emirates
has studied genetic associations between T2D and coronary artery disease
(CAD) and their associations with several cardiometabolic features; this study
found that the strongest association with CAD was detected with SNP rs264
in LPL (Osman et al., 2020). In the present study, a stronger association of
the LPL SNPs is evident, compared to their association with T2D, which can
be attributed to the role of LPL in fatty acid metabolism (Figure 1). Regarding
the marginal higher BMI and WC amongst men compared to women with T2D
which was found in this study (4.C.2), a review article on the sex differences
on features of diabetes reported a somewhat different, though not entirely
contradictory; their results indicated that BMI is a better predictor of T2D in

men, while it is WC for women (Kautzky-Willer et al., 2016). For CVC, the
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outcome in the study was similar, with slightly higher BMI and WC observed
amongst men compared to women. However, more studies are required to
establish distinct features between sexes in CVC (Regitz-Zagrosek and
Gebhard, 2023). Nevertheless, these differences, including effects of other
confounding variables may be further investigated with LPL SNPs to clarify
their role in the pathogenesis of T2D and CVC.

Genome-wide association studies (GWAS) for MetS have been
reported for various ethnic populations and from multiethnic backgrounds
(Moon et al., 2018, Oh et al., 2020, Tekola-Ayele et al., 2015). In 2011, a
systematic review on the genetic variants associated with MetS has outlined
the most studied SNPs linked with MetS (rs9939609 (FTO), rs7903146
(TCF7L2), C56G (APOA5), T1131C (APOA5), C482T (APOC3), C455T
(APOC3) and 174G>C (IL6)); LPL was not included in this report (Povel et al.,
2011). A recent (2019) publication on MetS GWAS which has used the UK
Biobank data has been published, which reported 80 novel independent loci;
LPL SNP rs3844510 was included although not as a novel finding (Lind,
2019). The use of larger data sets such as in the latter has been argued to be
of significance particularly for linkage and candidate gene studies including
MetS (Monda et al., 2010). Nevertheless, current evidence suggests that the
genetic risk factors for MetS are strongly connected with the components of
MetS, including hyperglycemia and dyslipidemia (Taylor et al., 2013). This
study provides a significant amount of additional information, expanding
knowledge of LPL SNPs which are not widely investigated for MetS.
Moreover, the use of the UKB data as a credible source of a large data set is

a notable strength, addingtot he r e svalaer c h 6 s

65



5.B. Prediction of Confirmed T2D or CVC

Prediction models have been trialled using various parameters,
including risk factors, to estimate the probability of T2D and/or CVD
development in multiple studies using logistic regression and machine
learning approaches (Dinh et al., 2019, Edlitz and Segal, 2022, Joshi and
Dhakal, 2021). These models may aid in formulating preventive measures for
those who may be deemed at risk for develeping the disease. In this study,
the logistic regression model for T2D and CVC had high accuracy, specificity,
and AUC in ROC analysis. Sensitivity was considerably low, except for
rs547644955, and rs116403115 and rs118204057 (Sections 4.D.1-1ll, 4.E.I-
[I1). However, the ROC AUC is regarded as a superior assessment tool for
medical diagnostic evaluation due to the arbitrary nature of specificity,
sensitivity, and accuracy, which is deemed problematic (Hajian-Tilaki, 2013,
Swets, 1988). Therefore, the ROC AUC better distinguishes between healthy
versus diseased population (Metz, 1978), and the models assessed in this
study may be of value (Figure 4 and Figure 5), including the addition of SNPs
particularly for individuals diagnosed with T2D (Sections 4.D.lIl and 4.E.111).

The variant that showed major significance for both T2D and CVC was
rs547644955 (Sections 4.D.IV and 4.E.IV). The other two variants with
significance for T2D were rs116403115 and rs118204057 (Section 4.D.1V).
There appear to be no substantial publications for rs547644955 and
rs116403115; therefore these findings may pave the way for a greater
understanding on these SNPs and clinical applications (e.g. diagnosis,

prevention, treatment) for individuals identified with these SNPs. There were a
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few reports directly associated with the variant rs118204057, including
heritability in ethnic groups (Gagné et al., 1989, Henderson et al., 1992,
Paulweber et al.,, 1991). The variant rs268 was the most common in the
cohort studied, and previous publications reported MetS-specific resuts
(Franceschini et al., 2011, Nejati et al., 2018, Sagoo et al., 2008).
Nonetheless, as the full model for both T2D and CVC diagnosis had good
predictability based on the ROC analysis, these may be have research value
in addition to mentioned clinical applications, as well as to obesity studies
overall.

Upon exclusion of the genetic parameters on both full models, the
decrease in AUC was marginal (.959 versus .965 for the full model) for T2D
(Results section B, D), while that for CVC may be considerable (.772 versus
.837 for the full model; Results section C, D). Although the clinical relevance
may need further investigation, the availability of the fifteen variables used in
the model (i.e. age, sex, weight, height, BMI, WC, HC, systolic BP, diastolic
BP, number of days per week of moderate physical activity, diet variation,
smoking status, alcohol drinking status, random blood glucose, HbAlc) are
readily accessible or easily obtainable in routine healthcare settings. T2D,
although related to CVD through several similar risk factors, is itself a known
risk factor for the development of CVD, but the reverse does not seem to be
true (Dal Canto et al., 2019, Einarson et al., 2018, Kelsey et al., 2022). This
consideration primarily influenced the selection of PRSs for the full models in
the T2D and CVC diagnosis prediction models. The full model for CVC
diagnosis was trialled with the addition of PRSs for T2D and glycated

haemoglobin, however the result of the AUC in ROC analysis did not differ
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(result not presented). The American Heart Association (AHA) has recently
published (2022) a scientific statement regarding PRS for CVD as well as
other related conditions such as T2D (O'Sullivan et al., 2022). PRS is
normally derived from single nucleotide variant effect sizes from GWAS then
adjusted for linkage disequilibrium (Choi et al., 2020), and large
biorepositories such as the UKB provides these data as what has been used
in this study. As per summary of the AHA statement, the utility of PRS for
CVD and associated disorders appears somehow different based on specific
disease states as evidenced by various research. In CVD, CAD is the most
studied form in terms of PRS research and its use is mainly geared towards
pharmacological management (Damask et al., 2020, Khera et al., 2016, Said
et al., 2018). In T2D, earlier studies point to similar utility of PRS with clinical
factors, while more recent evidence suggests that PRS may be additive to the
latter (Mars et al., 2020, Meigs et al., 2008, Talmud et al., 2010). Yet other
studies suggest unclear significance of T2D high-risk identification (Hivert et
al., 2011, Said et al., 2018). These findings are relatively in accordance with
the results of this research in terms of ambiguous usability of PRS addition to
the prediction model. While some studies suggest PRS for T2D may be useful
for assessing response to sulfonylureas (Li et al., 2021) and for glucose
management (Shah et al., 2016), the clinical applications of PRS may be

worth pursuing in this era of advanced genomic investigations.

5.C. Further Discussion Points and Results Implications
In the online resource dbSNP from the NIH National Library of

Medicine, as described, several details regarding SNPs are available such as
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frequency (total frequency and frequency from various ethnicities (e.g.
European, African, Asian, etc.), variant details (such as genomic placements
including sequence name and change; genomic regions, transcripts, and
products), Clinical significance (disease name and clinical significance),
human genome variant society (HGVS) standard, submissions (details of
submitter, submission ID, and date), history, publications involving the SNPs,
and flanks (adjacent nucleotide sequences). It is an easily accessible
reference detailing this information for SNPs, which are used in further
discussion in this section, with a focus on significant results; list for reference
can be found in Appendix 4.

The LPL SNP rs268 (alleles: A>G) has the highest total frequency
(global total frequency = 235,134 as of 02 May 2024) amongst the cohort
studied, which was also observed in this study (i.e. highest n is for rs268,
which was 11,945). There are 29 citations/publications listed which involve
this SNP (also the highest among the SNPs of interest in this study). The
clinical significance was mostly familial hyperlipidemia (pathogenic or risk
factor) and hyperlipoproteinemia type 1 (uncertain significance), along with
benign results and conflicting interpretations of pathogenicity. In this study,
rs268 was significantly associated with confirmed diagnosis of both T2D and
CVC. For prediction of confirmed T2D, however, the sensitivity for rs268 was
low (42.5%), particularly in comparison to the three other SNPs
(rs116403115, rs118204057, and rs547644955), which had sufficient number
of participants for analyses 7 these three other SNPs, in fact, had a sensitivity
of 100.0%. For prediction of confirmed CVC, the sensitivity for rs268 was low

(36.9%), although this time, two of the three (rs11542065, rs118204057,
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rs547644955,) other SNPs also had low sensitivity (50.8% and 33.8% for
rs11542065, rs118204057, respectively) while rs547644955 had a good
sensitivity of 75.9%. It is important to note here, however, that AUC is a more
reliable measure, as discussed, and for both the full models for T2D and CVC,
AUC were acceptable (AUC = .965 and .867, for T2D and CVC, respectively).

The LPL SNP rs268 is one of the LPL SNPs, which may be of further
interest for research primarily because of its highest global frequency in the
cohort studied compared to the other SNPs in this study. It is a coding
sequence variant, with missense functional consequence, and located at

chr8:19956018 (GRCh38.p14).

5.D. Current Conventions and Future Directions
As discussed, pharmacogenetics and pharmacogenomics are two of

the most direct benefactors of genetic and genomic studies in different
diseases including T2D and CVC for preventive and therapeutic benefits while
minimizing adverse drug reactions. The primary focus of the study of
pharmacogenetics is on single genes, while the effects of numerous genes in
the genome are investigated in pharmacogenomics. There are several
references online that provide comprehensive data on drug details including
pharmacological, molecular, and chemical information such as DrugBank
(https://go.drugbank.com/), PharmGKB (https://www.pharmgkb.org), ChEMBL
(https://lwww.ebi.ac.uk/chembl), PubChem (https://pubchem.ncbi.nlm.nih.gov),
KEGG DRUG (https://www.genome.jp/kegg/drug), and Therapeutic Target
Database (TTD; http://db.idrblab.net/ttd/). These platforms have their own

focus (eg. drug and drug target information for DrugBank, pharmacogenomics
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for PharmGKB, chemical molecules and their activities in biological assays for
PubChem), and are readily accessible for biomedical scientists worldwide.
Although pharmaceutical profiling was beyond the scope of this
research particularly given its retrospective nature, it is valuable to provide a
brief background on the application of these disciplines in T2D and CVD to aid
in understanding on what we currently know on these diseases. In addition,
this will help solidify the impact and contribution that this particular study
provides in this field, being one of the springboards for further investigations
on the evaluated LPL SNPs, given that only a considerably small number of
reports have been published. As such, this section outlines the different
conventional drug classes, drug examples, associated genes, mechanism of
action, and other drug type-specific parameters for T2D (5.D.1) and CVC

(5.D.1I).

5.D.1. Pharmacogenetics in T2D

The following texts are all derived and/or summarized from at least one
or combination of the presented references on this sentence (2016b, 2016a,
Dawed et al.,, 2016, Garber et al., 2015, Gentilella et al., 2019, Gloyn and
Drucker, 2018, Hieronymus and Griffin, 2015, Mannino et al., 2019, Rodbard,
2018, Srinivasan et al., 2018, Zhou et al., 2016). Accordingly, these texts are
italicised without specific referencing for each paragraph or section. Genetic,
genomic, or SNP associations, linkages, or connections to drug types/classes
presented on this section refer to any or combination of literature on the effect
of genes, genotype, genetic variants or SNPs to drug interactions,

metabolism, safety, efficacy, response, use and other drug-related factors
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encompassing clinical pharmacology (e.g. pharmacokinetics,
pharmacodynamics, toxicology).
Biguanides

Next to lifestyle modification measures, which primarily come in the
form of diet and physical activity, the use of metformin is usually the first-line
medication for T2D in the absence of contraindications such as severe renal
or hepatic insufficiency. The liver is the major site of action for Metformin,
which belongs to the drug class of biguanides. It has been known to be
associated with several genes including SLC22A1, SLC22A2, SLC22A3,
SLCA47A1, and SLC47A2, ATM, and IRS1. Numerous studies since year 2007
have investigated metfor mi ndos p h
phenotypes and specifying gene variants involved. The main advantages of
metformin over other diabetes therapies include good safety profile, cheap
cost, and effectivity. Evidence also suggests that it may aid weight loss and
may be used for T2D prevention and polycystic ovary syndrome (PCOS)
treatment. One of its known main disadvantages, however, is its insufficiency

as a monotherapy to meet glycaemic control.

Sulfonylureas

Sulfonylureas are previously considered as the first choice for T2D
management, but are now used as the second-line treatment in combination
with metformin. Its primary site of action is the pancreas where it directly
stimulates insulin secretin from the beta cells. Associated genes include
KCNJ11, ABCCS8, CYP2C9, and TCF7L2. Reported benefits of sulfonylureas

include intensive glucose control for several years and reduction in
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cardiovascular events as well as decreased all-cause mortality during longer-
term follow-up. Its primary weakness, however, is increased rates of

hypoglycaemia and weight gain.

Dipeptidyl peptidase (DPP)-4 inhibitors

Also known as gliptins, DPP4 inhibitors are classified as incretin
mimetics because they inhibit a key enzyme in the incretin signalling pathway.
They mainly act in the intestines and are linked with CYP3A4, CYP2C8, and
TCF7L2 genes. The increasing use of DPP4 is essentially attributed to its
good safety profile. As they are relatively new in the market, very few
pharmacogenetics studies have been conducted. The liver is not important for
the elimination of gliptins as their main mode of clearance is by renal

excretion.

Thiazolidinediones (TZDs)
TZDs are a group of drugs that act on adipose tissue to increase
glucose utilization and decrease glucose production. Primary associated gene
is PPAR-0 ; ot her s i nclude ADI POQ1, CypP2C8, C
Inconsistent outcomes have been reported which may be attributed to
differences on type of TZDs used, treatment duration, inclusion criteria,
baseline metabolic conditions, and ethnicity. Major cause of the limited use of
TZDs has been attributed to severe adverse events such as heart failure,

myocardial infarction, and bladder cancer.
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Sodium-glucose transporters (SGLT)-2 inhibitors

Also called gliflozins, SGLT-2 inhibitors reduce hyperglycemia through
glucose elimination via urine, thereby acting in the kidneys. So far, there have
been no definitive pharmacogenetics studies, however, which directly relates
genetic variants and SNPs in response to SGLT2 inhibitors. Hence, more
genetic studies including long-term outcomes of the use of SGLT-2 inhibitors

for the management of patients with T2D are called for.

U-glucosidase inhibitors

T h e -gludosidase inhibitors are primarily represented by the drug
acarbose, which inhibits the upper gastrointestinal enzymes (alpha-
glucosidases) that convert polysaccharide  carbohydrates into
monosaccharides thereby decreasing glucose absorption in the intestines.
Associated genes for drug efficacy/toxicity include PPAR-2 , HNF 4 A, and

LIPC.

Glucagon-like Peptide-1 (GLP-1) receptor agonists (RAS)

GLP-1 RAs have well-established safety and efficacy profiles in
patients with T2D. They enhance prandial insulin secretion in the pancreas
and can either be long-acting or short-acting. GLP-1 RAs are known to have
excellent potency in reducing HbAic and mean glucose, improving fasting
plasma glucose, and inducing weight loss. They are likewise recognized to
have cardioprotective effects. Although gastrointestinal side-effects were
observed, this tends to diminish over time. Associated genes with GLP-1 RAs

have not yet been identified.
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Meglitinides

Meglitinides are short-acting glucose-lowering drugs which exert their
effects via pancreatic beta cell receptors. Similar to sulfonylureas, they act by
increasing insulin secretion, although they are distinct in structure. Implicated
SNPs associated with T2D include KCNJ11, KCNQ1, UCP2, NAMPT, MDRI,

PAX4, NEUROD1, and SLCO1B1.

Amylin mimetics

Most known in this group of anti-diabetic drugs is pramlintide, a
synthetic amylin analog acting on pancreatic beta cells. It works by
suppressing glucagon release in response to caloric intake, delaying the rate
of gastric emptying, and stimulating the satiety center in the brain to limit
caloric intake. Although it offers favorable effects to body weight, the risk of
hypoglycemia is increased along with other adverse effects. Not much is

known on the pharmacogenetics of this drug class.

5.D.Il. Pharmacogenetics in CVC

Similarly, pharmacogenetic applications for CVC are also gaining
popularity. A systematic review on pharmacogenetics in CVD published in
2012 outlined the readiness for clinical use (Verschuren et al., 2012), while a
newer report in 2023 supports the additive role of pharmacogenomics in
improving patient care and treatment outcomes (Saleh et al.,, 2023). Yet
another two recent publications in 2024 (Ingelman-Sundberg and
Pirmohamed, 2024) and 2023 (Padmanabhan et al.,, 2023) provided

perspective and evaluations on the current role and applications of
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pharmacogenetics and pharmacogenomics in CVD therapeutics in particular,
and of precision medicine in general.

As with how the drug classes have been presented for T2D in the
preceding section, the following texts summarize the most common CVD
medications used and the underlining genetics involved - these are all derived
from at least one or combination of the presented references on this sentence
(Ingelman-Sundberg and Pirmohamed, 2024, Padmanabhan et al., 2023,
Saleh et al., 2023, Verschuren et al.,, 2012). As such, these texts are
italicised without specific referencing for each paragraph or section. Also as
with the preceding section for T2D (5.D.l), genetic / genomic / SNP
associations, linkages, or connections to drug types / classes presented on
this section for CVC refer to any or combination of literature on the effect of
genes, genotype, genetic variants or SNPs to drug interactions, metabolism,
safety, efficacy, response, use and other drug-related factors encompassing

clinical pharmacology (eg. pharmacokinetics, pharmacodynamics, toxicology).

Warfarin

Preventing or treating thromboembolism is the main role of warfarin, a
coumarin derivative, which is one of the main stays in CVD therapy.
Significant pharmacogenetic implications of warfarin include interpatient
dosing variability, wherein genetic variation accounts for 55-60%, while non-
genetic factors (e.g. age, BMI) comprise a lower approximate of 20%.
VKORC1, for example, accounts for 25% dosing variability, CYP2CP at

approximately 15%, and CYP4F2*3 at approximately 1-7%. In addition,

76



several CYP2C9 alleles require decreased dose due to reduced clearance of

S-warfarin.

Clopidogrel

Clopidogrel is the most known medication in its class, which is primarily
used as an antiplatelet therapy. Effectiveness of this medication is partly
attributed to genetic variation. CYP2C19 alleles have different metaboliser
phenotypes with clopidogrel (e.g. normal metaboliser, intermediate
metaboliser, or poor metaboliser), while the antiplatelet drugs pasugrel and
ticagrelol are not affected by this genotype. A number of real-world research
have investigated the pharmacogenetic effects of these drugs, including
relative risk of MACE (major adverse cardiovascular events), bleeding risk,

stroke prevention, and effects when used when added to aspirin dosage.

Direct-acting oral anti-cogaulants (DOACSs)

Although studies on pharmacokinetics due to genetic variation have
been done, there are no clinical outcomes reported as yet. However,
genotype sensitivity to dosing and bleeding risks were indicated, including a
report that, compared to warfarin, dabigratan had reduced bleeding risk in

CES1 rs2244613 minor allele.

Statins
Statins is another group of medications, which is a cornerstone of CVD
prevention and therapy with its lipid-lowering capability. On pharmagenetics, it

has been noted that risk of myopathy increases for more than 1.5 times per
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copy of SLCOB1B1*5 in patients on a doubled simvastatin dosage. On
another note, there were inconsistent reports with CYP3A4, ABCB1, COQ2,

and GATM.

Beta-blockers

Beta-blockers are used for the treatment of heart failure, hypertension,
and secondary prevention of myocardial infarction. Although currently, there is
weak evidence for the pharmacogenetics of Beta-blockers, central to its study
is the variations in CYP2D6, which is responsible for the biotransformation of
up to 80% of metropolol oral dose. Other genes associated with
pharmacodynamics rather than pharmacokinetics include ADRB1, ADRB2,

and GRKS5.

Hydralazine

Another medication for hypertension is hydralazine. Some NAT2 alleles
differ in phenotypic characteristics 1 e.g. homozygous NAT2*5, 6, and 7
exhibit slow acetylator phenotype, while heterozygous NAT2*4 and *5 are
intermediate acetylators. A study also reported that the slow acetylator
phenotype had better blood pressure reduction with hydralazine, although
another study indirectly showed that an adverse drug reaction (ADR) in the

form of lupus-like symptoms appear with the slow acetylator phenotype.

Anti-arrythmic drugs
As with beta-blockers, anti-arrythmic drugs are also metabolised by

CYP2D6. Caution in the use of propafenone amongst patients with CYP2D6
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deficiency has been released by the FDA when combined with CYP3A4

inhibition.

Angiotensin-converting enzyme (ACE)-inhibitors

ACE inhibitors are another class of medications for treating
hypertension. The polymorphism most commonly studied in the
pharmacogenetics of this drug is rs4646994. However, results of research
studies are inconsistent in terms of mortality risk and therapeutic response

among others.

5.D.III Pharmacogenetics in T2D and CVC: The Contribution of this
Study in A Nutshell

Based on the aforementioned studies and comprehensive reviews of
pharmacogenetics in T2D and CVC, it is clear that LPL is not a significant
player currently. For instance, dosing requirements for individuals suffering
from T2D or CVC with LPL SNPs, or the risks involved in prescribing the
various drug classes to individuals with these SNPs, are not yet elucidated
nor known, to the best okhowledges andr |&testeekectronite r 6 s
search.

In earlier studies conducted in 2002 (Brisson et al., 2002) and 2014
(Gao et al., 2014), the response to fenofibrate therapy amongst individuals
with LPL genetic variants was investigated, with findings suggesting that
these variants may modulate the response to this therapy (e.g. attenuated
response in the 2014 study). Another study in 2004 (Brousseau et al., 2004)

evaluated the response to gemfibrozil and found that this medication was
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associated with LDL subclass response. Research by Munshi in 2012
(Munshi, 2012) reported that atorvastatin use was associated with poorer
outcomes in stroke patients with LPL gene variants. No further significant
studies were identified via electronic search in Pubmed beyond these.
Consequently, the body of knowledge from this research project may
serve as a notable contributor to the relatively small amount of information
known about LPL, particularly with its role in the development of MetS and
diagnoses of both T2D or CVC as well as preventive and therapeutic
measures relating to pharmacogenomics. This includes stratified medicine or
SM, as previously introduced in Section 2.A.VII T this is defined as grouping
patients based on disease risk or response to treatments (Bell, 2014). In this
context, for example, individuals with the LPL SNPs, or as described in the
medication classes for T2D and CVC, may benefit from SM. SM offers several
potential benefits including obvious clinical (primarily patient care) and
economic advantages, but it also comes with many challenges or
disadvantages i these include timing mismatch (i.e. predictive biomarker
science trails the therapeutic,), and that economic value may be questionable
given cascades of developmental, regulatory, and commercial considerations
(Trusheim and Berndt, 2015, Trusheim et al., 2011). Other difficulties in this
field are complex methods and lack of consistency or consensus in terms of
definitions and strategies (Attar et al., 2019). There are, however, some
propositions on how to address these challenges, such as those from the
study of Trusheim, et al., which outlined the use of multiple variable
stimulations and the selection of optimal research, development and

commercial approaches (Trusheim et al., 2011). Nevertheless, the
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applications of this study and the utilization of all research publications on LPL
to date are of definite importance to the further stratified medicine
investigations for the chronic diseases in question.

Precision medicine is another approach, which is a step further
considering individualized treatments - this was also introduced in the
previous section. There are numerous publications in precision medicine
specifically and integrally for obesity, T2D, and CVD. A recent study by
Szcaerbinski and Florez in 2023 published in the Lancet Diabetes
Endocrinology presented the development of a multi-disease management
algorithm, which is primarily obesity-centred but also targets its comorbidities
(Szczerbinski and Florez, 2023). This again highlights the centrality of obesity
in these diseases and underscores the applicability of precision medicine for

obesity even when the targets are, for example, T2D and/or CVD. Another

study, which i s vsaword, presehtes tha usé¢ or additionad d a y 0

artificial intelligence (Al) to genotyping and deep phenotyping, where Al or
machine learning is used for data integration and relationship exploration
(Subramanian et al., 2020). The UK Biobank is one of the largest
organizational bodies providing a significant platform for such approaches. In
addition to whole genome sequencing, one study has also made use of other
techniques, such as imaging techniques (e.g. magnetic resonance imaging
(MRI)), global metabolomics, a new blood test for prediabetes,
echocardiography (ECHO), electrocardiogram (ECG), and cardiac rhythm
monitoring for the identification of age-related chronic disease risks, signifying
the importance of multidisciplinary approaches in understanding multifactorial

disorders (Perkins et al., 2018).
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Personalised or precision medicine goes beyond the conventional
treatment measures, however, and may also be taken from the preventive
approaches. An interesting new study involving personalised nutrition and
LPL rs268 for the lipid cluster (i.e. one of the study groups in the research
project) presented a protocol for a parallel double-blinded randomised
intervention trial to investigate biomarker-based nutrition plans for weight loss,
with the goal of empowering consumers to prevent diet-related diseases
through omics sciences (which the authors called PREVENTOMICS) - this
was also the article6 s  {Aldubayan et al., 2022). The authors concluded
that the study results are proof of the use of metabolic and genetic biomarkers
in providing personalised dietary treatments for overall health benefits
including reduction in body fat mass. In line with this, on the side of lifestyle
modification, personalised exercise or physical activity may also be a potential
consideration for further study in the management of obesity and
comorbidities. In addition, a combination of both lifestyle and therapeutic
approaches to the stratification or personalization of treatments may prove to
be the optimal strategy in developing treatment modalities for different
diseases including obesity, T2D, and CVD, thus requiring multidisciplinary
healthcare involvement.

In summary, the outcomes of this research contribute valuably not just
on the LPL variants studied, the clinical associations presented, and
conclusions generated, but also to the current understanding on stratified or

personalised medicine for obesity, dyslipidaemia, T2D, and CVC.
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5.E. Strengths and Limitations

The main notable strength of this study is the large number of
participants included in the data analysed. As a result, several statistical
analyses were performed, including the inclusion of individuals with relatively
rare LPL SNPs. Furthermore, the source of the data, the UKB, is highly
reputable source, with regulations and systems in place which are in
accordance and in compliance with universal ethical and regulatory guidelines
(copies of the UK Biobank Material Transfer Agreement and the University of
Staffordshire Research Ethics Proportionate Review are presented in
Appendix 7 and Appendix 8, respectively). Although the majority (90.0%) of
the population was of British ethnicity, the study also involved other ethnic
groups, which may also be an advantage for the applicability of the results.
The remaining 10% comprised of African, Bangladeshi, Black or Black British,
Carribean, Chinese, Indian, Irish, Mixed, Pakistani, White, White and Asian,
White and Black African, White and Black Carribean, and any other (Asian,
Black, Mixed, White) background, with 0.41% who preferred not to say, do not
know, and with no ethnicity information. These classifications generally
correspond to the high-level (five broad groups: White; Asian or Asian British;
Black, Black British, Carribean or African; Mixed or Multiple ethnic group;
Other ethnic group) and detailed (19 categories) ethnic classifications as
being used by the Office for National Statistics (ONS) for England and Wales
(eg. per published ONS 2021 census). The British ethnicity specified as
majority (i.e. 90.0%) as presented throughout this study was White British,
noting that there were, in addition, 11 (<0.10%) individuals specified as White

without further category. Nevertheless, these factors result in concrete
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outcomes and conclusions overall, which may significantly contribute to the
study of obesity and related comorbidities, with a recommendation for future
studies on different ethnicities.

One of the limitations of this study is the use of surrogate marker for
CVD - that is, CVC, which was collectively presented as heart or vascular
problems (HVP) in the UKB data. HVP, as previously discussed, is any or
combination of heart attack, angina, stroke, and high blood pressure or
hypertension. The National Health Service (NHS) in the UK specifies CVD as
four types- coronary heat disease (may be in the form of angina, hear attacks,
heart failure), strokes and transchemic-ischemic attack (TIA), peripheral
arterial disease, and aortic disease. Although it is clear that the components
of HVP are within these types or sub-types, the inclusion of hypertension as
an HVP or CVC, which in turn is also a MetS parameter in itself, may be a
limitation. It is important to note here, however, that hypertension alone
cannot be considered as MetS by itself in binary criteria. In addition,
hypertension is known as a major CVD risk factor, with several of the
discussed current CVD pharmacotherapy classes directly preventing or
treating this condition.

Another minor limitation of the study is the exclusion of serious medical
conditions. In the UKB data, the latter was collectively presented based on a
binary Yes/No information; the details on how this was generated by the UKB
is presented here. In the UKB assessment centre, a verbal interview included
specifying "medical conditions" then "non-cancer iliness code, self reported.”
This then points to data coding (i.e. data coding 6 via UKB), which is a list of

the codes and meanings (freely retrievable via UKB online site). Non-cancer

84



medical condition or disability was defined when one or a combination of the
list of the serious diseases (classified under infections,
immunological/systemic disorders, gynaecology/breast,
haematology/dermatology, musculoskeletal/trauma, neurology/eye/psychiatry,
endocrine/diabetes, renal/urology, gastrointestinal/abdominal, cardiovascular,
and respiratory/ ENT) was identified (i.e.
other serious non-cancer medical condition or disability). To avoid the effect of
those on the results of this study, this group has been collectively excluded in
the study. Although some CVD or CVC and diabetes cases were included,
given the collective entity for presence of non-cancer disease, these were
excluded; only confirmed T2D and CVC diagnosed by a doctor as described
in the UKB data were retained as included in the analyses.

Also worth mentioning as a minor limitation is the minimum age of
participants that UKB includes (i.e. from 40 years old). In the recent age, more
people are receiving a confirmed diagnosis of T2D or CVC at a younger age
(i.e. under 40 years old) (Barker et al., 2022). In hindsight, had the younger
age group been included, the primary impact might have been on the age of
diagnosis and modifiable risk factors rather than genetics, which remain
constant for any individual. Nevertheless, research on younger population
with the LPL SNPs evaluated in this study would certainly add value to the

findings reported on this project.

6. CONCLUSIONS
This retrospective study investigated the association between MetS-

associated LPL SNPs and the progression to T2D and CVC. Significant
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associations were identified between the SNPs rs268, rs11542065,
rs116403115, rs118204057, rs118204061, rs144466625, and rs54764495
and diagnosis of both T2D and CVC. In addition to previous publications with
similar findings as discussed in earlier sections, this strengthens the crucial
role that these SNPs play in the pathogenesis of T2D and CVC, irrespective
of obesity.

There were statistically significant differences in weight, BMI, diastolic
BP, total lipids in lipoprotein, HbAlc, WC, HDL, and LDL between groups,
suggesting that these variants may have different effects on these clinical
parameters. It is important to note, however, that the results of this study do
not signify causation, but only highlight the significant differences in the
specified clinical outcomes in the groups. BMI and WC were found to be
significantly higher in individuals who were diagnosed with both T2D and
CVC. The role of obesity in the development of these two diseases, as well as
the metabolic interrelatedness of obesity, T2D, and CVC are once more
evident in these results. It is paramount to combat obesity or excess weight as
preventive and treatment strategies, with or without pharmaceutical
interventions, for both T2D and CVC. When sexes were compared, men who
were diagnosed with T2D and CVC had slightly increased BMI and WC
compared to women, showing that women may be more prone to developing
T2D and CVC with lesser weight gain. Ethnicity may play a crucial role in this
aspect, however, as well as other factors, and further investigations are
needed to elucidate the outcome differences between sexes.

Models for predicting confirmed T2D and CVC diagnosis were explored

using logistic regression on UKB data. The addition of genetic contribution
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enhanced the AUC values; therefore, the models would better predict
confirmed diagnosis of T2D or CVC. The additive effect of the LPL SNPs and
relevant PRS was more pronounced in the CVC than in the T2D model.
These results are supportive of the important role that genetics and genomics
play in improving the prediction of T2D and CVC progression in addition to the
much earlier established clinical parameters. Improved prediction measures
are beneficial to help prevent the development of these diseases among high
risk individuals.

Of the variants studied, rs547644955 had major significance for both
T2D and CVC diagnoses, with an AUC of 1.0 and .910, respectively. The
SNPs rs116403115 and rs118204057 both had an AUC of 1.0 for T2D
diagnosis. These findings are highly important, and these SNPs are worth
investigating much further in different races and larger cohorts to aid in better
understanding on how they affect the development of T2D and CVC, in
general. In particular, the genetic contribution of these SNPs versus the
environmental and epigenetic factors of T2D and CVC pathogenesis need to
be evaluated in varying populations.

Collectively, the results of this study have implications for stratified or
personalised medicine amongst individuals with the investigated LPL SNPs.
However, additional research is required to further elucidate the effects of

these SNPs in the development of MetS and other obesity-related diseases.

7. PHILOSOPHICAL AND ETHICAL ISSUES
This part of the work is a reflective analysis on the major concerns

surrounding philosophical and ethical issues in biobanks for research
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purposes, particularly clinical research, with a focus on the UK Biobank Ethics
and Governance Framework (EGF), as UKB data was used for this study; no
other additional source of data or material was used. It is composed of an

outline of the UKB EGF and critical appraisal.

7.A. UKB Salient Features
7.A.l. Responsibilities of UKB Staff and Stakeholders

The UK Biobank REG (research ethics and governance) framework
has madeclearrc ut definitions, conditions,
responsibilities to pertinent stakeholders as aforementioned, namely:
relationship with participants, relationship with research users, and
relationship with society. In fact, they have highlighted the significance of this
by making them the main headings (3 out of 4 primary discussion points).
Paramount subheadings are laid out with succinct yet sufficient information to

serve the purpose of this section. They have stressed here that relationships

and

de

with these sectors are the most i mportant

commitment. This is likewise an efficient way to present an organized content,
with the target audience finding it easy to locate what they seek. Hence, this
particular feature of the UK Biobank is commendable and is recommended to

be a model outline for other biobank REG frameworks to follow.

7.A.ll Access
Decisions on access and use are stipulated in the UK Biobank
framework, under relationship with research users, below research access to

data and samples. Proposals are thoroughly reviewed and ensured that they
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are consistent with the participants?o

with relevant ethics approval. It is specified that the Board of Directors will
have the overall decision-making authority, but may also delegate this
responsibility to suitable groups or persons as necessary, such as an Access
Committee. Assurance of public interest is underscored, with existing access
policies and procedures to follow, handling of conflicts and prioritisation of the
use of samples, as well as proper explanation to the public and participants.

This, in this regard, is a good model for other biobanks to shadow.

7.A.lll. Participant selection

The Biobank sought to recruit not only UK locals, but also various
ethnicities in the country to maximize the potential of the project. In lieu of this,
translations of relevant documents were made available for this purpose. This
has a huge impact for epidemiological studies, as well as epigenetics and the
role of environment on various diseases. Societal and cultural aspects are
likewise considered, and may also be ground-breaking, not jut for biomedical
studies, but also for social science investigations. This feature of the UK
Biobank makes it a truly global resource for many scientists across the globe,

in addition to the number of participants half a million strong.

7.B. On Research Ethics and Governance of Biobanks

Of the factors surrounding ethical concerns with biobanks, the primary
aspects most often discussed in literature are: (1) informed consent and
ethical approval; (2) sample and data collection; (3) data privacy and

biospecimen security; and (4) policies and procedures (Caulfield and

89

cons



Murdoch, 2017, Goisauf et al., 2019, Langhof et al., 2018, McGregor and Ott,
2019, Mikkelsen et al., 2019, Morrison et al., 2017, Rheeder, 2017, Thompson

and McNamee, 2017, Verlinden et al., 2016).

7.B.1. Informed consent (IC) and ethical approval

Six applicable consent models (verbal consent, blanket consent, broad
consent, meta consent, dynamic consent, and waived consent) may be used
for research; of which, broad consent that needs to be deep, has been
recommended for biobank use (Mikkelsen et al., 2019, Thompson and
McNamee, 2017).

This broad but deep consent recommended for biobank use requiring
the definition of unambiguous conditions (i.e. limitations, when to re-contact
for special projects involving the use of data and biospecimen) appears to be
agreeable and recommendable. Although no matter how deep this broad
consent may be, there will still be cases or projects where obscurities may be
apparent; in this case, it should be defined that participants need to be re-
contacted and that re-consent will be sought. Conditions should also be
precise when assent is required (specific age cut-off) or dealing with various
vulnerable groups (properly enumerated, classified, and defined; e.g. minority
ethnic/institutionalized groups, persons with disability, socially excluded
groups). In this manner, autonomy and respect for individuals are somehow
served to a higher extent. Additionally, the principles of justice, particularly
when regarded at the context of beneficence, are evidently practiced in that
the value to society far outweighs the burden to the participants in ways

where each individual s rights are
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The approval of the IC or assent, study protocol, and other relevant
documents pertaining to a research project is widely known to be one of the
main responsibilities of the Research Ethics Committee (REC; mostly in
European countries) or the Institutional Review Board (IRB, primarily in the

United States of America (USA)), or similar group, which is also the case in

bi obanks. From here alone, di sparity

which may possibly lead in itself to confusion in the global context.

Furthermore, the role of the REC/IRB in biobanks may also be challenged in

N

that unlike conventional r esear ch where it i's primarily

speak, in the initial stages of research, the need for ongoing monitoring for
biobanks appear essential. This is because numerous research projects may
be proposed hence applied for by various researchers from a similar data set,

unlike conventional research centres where RECSs/IRBs know the

organi zationdés research projects fairly

are thereby suggested.

7.B.1l. Sample and data collection

The resear ch fpranatidnisheetgatainirg @etailsnof the
study as may be suggested by the National Research Ethics Service (NRES)
is read by the participants before the IC is presented, and normally includes
sample and data collection specifics (Kirkby et al., 2012). Minimized risks, in
agreement with the non-maleficence requisite of research, may be evident for
basic data collection, anthropometric measurements, and non- to minimally
invasive sample collection methods (e.g. urine and blood samples). On the

same note, this is debatable for processes, which may involve harm or
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increased discomfort to participants such as biopsies or lumbar puncture for
specimen collection. If the samples are, however, derived from excess clinical
specimens (i.e. from biorepositories) and consent is derived from the patients
for research purposes, then that would be an opposite scenario.
Nevertheless, proper benefit to risk analysis measures should be in place to
assure solidarity in the processes involved.

In biobanks, sample collection may be a one-time event, but data
coll ection may be longitudinal since parti
derived from databases per participantsod c
example, where medical data is centralized and made accessible as allowed,
ethicalconcerns may be raised: Anls justice in
can freely r etbraiséwe timda manom A,f Op acratsiecsu | a
(e.g. What iif the participant #Aforgoto abc
medical detail about himself, he would really wanted to keep it private? What
if the patient instead wanted that unique genetic result from that collected
blood sample be kept to himself, should he just have known?). Scenarios like
these are typically not addressed, but anyone can argue that it is just
impossible to tackle every possible case. Perhaps a group of experts from
different relevant disciplines and from different regions may come up with a
consensus to particularly tackle concerns as these, in general but

comprehensive ways, as suggested by literature (Bernasconi et al., 2020).

7.B.111. Data privacy and biospecimen security
Privacy and security of patient details, medical reports, biospecimen

and any aspect pertaining to the participants are crucial for many facets of
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research, but is particularly applicable to data and sample management. In
practice, access to information from el ectroni c databases suc
clinical profiles or laboratory information management systems (LIMS) is often
restricted to limited personnel within the research department whose
responsibilities are defined and are often documented. Additionally, the use of
passwords on computers and applications or systems is probably the most
utiized method for this purpose. For biospecimen, similar access
requirements are observed. Governing bodies typically composed of a team
of experts who are responsible for reviewing, preparing, and granting access
requests for data and/or samples, often referred to as custodians or
gatekeepers, is pre-identified (Langhof et al., 2018).

Although it may be a given that these personnel are properly trained, it
would be appropriate for transparencyo6s sa
details on this matter, primarily for the information of the participants. The
involvement of rigorous lines of approvals before data or samples are
released, should also be stipulated. An easily understandable flow chart may
be of good use for this purpose, with the appropriate approving post or unit
specified. This may be included in the information sheet for the participants,
as part of the invitation to participate which goes along with the IC form, or in
the biobank website where it is accessible to them and to the public.

Another major element worth mentioning here, significantly applicable
to biobanks and global networks, is data and sample exchange (DSE) across
continents, with governing legal and ethical requirements reported by the
International Clinical Trial Center Network (ICN) (Bernasconi et al., 2020). In

addition to suggestions in literature to address the lack of globally harmonised
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facilitation of DSE, perhaps the first issue to be resolved here is the gravity of
necessity for this exchange. If generalizations or conclusions, for instance, are
desired from various ethnic groups, review articles from already published
research studies may work instead. This way, duplication of work, incurred

expenses, and other associated unnecessary inputs will be avoided.

7.B.1V. Policies and procedures

The lack of globally harmonized policies on the access of bio-samples
is also recognized as an ensuing concern, despite availability of international
guidelines (Langhof et al., 2018). In addition, difficulty to gain access of these
samples, as well as custodianship disputes, have been reported in several
reports (Langhof et al., 2018, Verlinden et al., 2016). The currently available
and internationally recognized or adapted legislations or recommendations for
medical research which may also be applied to biobanks include the the
Declaration of Helsinki, the Declaration of Taipei, the Council for International
Organizations of Medical Sciences (CIOMS) international ethical guidelines
for biomedical research involving human subjects, the Organization for
Economic Co-operation and Development (OECD) Guidelines on human
biobanks and genetic research databases, and the Universal Declaration of
Bioethics and Human Rights (UDBHR) of the United Nations Educational,
Scientific and Cultural Organization (UNESCO) which is in line with the
Declaration on Ethical Considerations Regarding Health Databases and
Biobanks of the World Medical Association (WMA) (Bernasconi et al., 2020,
Rheeder, 2017). In Europe, the General Data Protection Regulation (GDPR)

is accepted as the harmonized legislation, although some deviations are
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all owed depending on the member stateso

range of minimum age for consent (Goisauf et al., 2019, Morrison et al.,
2017).

In addition to these established principles, new and developing
guidelines and standards are getting recognized such as the International
Society for Biological and Environmental Repositories (ISBER) Best Practice
and the International Organization for Standardization (ISO) biobanking
standards (Henderson et al., 2019). Although not a guideline on its own, the
proposal of the Bioresource Research Impact Factor (BRIF) is also worth
mentioning here, which primarily aims to recognize the efforts of individual
biobanks; this however, is not anywhere near wide acceptance (Langhof et
al., 2018). In the UK, the Human Tissue Authority (HTA) is the governing body
that issues licenses to biobanks, the Research Ethics Committees reviews
projects, while data access committees may be in charge with data
requisitions; however, there is no law which is specific for biobanks (Kaye et
al.,, 2016). In addition, the question on which committee should approve
requests for access requests remains controversial (Verlinden et al., 2016).

Overall, the main challenge that biobanks seem to face appears to be
in the standardization and unification of policies, procedures, data
management, and general legislative and ethical framework for all countries to
follow (Bernasconi et al., 2020, Yang et al., 2016). To start off, suggestions
from scholars include adaptation of outcomes from previous
recommendations such as those from the Global Initiative for the Ethical Use
of Human Specimens (GIFT), creation of a group of experts represented by

various regions around the globe for preparation of the legislations, and
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agreement on definition of biobank-specific terms (Bernasconi et al., 2020).
However, this undoubtedly comes with major challenges. Foremost,
which organization or body would volunteer to initiate? Is it, in the first place,
allowed to? From which country? How about funding and resources? And if
any arises, how can cooperation be assured from many existing biobanks
across the globe where various existing country-specific laws and regulations
have also to be considered and approved first despite sincere willingness to
participate? The role and passion of biobank forerunners here are hence
extremely crucial to bring this to fruition. Although this may entail such a long,
laborious process as with many other endeavors, this too shall materialize
given the commitment of even a select few. It is important to stress here alike,
that the voice of representatives from various regions, regardless of
economic, cultural, or social background should always be heard and

considered, to bar discrimination and for a truly harmonized consensus.

7.C. The UK Biobank Ethics and Governance Framework
Rooms for Improvement

7.C.1. Data Privacy

Concerns regarding data privacy in the UK Biobank may be similar to
other biobanks in general in that ongoing data collection from centralized
medical databases, from the NHS in this case, maybe retrieved as per
participantsd consents. The consent
given the wide-ranging scope of NHS record systems (e.g. GP, hospital,
dental, prescription) it can be said that it is a very broad IC indeed. The
recommended broad but deep consent may be applicable here, to address

elements of justice and autonomy among the participants (Mikkelsen et al.,
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2019). Although the framework mentions that participants will be informed
about progress with accessing of records, it also specifies that the consent
shall cover access to full records. This is quite contradictory. When then will
the participants be informed? This is blurry which requires clarification and

further details.

7.C.11. Inclusion Criteria

The UK Biobank recruited participants with age 40-69 years only and
excluded some vulnerable groups (such as those with diminished mental
capacity, the sick, or those uncomfortable with any of the conditions of
participation). Hence the general concerns about assent and these specific
groups are addressed. However, other groups, which may not be eligible
should have been further classified. The framework likewise specified that
actions will be in accordance with the Data Protection Act as well as other
legislations, and also stated that staff were trained to judge the capacity of
potenti al participantsdé eligibility
of this training as well as proficiency outcomes of the training should have
been laid out. Was there a relevant examination for this training to assess the
competency of the staff for this purpose? This shall be a significant

contributing feature of the framework if indeed included.

7.C.11l. Publication and Finances
The UK Biobankds REG framewor k i
publication. Although it is stated that outputs should be published in peer-

reviewed journals, details on selection of proposals as well as pre-publication
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verification (i.e. data analyses and interpretation in addition to peer reviews for
enhanced quality assurance and control) are lacking. Adding this information
to the framework may prove beneficial. For monetary gain to participants, they
have made it precise that no monetary benefits will be given to research
subjects except for request on reimbursement of justifiable expense such as
travel. Any income generated from the resource, it has also been stated, will
be re-invested back to the biobank. A little more detail on this may be called
for, but should also be made available upon request of the different

stakeholders for transparency and accountability.

7.C.IV. Partnership with DNANexus

In September 2021, all UKB data and data access have been
transferred to DNANexus, a cloud-based data management system. This has
posed difficulties amongst users that an online community has been created
where the UKB users may be able to ask questions and help each other to
resolve issues encountered. This is in addition to several online tutorial guides
that were often in the form of videos and written texts. Online assistance via
email to the UKB DNANexus group was also made available. On another
note, security issues in this type of system should be stringent given that very

large confidential data are at stake.

8. REFLECTIVE ANALYSIS
8.A. Thesis Preparatory Requirements
The Professional Doctorate in Healthcare Science curriculum from

University of Staffordshire, formerly Staffordshire University, includes a

98



doctoral research thesis and viva as one of the later requirements for degree
completion. As a ProfDoc (professional doctorate) program, it differs from a
PhD (Doctor of Philosophy), in that it is mainly aimed to improve clinical
practice (Ellis, 2007) while a PhD mainly focuses on academic research.
There appears to be more varied perception on doctorates rather than PhD
though, and the applicability of doctoral degrees to clinical settings has been
suggested to have the need for further clarity and be more streamlined (Ellis,
2007, Rosenfeld et al., 2022). Nevertheless, the Professional Doctorate in
Healthcare Science offered by the university is aimed at developing
|l eadership skills i n t haevhichisesuely valuablet udent s
particularly to individuals who wish to pursue higher-level administrative roles
in the field of healthcare science and related disciplines.

As the research thesis topic is usually chosen within the field of
expertise of the student, it is often a norm to derive the data from his/her place
of work or employment- this is also laid out in the online information for the
program within the university website. There are cases though, that, this may
not be feasible due to data sharing restrictions from the employer, for
instance, which has been the case in this project. Thus, the use of the UKB
data has been proven to be a valuable alternative, including the discounted
access fee that UKB offers to students completing theses in universities
around the world.

As expected, there were steps and approvals involved in the data
access from UKB as well as the need for a Proportionate REC approval from
the university. There have been not much bottlenecks nor issues involved in

these processes, which included signatories of supervisors and university
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representative, attesting administrative organization of both UKB and
University of Staffordshire in this aspect - it has been a smooth process with
these steps.

The particular knowledge gained from these steps include biobank
access processes, research proposal preparation both for biobank and REC,
ethical and practical considerations, high-level coordination with various

stakeholders, efficient communication, and effective organization.

8.B. Conduct of the Study: Bottlenecks and Challenges

The major issue encountered in the conduct of this project was in
relation to data access, particularly data download. Initially, data from the UKB
online resource has been used; however, how the data can be translated to
readable or usable format has been a chief concern, where how-to guides did
not seem to work. In 2021, as described, the data management system has
been transferred via the cloud-based platform from DNANexus i this has
posed another layer of issues which caused further delay in the progress of
the study. As the system was new, many researchers accessing the data
faced various difficulties that personally, different resources, DNANexus and
UKB access teams, as well as resource persons internationally have been
reached out for assistance. With persistence and diligence as well as support
and encouragement from supervisors, the data required for the study has
been eventually properly accessed and downloaded.

There were also other personal situations and circumstances that were
not necessarily hindrances, but are a part of life, wherein formal pauses from

the study were needed. This included pregnancy and childbirth, and migration
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to a new country as well as a new job. Although this caused delay in the
completion of the program, it has been proven to be a healthy approach in
terms of physical and mental well-being, finances and resources, balance with

family and other relational requirements, and other factors. The support of the

supervisors as wel|l as the wuniversi

course of the study have been demonstrated to be helpful and are well-
appreciated.

Also a part of life in general and career move in particular, the transfer
of two main supervisors to different universities while the thesis is being
completed has happened. This did not present significant challenge though,
largely because the main supervisor has been very hands-on as usual. A new
within-the-university supervisor has also been assigned, and has been very
helpful likewise. Hence, collaboration and advice from three supervisors in
three large universities have made the supervision and advice even stronger
and again, well-treasured. The unswerving support of the university
administration and the new program lead has likewise been consistent for
which any student would be grateful. In addition, although on a different note,
other forms of support from the university are also appreciated, including the
provision of the SPSS program license to students for data analysis.

On the aspects laid out in this section, several skills have been honed
including that of adaptability, flexibility, time management, diligence and
coordination. These skills will surely be beneficial to perform duties as a
researcher and in performing leadership positions, hence will surely be
applicable in real-world scenarios not just in the workplace, but also in

everyday life.
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8.C. Research Study: Notes, Impact, and Future Enablers

Although the concept of MetS is known to have begun with its
introduction by G.M. Reaven in the late 1980s, its history dates back way
earlier as literature presents accounts of this disease for approximately a
century (Matfin, 2010). The limited MetS GWAS reports appears to convey a
message that stern scientific attention to MetS may indeed be lacking,
particularly compared to studies involving its individual components such as
obesity, which has much higher number of GWAS reports. This is considering
that the first GWAS was published in 2005 (Loos, 2020).

The country of Korea appears to be the strongest player in MetS GWAS
with the highest number of reports. Although MetS prevalence is growing in
this country (Lim et al., 2011), this is, however, true globally. The challenge
lies in the different MetS definition or criteria in assessing prevalence in
different countries. Moving forward, the need for a unified MetS global
definition may be found particularly beneficial. How this can be attained, may
indeed be challenging, however, because organizations that proposed these
are highly credible authorities in their own entitlements. For these institutions
to, in fact, agree with a MetS definition consensus may be far-fetched, but as
with other proposals, essentially not impossible. A strong will and commitment
from international advocates may indeed be called for.

Nevertheless, Korea seems to be on the right track in the study of MetS in
this sense. Other countries, particularly the first world which are resource-rich
and are already doing intensive molecular studies may need to step up

further. The absence of GWAS from numerous other nationalities is also
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worth noting, with only very few countries and regions represented as yet
accounting for the twelve reports from seven countries. Surprisingly, the total
number of seven studies from Asia is the highest, with Europe as second with
three studies, and North America with one study. Therefore, among the
inhabited continents, no studies have been reported yet from South America,
Africa, and Oceania. Again, this may be a call to countries such as Australia
to pursue MetS GWAS studies.

On another note, advantages of the use of biobanks and similar large data
repositories are evident with the largest number of novel SNPs reported from
the UK Biobank. Tapping on these resources may be found particularly helpful
in the greater understanding of MetS genetics, taking into account various
ethnicities and populations. Certain genetic considerations may also be
investigated such as the female-specific study reported from Korea. With over
120 biobanks in the world, the biggest ones such as Biobank Graz having
millions of derived human samples, the possibilities are seemingly endless
and therefore much more can certainly be done. Circulating adverts to
researchers, students, the academe, and private organizations around the
world about these resources may be found highly advantageous.

Another observation of note is how GWAS results are presented, not just
for MetS studies, but also generally, for other diseases. To have consistent
content, which is normally presented in tables may be found useful for the use
of these resources, such as retrieving all SNPs reported globally. For
instance, required parameters are recommended to always include gene or

nearest gene, chromosome, and position at the least, as much as possible.
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Consistent, stringent quality control procedures for GWAS are also expected
to be in place and explicitly specified or referred to in published manuscripts.

On top of above notes and recommendations, it is important to mention
here that although GWAS investigate genetic contributions of SNPs to human
disorders, prediction of disease risk using GWAS-identified SNPs or SNP
combinations is not well established (Patron et al., 2019). This is therefore
another area that needs to be further explored, including that for MetS.
Moreover, because MetS is linked with increased risk of T2D and CVC, the
occurrence of the latter two chronic diseases subsequently after being
diagnosed with MetS and/or having been tested with MetS-associated
genotype may be interesting to examine.

On pharmacogenetics, the increasing availability and decreasing costs of
genetic analysis may pave the way for greater usefulness of this molecular
level-based technology for this purpose in the future (Gloyn and Drucker,
2018). However, it does not come without major barriers and considerable
bottlenecks. One of the foremost necessities is the resolution of the problem
with big data and its translation to actionable clinical decision system (Aghaei
Meybodi et al., 2017). In addition, there is a big gap in our knowledge base
regarding treatments in population subgroups such as adolescents, the
elderly, and during pregnancy (Gloyn and Drucker, 2018). The use of other
oomicsd6 (e.g. metagenomi cs and met
used to aid our understanding of other complex interacting networks in order
to implement cost-effective and best-tolerated treatment strategies (Aghaei
Meybodi et al., 2017, Scheen, 2016). Nevertheless, personalised medicine in

T2D management is a truly promising tool for T2D treatment and the fruition
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of its role in bedside patient care are dependent on extensive scientific
investigations of varied specializations which are currently evident worldwide,
and should also be similarly applicable to CVC.

Although it may be expected that the implementation of PM for T2D
and CVC management in the future may begin to be a routine practice in first
world countries, slow progress may be observed in third world countries
primarily due to lack of resources and expertise. The role of healthcare front-
runners, medical institutions, and government leaders shall be called for if so,
focusing on strengthening linkages and partnerships with various international
organizations including the private sector. Retention of scientists to their
homeland should likewise be reinforced for this purpose. This is something
that is somehow personally important, coming from a third-world country that
due to lack of opportunities and promise of better generational advantages,
have prompted the desire to move. Indeed, there are so many issues in this
world i health, political, societal, the list goes on; nonetheless, it is with great
hopes that the outputs of this research study would pave a way, in one way or

another, in simpler or bigger ways, a healthier, better world.

8D.The Course, the Degree: Whatodos Next

The findings from this study, the theoretical and practical learning
gained from the thesis and the other courses from this program, the
acquaintances, and all others in-between: what is next, what is next indeed?

Without a doubt, the writing of the thesis has been the most
challenging, laborious, and time-consuming part of the program. But it can be

said that the benefits arguably go beyond the knowledge gained and skills
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developed- it has paved the way for the development of a well-rounded
professional and individual. There is so much more to it than the title, the
single components of the curriculum, or the anticipation of rewards or return of
all that have been invested i collectively, it is somehow difficult to describe,
but overall this achievement is something worth being very, very thankful for.
It has been a huge blessing to embark on this journey, and it is with great
hope and excitement to soon embody what it is to be, what it means to be,

and be of significance as, a Doctor in Healthcare Science.
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APPENDIX



1. Metabolic Syndrome Criteria

1A. Metabolic Syndrome Criteria Summary. Summary of diagnostic criteria for
metabolic syndrome proposed by major international organisations. Criteria include
measures of abdominal/central obesity, lipid abnormalities, blood pressure, fasting
glucose, and other metabolic risk factors, with variations in thresholds across
definitions. Adapted from Kassi et al., 2011.

Criteria for metabolic syndrome (MetS) definitions in adults

World Health Organization criteria (1998)
Insulin resistance is defined as type 2
diabetes mellitus (DM) or impaired fasting
glucose (IFG) (> 100 mg/dl) or impaired
glucose tolerance (IGT), plus two of the
following:

e Abdominal obesity (waist-to-hip ratio >
0.9 in men or > 0.85 in women, or body
mass index (BMI) > 30 kg/m?>.

e Triglycerides 150 mg/dl or greater,
and/or high-density lipoprotein (HDL)-
cholesterol < 40 mg/dl in men and < 50
mg/dl in women.

e Blood pressure (BP) 140/90 mmHg or
greater.

e Microalbuminuria (urinary albumin
secretion rate 20 pg/min or greater, or
albumin-to-creatinine ratio 30 mg/g or
greater).

European Group for the Study of Insulin
Resistance criteria (1999)

Insulin resistance defined as insulin levels
> 75th percentile of non-diabetic patients,
plus two of the following:

e Waist circumference 94 cm or greater in
men, 80 cm or greater in women.

e Triglycerides 150 mg/dl or greater
and/or HDL-cholesterol < 39 mg/dl in men
or women.

e BP 140/90 mmHg or greater or taking
antihypertensive drugs.

e Fasting glucose 110 mg/dl or greater.

National Cholesterol Education Program
Adult Treatment Panel III (NCEP:ATPIII)
criteria (2001)

Any three or more of the following:

e Waist circumference > 102 cm in men,
> 88 cm in women.

e Triglycerides 150 mg/dl| or greater.

e HDL-cholesterol < 40 mg/dl in men and
< 50 mg/dl in women.

e BP 130/85 mmHg or greater.

» Fasting glucose 110 mg/dI* or greater.

* In 2003, the American Diabetes
Association (ADA) changed the criteria for
IFG tolerance from 110 mg/dl to 100
mg/dl.

American Association of Clinical
Endocrinology criteria (2003)

IGT plus two or more of the following:

« BMI 25 kg/m?or greater.

e Triglycerides 150 mg/dl or greater
and/or HDL-cholesterol < 40 mg/dl in men
and < 50 mg/dl in women.

e BP 130/85 mmHg or greater.

American Heart Association/National Heart,
Lung, and Blood Institute (AHA/NHLBI)
criteria (2004)

Any three of the following:

e Waist circumference 102 cm or greater
in men, 88 cm or greater in women.

e Triglycerides 150 mg/dl or greater.

e HDL-cholesterol < 40 mg/dl in men and
< 50 mg/dl in women.

e BP 130/85 mmHg or greater.

e Fasting glucose 100 mg/dl| or greater.

International Diabetes Federation (IDF)
criteria (2005)

Central obesity (defined as waist
circumference but can be assumed if BMI
> 30 kg/m? with ethnicity-specific
values,* plus two of the following:

e Triglycerides 150 mg/dl or greater.

e HDL-cholesterol < 40 mg/dl in men and
< 50 mg/dl in women.

e BP 130/85 mmHg or greater.

» Fasting glucose 100 mg/dl| or greater.
*To meet the criteria, waist circumference
must be: for Europeans, > 94 cm in men
and > 80 cm in women; and for South
Asians, Chinese, and Japanese, > 90 cm in
men and > 80 cm in women. For ethnic
South and Central Americans, South Asian
data are used, and for sub-Saharan
Africans and Eastern Mediterranean and
Middle East (Arab) populations, European
data are used.

Consensus definition (incorporating IDF and
AHA/NHLBI definitions) (2009)

Any three of the following:

e Elevated waist circumference (according
to population and country-specific
definitions).

e Triglycerides 150 mg/dl or greater.

e HDL-cholesterol < 40 mg/dl in men and
< 50 mg/dl in women.

e BP 130/85 mmHg or greater.

e Fasting glucose 100 mg/dl or greater.



1B. Metabolic syndrome criteria comparison. Comparison of diagnostic criteria

for metabolic syndrome from various organizations, outlining the specific criteria for
central obesity, blood glucose, high triglycerides (TG), low high-density lipoprotein

(HDL), and high blood pressure (BP), as well as a number of criteria required for a

diagnosis. Adapted from Fahed, et al., 2022.

Clinical Crtera Diagnosis
Measure Central Obesity Blood Gle High TG Low HDL High BP B
NHLB/I .+ We
" >3 criteria
(Zﬂ?) :gg Eﬂg;)e‘:} o <40mg/dL e >130 mmHg -
¢ 2150mg/dL (men) or systolic and /or
.« WC or <50 mg/dL ¢ >85mmHg
IDE ) e IFG or ¢ on TG fxt (women) or diastolic or >3 criteria one of
(2005) zgg,, gﬁznm}::} o ¢ on high blood ¢ onHDL&xt  » onHIN ixt which should be
[5:6] ) %Bi‘; sr central obesity
» BMI>30kg/m . X
e >130 mmHg
ATPII  WC . (‘;‘ir“’;‘ﬁf dl. " slicand
(2001) >40" (men) or <50mg/dL >85mmHg =3 criteria
[7] >35" (women) (womegn} diastolic or
& on HTN txt
s >140 mmHg
» WC * 2130 <39mg/dl  systolicand
EGIR o [FGor mg/dL * SIme/ e e >3 criteria one of
(1999) 377 (men and =90 mmHg )
18] >37" (men) or s IGT . diastoli which should be IR *
>32" (women) wornen) mﬁﬂTﬁ ;r[
* on
o Waist/hip ratio > o <35mg/dL e >140mmHg
ng;g 0.9 (men) or > * E((IETO; (men) or systolic and >3 criteria one of
0.85 (women) or TIDM dx <39 mg/dL =90 mmHg which should be IR *

(1]

o BMI>30kg/m?

(women) diastolic

Note that [FG is defined as >110 mg/dL in 2001 but this was momdified in 2004 to be >100 mg/dL, IGT is defined
as 2 h glucose >140 mg/dL. * EGIR IR is defined as plasma insulin levels »75th percentile. * WHO IR is defined
as presence of IR or IFG or IGT. Abbreviations: AHA: American Heart Association, ATPIIL: National Cholesterol
Education Program Adult Treatment Panel I1I; dx: diagnosis; EGIR: European group for study of insulin resistance;
Glc: glucose; HDL: high density lipoprotein; HTN: hypertension; IR: insulin resistance; [DF: International Diabetes
Federation; IGT: impaired glucose tolerance; [FG: impaired fasting glucose; NHLBI: National Heart, Lung, and
Blood Institute; TG: triglyceride; txt: treatment; WC: waist circumference; WHO: World Health Organization.



2. Lipid Metabolism Pathway

2A. Exogenous lipoprotein pathway. Chylomicrons, synthesized in the intestine
from dietary lipids, are secreted into the lymph and then the bloodstream. Lipoprotein
lipase (LPL) on the capillary surface hydrolyzes triglycerides (TG) from the
chylomicrons, releasing fatty acids (FA) for use by muscle, heart, and adipose tissue.
The resulting cholesterol ester (CE)-rich chylomicron remnants are then taken up by
the liver via the LDL receptor (LDL-R). Adapted from Feingold, et al., 2000.

‘I\ ?‘Liver
¢
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H r’c’amnant BIOOd
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——— Muscle/Heart/
Adipose tissue

2B. Endogenous lipoprotein pathway. The liver synthesizes very-low-density
lipoprotein (VLDL) particles containing triglycerides (TG) and secretes them into the
bloodstream. VLDL particles deliver TG to extrahepatic tissues via lipoprotein lipase
(LPL). As VLDL particles lose TG, they become intermediate-density lipoprotein
(IDL) and then low-density lipoprotein (LDL), which is rich in cholesterol esters (CE).
LDL is taken up by extrahepatic tissues and the liver via the LDL receptor (LDL-R).
Adapted from Feingold, et. Al, 2000.
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3. Schematic on the relations among LPL aberration, T2D, CHD. Aberration in
lipoprotein lipase (LPL) gene may lead to dyslipidemia, being the shared
intermediate process on the development of the presented diseases.
Hyperglyceridemia, a feature of dyslipidemia, is involved in regulating the B-cell
function, pancreatic B-cell apoptosis and the insulin signal cascades, which
aggravates insulin resistance, which then induces Type 2 diabetes (T2D).
Hyperinsulinemia induced by elevated triglycerides (TG), may be partly responsible
for essential hypertension (EH) by its functions on renal hemodynamics, sodium re-
absorption, retention and vascular hypertrophy. Elevated TG is associated with
atherosclerosis and thromboembolism - both of these are high-risk factors for the
development of coronary heart disease (CHD). Dyslipidemia causing dysfunction of
antioxidation stressi n t he brain may cause Al zhei
Xie, et al., 2010.
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4. LPL SNPs in this Study.

Screenshots of the LPL SNPs in the study from the National Institutes of Health
National Library of Medicine National Center for Biotechnology Information, detailing
the variant as a single nucleotide variant (SNV), and pertinent details as minor allele
frequency (MAF) and Human Genome Variation Society (HGVS) nomenclature.

| rs268 [Homo sapiens|

1.
Variant type: SNV
Alleles: A>G  [Show Flanks|
Chromosome: 8:19956018 (GRCh38)

8:19813529 (GRCh3T7)

Canonical SPDI: NC_000008.11:19956017-A.G
Gene: LPL {Varview)

Functional Consequence; MISsense_variant,coding_sequence_variant

Clinical significance:
conflicting-interpretations-of-pathogenicity,uncertain-significance pathogenic,benign,risk-factor
Validated: by frequency,by alfa by cluster
MAF: G=0.016273/3560 (ALFA)
(G=0.000035/1 (TOMMO)
(G=0.004685/23 (1000Genomes)
..more

HGVS: NC_000008.11:9.19956018A>5, NC_000008.10:9.19813523A=G,
NG_008855.2:.59302A>G, NM_000237.3:c.953A>G, NM_000237.2:c.953A>G,
NP_000228.1:p.Asn318Ser




[ rs11542065 [Homo sapiens]

2

Variant type:
Alleles:
Chromosome:

Canonical SPDI:

Gene:

Functional Consequence:
Clinical significance:
Validated:

MAF:

HGVS:

SNV
C>GT  [Show Flanks]
8:19948304 (GRCh3g)
8:19805815 (GRCh37)
NC_000008.11:19948303.C:G,NC_000008.11:19948303.C.T
LPL (Varview)
missense_variant synonymous_variant,coding_sequence_variant
conflicting-interpretations-of-pathogenicity,likely-benign
by frequency,by alfa, by cluster
(G=0.00018/16 (ALFA)
T=0.10 (TWINSUK)
T=0.00026/1 (ALSPAC)
...more
NC 000008.11:9.19948304C>G, NC_000008.11:9.19948304C>T,
NC_000008.10:9.19805815C>G, NC_000008.10:0.19805815C>T,
NG 008855.2:0.51588C>G, NG _008855.2:0.51588C>T, NM 000237 3:c.213C>G,
NM 000237 3:c.213C>T, NM 000237 2:c.213C>G, NM 000237 2:.213C>T,
NP_000228.1:p.His71GIn




(] 15116403115 [Homo sapiens]

3

Variant type:
Alleles:
Chromosome:

Canonical SPDI:

Gene:

Functional Consequence:
Clinical significance:
Validated:

MAF:

HGVS:

SNV
T=C.G  [Show Flanks]
8:199862117 (GRCh38)
8:19819628 (GRCh37)
NC_000008.11:19962116:T:C,NC_000008.11:19962116:T:G
LPL (Varview)
coding_sequence_variant,missense_variant
uncertain-significance,conflicting-interpretations-of-pathogenicity
by frequency,by alfa, by cluster
G=0.0005351104 (ALFA)
(G=0.000156/1 (1000Genomes)
(G=0.000267/21 (PAGE_STUDY)
..more
NC_000008.11:9.19962117T>C, NC_000008.11:9.19962117T>G,
NC_000008.10:9.19819628T>C, NC_000008.10:9.19819628T>G,
NG _(08855.2:9.65401T=>C, NG_008855.2:0.65401T>G, NM 000237 3:c.1326T=C,
NM_000237 3:c.1325T>G, NM_000237.2:¢.1325T=C, NM_000237.2:c.1326T>G,
NP_000228.1:p.Vald42Ala, NP_000228.1:p.Valdd2Gly




(] 15118204057 [Homo sapiens]

4,
Variant type: SNV
Alleles: G>AC  [Show Flanks|
Chromosome: 8:19954222 (GRCh38)
8:19811733 (GRCh37)
Canonical SPDI: NG_000008.11:19954221:G:A NC_000008. 11:19954221:G:C
Gene: LPL (Varview)
Functional Consequence: coding_sequence_variant, missense_variant
Clinical significance; ~ Paihogenic-likely-pathogenic,conflicing-interpretations-of-pathogenicity pathogenic
Validated: by frequency,by alfa,by cluster
MAE: A=0.000271/54 (ALFA)
A=0.000132/16 (EXAC)
A=0.000142/2 (TOMMO)
.more
HGVS: NC 000008.11:9.19954222GA, NC 000008.11:9.19954222GC,
NC_000008.10:9.19811733G=A, NC_000008.10:.19811733G>C,
NG 008855.2:9.57506GA, NG 008855.2:0.57506G>C, NM_000237 3:c.644G2A,
NM 000237 3:c.644G>C, NM 000237 2:c.644G>A, NM 000237 2:c.644G3C,
NP_000228.1:0.GIv215Glu. NP 000228.1:0.GIv215Ala
(] 15118204061 [Homo sapiens]
3.

Variant type:
Alleles:
Chromosome:

Canonical SPDI:

Gene:

Functional Consequence:
Clinical significance:
Validated:

MAF:

HGVS:

SNV

T>C  [Show Flanks]

8:19954240 (GRCh38)

8:19811751 (GRCh37)

NC_000008.11:19954230:T:C

LPL {Varview)

coding_sequence_variantmissense_variant
pathogenic-likely-pathogenic,conflicting-interpretations-of-pathogenicity, pathogenic

by frequency,by alfa,by cluster
=0.000062/7 (ALFA)
C=0.0 (PAGE_STUDY)
=0.000008/1 (EXAC)
...more

NC_000008.11:9.19954240T>C, NC_000008.10:9.19811751T>C,
NG_008855.2:9.57524T>C, NM_000237.3:c.662T>C, NM_000237.2:c.662T>C,
NP_000228.1:p.lle221Thr




(] rs144466625 [Homo sapiens]

6.
Variant type: SNV
Alleles: G>A  [Show Flanks]
Chromosome: 8:19956063 (GRCh38)
8:19813574 (GRCh37)
Canonical SPDI: NC_000008.11:19956062:G:A
Gene: LPL (Varview)
Functional Consaquence: coding_sequence_variant missense_variant
Clinical significance: conflicting-interpretations-of-pathogenicity,pathogenic
Validated: by frequency,by alfa,by cluster
MAF: A=0.000174/4 (ALFA)
A=0.000048/12 (GnomAD_exomes)
A=0.000049/6 (EXAC)
...more
HGVS: NC_000008.11:g.19956063G>A, NC_000008.10:9.19813574G=A,
NG_008855.2:0.59347G=A, NM_000237.3:c.998G=A, NM_000237.2:c.998G>A,
NP _000228.1:p.Arg333His
(] 15547644955 [Homo sapiens]
1.

Variant type:
Alleles:
Chromosome:

Canonical SPDI:

Gene:

Functional Consequence:
Clinical significance:
Validated:

MAF:

HGVS:

DELINS
T TT  [Show Flanks]
8:19948166 (GRCh38)
8:19805677 (GRCh37)
NC_000008.11:19948165: TTTTT.TTTT,NC_000008.11:19948165: TTTTT.TTTTTT
LPL (Varview)
intron_variant
conflicting-interpretations-of-pathogenicity
by frequency,by alfa by cluster
TTTT=0.00204/47 (ALFA)
-=0.000939/236 (GnomAD _exomes;)
-=0.001195/145 (ExAC)
..Imore
NG 000008.11:g.19948170del, NC_000008.11:9.19948170dup,
NC 000008.10:9.19805681del, NC_000008.10:0.19805681dup, NG _008855.2:9.51454del,
NG 008855.2:9.51454dup




5. Reported Metabolic Syndrome (MetS) Single Nucleotide Polymorphisms
(SNPs) from publications in Genome-wide Association Studies (GWAS)
Central.

Screenshots as reported from specified publications presented.

Adapted fronKraja, etal., 2011
A summary of STAMPEED B-meta-analyses of the most significant resulis

Meta  Homog.
(Gene Variant Trait Ch  Podtion Mefa-p MetaSE P Pvalie Coded Genotype
GCKR rsT80093  TGBP 2 27506107 018 003  30E10 070 A AG
GCKR 1s/80093  WCTG 2 27506107 019 003  19E12  0.64 A AG
C2onf16 11919128 WCTG 2 2765263 018 003  20E0  0.82 A AG
INF512 rs13022873  WC-TG 2 27660014 017 003  HOEDO 047 A AC
CCchC121 3749147 - WCTG 2 2T7e422 018 003  14E00 079 C CIT
ABCBI11 rsb608056  HDLCGLUC 2 169401126 016 003  85EM8 046 A AT
TFAPZB rs206277  WCGLUC 6 50006485 017 003  13E07T 0.7 A AG
(LOC100129150)  rs2987289  HDLCTG 8 0220768 025 004 LIE 054 A AG
(LOC100129150) rs2087289  HDLCWC 8 0220768 024 004 3TEO8 058 A AG
LPL rs205 MetS§ 8§ 19860618 017 003  LTEDO 047 A AC
LPL rsill HDLC-WC § 19861214 022 003  32E1l 058 C CIT
LPL rs13702 HDLCTG 8§ 10868772 029 003  1OEI6 067 A AG
LPL 115285 TG-BP 8§ 1986847 027 004  13EI0 065 A AG
(LPL) rs2197080  TG-GLUC § 19870653 018 003  16E00 100 C CIT
(LPL) rsl441756  BPHDLC § 19912666 018 003  2TE08 043 G G/T
(TRIBI) rs2064026  HDLCTG 8 126663708 016 003  TOEM0 046 G G/T
(TRIBI) rs2064033  TG-BP 8 126562028 017 003  8BEMO  0.55 A AG
(LOCI00128354) rsl387153  BPGLUC 11 92313476 -019 003  BIE® 048 C CIT
(LOCI00128354) rs1387153  HDLCGLUC 11 92313476  -021 003  24E00 049 C CIT
(LOCI00128354) rsl0830956 TG-GLUC 11 92320661 -020 003  48E11  0.67 C CT
BUDI3 rsl1825181 TG-BP 11 116131468 032 006  30E00 098 A AG
BUDI3 rsl18206890 TG-GLUC 11 116130072 032 006  H5ED 083 A AG
BUDI3 1sl0790162  HDLCTG 11 11614314 038 006  28E15 0.4 A AG
BUDI3 rsl0790162  MeiS 11 11614314 026 004  H4ED 0.4 A AG
BUDI3 rsl0790162  WC-TG 11 116144314 039 006  6G6E16  0.70 A AG
INF259 rsl1823643 TG-BP 11 116154345 0356 006  25E09 100 A AG
INF259 rs12286037 TG-GLUC 11 116157417 032 006  LIEO8 086 C CIT
INF259 rs2075200  HDLCTG 11 116158506 039 006  LGE-M4 030 C CIT
INF259 rs2075200  MetS 11 116158506 026 004  21E08  0.64 C CIT
INF259 rs2075200  WCTG 11 116158506 041 005  LIEW6 0.4 C CT
APOAS rs266788  HDLCTG 11 116165896 039 006  46E13 036 C CIT
APOAS rs2266788  MetS 11 116165896 026 004  LO9EO  0.66 C CIT
APOAS rs2266788  TG-BP 11 116165896 037 007  35E08 018 C CIT
APOAS rs266788  WC-TG 11 116165806 041 005  22E16  0.92 A AG
(LIPC) rsl0468017 HDLCWC 15 56465804 016 003  HAEO8 047 C CT
(LIPC) rs20430856  HDLCGLUC 15 6468246 017 003  13E08 083 A AG
(CETP) 1173630 HDLCTG 16 bob4sb45 026 003  45E16 061 C CIT
(CETP) rsl73530  HDLCWC 16 555456456 020 003  10EI6  0.65 C CIT
(CETP) 173530 MetS 16 bhb4sb45 016 003  QIE8 041 C CIT
(CETP) rs3764261  BPHDLC 16 bBhBHOR26 020 004  33E13 043 G G/T
CETP rs¥30224  HDLCGLUC 16 55560233 031 005  6OE12 046 G G/T
LOCI100129500  rs430401  HDLCTG 19 50106201 024 004  LOE8 044 C CIT




Adapted fronKristianssongt al, 2012.

HDL © MetS TG F1 F2

o

GLU DBP F3 SBP  INS HOMA-IR Waist

SNP

rs268
rs964184

* %

* %

*%k

*%

*%

*

*%

*%

*%*

rs780094

*k

ekkk

rs12985380
rs12664617
rs576859
rs9940128

rs4846922
rs157582
rs10830962
rs3757840
rs1127065
rs6947830
rs3099844
rs1883025
rs560887
rs782590
x | rs8071545
rs6533705
rs13226650
rs7841189
rs1532085
rs247617
rs8060686
rs10838681
rs6711016
rs673548
rs6728178

Mearest gene

LPL
APOA1/C3/A4/A5
GCKR

ETFB
TMX2,CTNNDI
FT0

GALNTZ

APOE

MTNR1B

GCK

CAMK2B
DGKB,TMEM195
MICB,HCG26
ABCA1
G6PC2,ABCB11
SMEK2

RNF157
CAMK2D
MLXIPL

LPL
LIPC_ADAM10
CETP

EDC4

NRIH3

(LD with APOB region)
APOB

APOB

0.1 0.2
Adapted fromShim, et al2014.
Table 2. Significant SNPs associated with metabolic syndrome in the discovery phase of GWAS
p-value
Chromosome SNP BP Nearby gene Minor allele
Unadjusted Bonferroni-adjusted
12 rs11066280 111302166 C12orf51 T 1.38E07 0.043
12 rs2074356 111129784 C12orf51 T 4 2507 0133
12 rs12229654 109898844 MYL2 G 3 O0OE-06 0937

SNP, single-nucleotide polymorphism; GWAS, genome-wide association study; BP, base pair.

Adapted fronLin , et al.,, 2017

Table 2: Odds ratio analysis with odds ratios after adjustment for covariates between the MetS and two SNPs (including
APOAS5 15662799 and COLECI2 rs16944558) with genome-wide significance.

Additive model Dominant model Recessive model
Gene SNP Chr | Al | A2
OR 95% CI P OR 95% CIL P OR 95% CI P
APOAS 15662799 11 G |A |125 1.14-1.37 3.7x10° (140 127-156 |[1.2x10"° 1.35 1.13-1.62 0.0012
COLEC]2 |1s16944558 |18 120 1.12-1.30 12x10° | 140 125-157 [1.3x10° 1.18 1.04-134 0.0101




Adapted fromzhu, et al.(2017).

Table 1 SNPs associated with metabolic syndrome with genome-wide significance in combined analyses

Phenotype __ SNP Chr Posilion (bp) _ Gene  Alleles™  MAF __ Stages N OR (95% CI) Pvalue P-heterogeneity

MetS 1s651821 11 116662579  APOA5 O 028  Discovery 1742 1.30(1.10,149) 61 x10% -
Replication | 1580  1.31(1.05,156) 28 x 107 018
Replication |1 2494 1.27(1.09,146) 19 x 107 0.06
Replication 11 6113 127 (1.16,137) 23 x10°%® -

Combined 11929  1.28(1.20,1.36) 42 x 1077 099

MetS 15671 12 112241766  ALDH2 NG 029  Discovery 1741 068(059,079) 10x10% -
Replication | 1581 080 (0.63,096) 29 x 107 0%
Replication 1 2359  0.80(067,093) 55x10°% 056
Replication Il 6759 070 (064,075 13 x 107" -

Combined 12440 0.71(067,076) 54 x 100% 029

Adapted fronLee et al, 2018

rs1106575% |CCDCE3 |12 |A/G |047 | 109823177 |9.58x10°° 088 | <001 |001 097 | 072 |243x10° |093 |004
rs10849915 |CCDCe3 |12 |G/A |08 | 109818005 | 1.82x10°% |0.88 |<0.01 |0.02 09 | 069 |78x10° |092 (003
rs17482310 | LPL 8 |T/IC [020  [19910554 | 955x10°®| 087 | <001 |391x107 {074 |<001 |668x10°" |080 |268x10°F
rs3782889 | MYL2 1 |CT 047 [ 109835038 [ 4191077 {087 |<001 [0.01 09 | 064 |148x10° |091 |02

Table 1. Novel common SNPs" for metabolic syndrome achieving genome-wide significance in Korean
population. "SNPs not previously reported in GWAS of any other MetS traits. Chr, chromosome; MAF, minor
allele frequency; OR, odds ratio; Py, P for multivariate analysis.

Adapted fromMoon, et al, 2018
Table 2 Three SNP pairs that were significant only in the multi-SNP-multi-trait analysis

SNPpair  CHR  Position Gene Annotation  Single-multi P value Multi-multi P value
(hg19) (A Bonferroni-adjusted P value of discovery
stage=145x107)

Discovery  Replication  Meta Pvalue  Discovery  Replication ~ Meta P value
7107152 11 117056080 51012 Intronic 25001 B43E 551E01 1.40E-08 232603 817610

1242229 11 117062370 51012 Intronic 53903  7e8ED2  3H4E03
10892876 11 122540281 UBASH3B  Intronic 293801 12700 1.60E-01 334E-12 382803 421813

12290043 11 122540528 UBASH3B  Intronic 162E01  1.46E01 112801
rsBB6126 12 111679214 (U2 Intronic 351E01T 17901 23701 508E-13 335603 597E14
2078851 12 111680579 (U2 Intronic 731E05  663E02 642805

Single-mult P value P value from a single-SNP-mutti-trait assodation analysis, mult-multi P value P value from a mult-SNP-multi-tralt association analysis, CHR chromosorme,
Meta Pvalue P value from meta-analysk




Adapted fronKong, et al, 2019

Table 2 Metabolic syndrome (MetS) associated loci in females. Discovery stage was GWAS for MetS in each sex-stratified group of KARE study. Overall association results (Ppera)
were obtained from meta-analyses combining Discover (KARE) and Replication (Rural1816, Rural3667 and HEXA) stages

CHR SNP BP Candidate gene  EA EAF Female Male Combining female &
(GRCh37) Discovery Replication Overall male

KARE Rural1816 Rural3667 HEXA

OR  Pkare  OR  Promngie OR Promiesr OR Pupxa  OR Prew N OR Praa N OR Prea N
1 152209363 187,163,851 LINCO1036 C 018 067 532604 - - 072 127602 - - 069 211E-05 2496 1.08 364E-01 1870 088 4.24E-02 4366
2 15768072 160233383 BAZ2B T 025 072 766E04 - - 072 108E-02 - - 072 241E-05 2596 096 572E-01 1922 082 234E-04 4518
2 5284544 217309111 SMARCALT A 021 151 165E04 - - 136 177602 - - 144 106E-05 2572 097 725E-01 1907 115 101E-02 4479
2 rs284541 217,368,839 RPL37A T 020 151 256604 - - 134 290E02 - - 143 266E-05 2531 092 328E-01 1879 112 45902 4410
2 152012243 217412087 LOCI01928180 A 021 150 177604 - - 130 398E-02 - - 141 277605 2599 093 359E-01 1924 111 645602 4523
6 rs10947646 36881535 C60rf89 G 002 033 266E04 - - - = 035 4976-02 034 346E-05 3196 148 9.18E-02 2353 078 1.28E-01 5549
8 152283113 17880243 PCM!I A 047 132 142803 - - 131 115602 - - 131 4776-05 2524 107 310E-01 1869 1.18 361E-04 4393
9 1516923249 5592,145  PDCDILG2RICT A 003 044 426604 - - - - 039 289E-02 043 346E-05 3214 102 920E-01 2360 073 1.28-02 5574
13 159568558 51810953  FAMI24A G 026 133 477603 - - 139 111602 124 175601 132 498E-05 3436 099 860E-01 2466 1.3 969E-03 5902
13 159516416 95103694 DCT C 013 068 296E-03 068 371E01 - - 055 2.16E-03 064 204E-05 3166 100 964E-01 2325 082 417603 5491
13 156492111 109,055,846 TNFSFI3B-MYOI6 C 002 035 383E-03 096 966E-01 - - 031 174E-03 035 347605 3176 075 291E-01 2325 054 751E04 5501
16 154072617  20,178590  GPRI39 A 019 136 383E-03 141 47001 136 3.02E-02 154 291E-03 141 284E-06 3954 097 636E-01 2857 1.15 4.09E-03 6811
19 rs8107274 37285393 ZNF790 C 003 45 527604 - - 226 134602 - - 291 492E-05 2579 085 467E-01 1908 140 294E-02 4487
21 rs2827976 24600783 [OC105372747 G 019 069 547E-04 061 150601 - - 072 374E-02 070 199E-05 3205 097 687E-01 2357 083 82804 5562

Information for the SNP ID and chromosomal position is based on NCBI genome build 37/hg19
The “'sign indicates data not available
CHR chromosome, BP Physical position (base-pair), FA effect allele, EAF effect allele frequency, OR Odds Ratio, N sample size of meta-analysis combining cases and controls



Adapted fronLind, 2019.

TABLE 2. GENOME-WIDE ASSOCIATION STUDY OF METABOLIC SYNDROME (BINARY) DisCLOSED 93 INDEPENDENT Loct witH P<S5x 107"

SNP Chr  Position  Effect allele Other allele EAF Beta SE P Nearest gene Previous MetS trait
sV641 84 11 116648917 G C 0.132408 0.252628 0.0091752 6.90e-167 ZPRI1 HDL, TG

247617 16 56990716 A C 0324218 —0.196432 0.0071461 2.43e-166 CETP HDL. TG

rs3844510 8 19861361 C A 0.26399 —0.191134  0.0076266 1.30e-138 LPL HDL, TG

s72836561 17 41926126 T C 0.0322648 0.23953 0.0174139 4.74¢-43 CD30OLG* HDL

rs2980888 8 126507308 T C 0.299847 0.0959522 0.0070574 4.23e-42 TRIBI* TG

rs116843064 19 8429323 A G 00191837 -0.337476 0.0263335 1.34e-37 ANGPTLA4* HDL. TG

rs2281721 1 230297136 C G 0.38621 0.0820747 0.0066785 1.03e-34 GALNT2 HDL, TG, fat mass

rs483082 19 45416178 T G 0.238624 0.0899299 0.0075775 1.73e-32 APOCI HDL, TG, WC, diabetes
rs673548 2 21237544 A G 0204049 —0.0977899 0.0082417 1.79¢-32 APOB HDL, TG

s1535 11 61597972 G A 0347774 0.0792125 0.0068083 2.74e-31 FADS2* HDL, TG. Glucose

s261290 15 58678720 T C 0.347343  —0.0779563 0.0069174 1.86e-29 LIPC HDL., TG

rs56094641 16 53806453 G A 0.402905 0.0736765 0.0066394 1.30e-28 FTO wC

rs2138161 2 227095159 T C 0351852 —-0.0752413 0.0068822 8.03e-28 NEU2* Diabetes, hypertension, fat mass
998584 6 43757896 A C 0481524 0.0706852 0.0065509 3.83e-27 VEGFA* Fat mass

s28597716 8 19936687 G A 0.189687 —0.152184 0.0086723 1.04e¢-24 SLCI18AL* Diabetes

rs 12056034 7 72878645 G A 0.124753 —0.0968365 0.0100916 8.33e-22 BAZIB* HDL, TG

rs66922415 18 57848651 G A 0.234519 0.0678461 0.0076254 5.72e-19 MC4R* wC

rs2925979 16 81534790 B [ & 0.301767 0.0616096 0.007063 2.7le-18 CMIP* Diabetes, hypertension, HDL
57124681 11 47529947 A C 0408583 0.055786 0.0066152 3.37e-17 CELFI1* WC, HDL, hypertension,
rs11206374 1 40048009 A G 0225766 0.065077 0.0077364 4.04e¢-17 PABPC4* WC, HDL, TG, diabetes

NA 20 44553722 T TA 0.187918 0.0694639 0.0082966 5.64e-17 PCIFI* HDL, TG

61789601 3 135954979 T C 0202909 —0.0683717 0.008209 8.16e-17 PCCB* WC, HDL., TG

rs 11429307 S 55857025 GT G 0.190881 0.0669661 0.0082284 4.0le-16 CSorf67* WC, HDL, TG, diabetes, hypertension
s11754773 6 34577257 G A 0.0942279 0.089294 0.0110053 49le-16 Co6orf106* wC

rs1260326 2 27730940 B Y C 0.392938 00536971 0.0066555 7.14e-16 GCKR TG, glucose

rs139974673 15 44027885 C S &y 00251253  0.160596 0.0200473 1.14e¢-15 CATSPER2P1* HDL., TG, BMI

rs9987289 8 9183358 A G 0.0919748 00873883 0.0110761 3.03e-15 LOCI57273 HDL., glucose

rs 1800961 20 43042364 T c 00314816 0.138848 0.0180355 1.38e-14 HNF4A* HDL., diabetes

rs 10822155 10 65071215 A C 041581 —0.0511185 0.0066509 1.52¢-14 IMIDIC* TG, blood pressure

rs 12599637 16 69593355 C b 0403682 ~0.0509657 0.0067725 5.26e-14 MIRIS38/NFATS* —

rs6387 14 1 62906489 T G 0347785 —0.0514954 0.0069156 9.60c-14 USPI1* TG

rs632057 6 139834012 ‘T G 0.372799 0.0486791 0.0067304 4.73e-13  LINCO1625* TG, HDL, HbA ¢, trunk fat
s 10260148 7 130430969 T C 027901 0.0521287 0.0072552 6.72e-13  KLF14* 0

rs114165349 1 27021913 C G 00235174 0.147253 0.0208744 1.74e-12 ARIDIA* TG, HDL, hypertension, trunk fat
s10187501 2 165532454 G A 0346097 —0.0465591 0.0069069 1.57¢-11 COBLL1* TG, HDL., diabetes, WC
rs1532127 19 47571938 G A 0314222 —0.0472097 0.0070678 2.40e-11 ZC3H4* Diabetes, WC

87239575 18 21120035 C T 0.49327 —0.043234 0.0065326 3.64e¢-11  NPCIl1* wcC

s 10049088 3 156797648 T C 0386891 —0.0443217 0.0067433 4.94e-11  LINCOO880* wC

rs 1009360 2 65276049 C T 0415241 —0.0435887 0.0066372 5.12e-11  CEP68* TG, blood pressure
7660883 4 87982876 G C 0377013 —0.0443878 0.0067925 6.37e-11  AFF1* TG, HDL

rs 11075253 16 15148646 A C 0297121 —0.0468788 0.0071929 7.15e-11 PDXDCI1* WC, TG

s1534696 7 26397239 C A 0460436 0.0424362 0.0065434 8.85¢-11 SNX10* TG, HDL, diabetes, WC, hyperntension

(coniinued)



TaLE 2. Continued

SNP Chr  Position  Effect allele Orther allele EAF Beta SE P Nearest gene Previous MetS trait
rs7563362 2 620297 A G 0.142333 —0.0613566 0.0095051 1.08e-10 TMEMIS* wC
rs9378248 6 31326289 A G 0.339668 0.0440684 0.0068853 1.55e-10 HLA-B Diabetes. trunk fat mass
rs563296 10 99772404 G A 0.44029 —~0.0419399 0.0065928 2.00e-10 CRTACI* WC, diabetes
rsl023193 15 41855736 ! § G 0305574 —0.045397 0.0071595 2.29e-10 TYRO3* BMI, blood pressure
rs13107325 4 103188709 T C 00748556 0.0760904 0.0121877 4.29e-10 SLC39A8* HDL.WC, blood pressure
NA 12 124503803 CAA C 0436617 —0.0414889 0.0066476 4.34e-10 ZNF664* HDL.WC.TG
rs779518917 17 76398124 GTGT G 0403203 0.0415352 0.0066831 5.13e-10 PGSI* HDL. blood pressure
rs35661464 11 64828842 T (& 0.252033 0.0463799 0.0074696 5.33e-10 NAALADLI* 0
rs764311894 20 51204733 CTTT C 0.169241 —0.0569809 0.0091796 5.39¢-10 LINCO1524* —
rs748326686 4 67851522 cT | 8 037669 0.042439 0.0068632 6.27¢-10 LOC101927237*  —
577721086 6 127440047 C T 0.0509599  0.0900937 0.0147076 9.03e¢-10 RSPO3* HDL.WC.TG
rs537069642 3 50119387 CEX: C 0423828 —0.0418519 0.0068962 1.29¢-09 RBM6* HDL., diabetes, WC, hypertension
rs76376137 6 34173330 G T 0.050549 0.0820329 0.0146096 1.30e-09 HMGAIL* wcC
rs1 0913469 1 177913519 C T 0207314 0.0482641 0.0079955 1.58e-09 SECI6B* wC
rs56133711 11 27723334 A G 0262839 0.0443302 0.0073785 1.88e-09 BDNF* wC
rs3814883 16 29994922 f C 0.48348 0.0392918 0.0065507 2.00e-09 TAOK2* WC. hypertension
rs56282717 7 150657095 A G 0244425 -0.0460964 0.0076943 2.09e-09 KCNH2 WC, hypertension
rs1 2945575 17 40713071 T | & 0.25004 0.044779 0.0075111 2.50e-09 COASY* wC
rs2306363 11 65405600 T G 0206589 —0.0482761 0.0081366 2.97e¢-09 SIPAI* Hypertension
rs781006834 7 17941865 G GT 0.344659 0.0411062 0.0069362 3.10e-09 SNXI3* HDL
rsl 1751347 6 161092438 T C 0.102714 0.0624875 0.0106566 4.53e-09 LPA* WC, TG
rs73123462 4 36077604 T C 00155967 0.149549 0.0255208 4.63e-09 ARAP2* Diabetes
rs62107261 2 422144 C T 00482567 —0.089776 0.0156627 5.05¢-09 LINCO1874%* wC
rs3808439 8 116563675 A G 0.447923 0.0383457 0.0065731 5.42¢-09 TRPSI* WC, HDL
rs56959712 12 123188475 T G 0210819 —-0.0470487 0.0080746 5.65¢-09 HCAR2* HDL., fat mass
36001710 7 25983400 A T 0417154 0.0388139 0.0068186 6.85¢-09 MIRI48A* ——
rs779470261 3 131646163 & CTCTAA 026329 0.0431103 0.0074441 6.99e-09 CPNE4* wC
rs5789783 11 13347748 T TA 0402641 —0.0399511 0.0069148 7.57e-09 ARNTL* WC, hypertension
rs394978 1 9 92178472 T A 0461633 —0.0380199 0.0065968 8.25e¢-09 GADD45G* 0
rsl 1871285 17 65840809 T G 0.193205 0.0473409 0.0082208 8.48e-09 BPTF* wC
rs6545703 2 59032635 G ¥ 0415927 —0.0382425 0.0066477 8.78e-09 LINCOI1122* wcC
rs58175144 I 150839698 CA C 0301172 0.0413753 0.0072197 9.99¢-09 ARNT* HDL, trunk fat mass
rs7 188873 16 24727064 A G 0376011 —0.03863 0.0067729 1.17e-08 TNRC6A* WC, blood pressure
rs5021727 6 32578633 G A 0461566 0.0371336 0.0065596 1.51e-08 HLA-DRBI* Diabetes
rs1 105654 18 47147746 G A 0345091 0.038799 0.0068934 1.82e-08 LIPG* HDL
rs12752223 1 93837133 T C 0396475 —0.0374831 0.0066755 1.97¢-08 DRI1* HDL
rs140628616 11 56201709 A AAT 0.16585 —0.0528712 0.0094553 2.25¢-08 ORSRI1* 0
rs9971210 10 21879084 G & 0.489597 0.0365804 0.0065457 2.29¢-08 MLLTI0* WC, blood pressure
rs1 0954772 8 30863938 T C 0313991 0.0391984 0.0070493 2.69¢-08 PURG* WC, hypertension
rs12472667 2 171629063 G C 0371305 0.0374895 0.0067634 2.97e¢-08 ERICH2* wC
rsl 143015 17 7485206 A G 0.157971 0.0491401 0.0088808 3.14e-08 CD68* Weight

9 107647019 1 & 0.107873 —0.058891 0.0106912 3.62e¢-08 ABCAI HDL

rs1 1789603

(continued)



SNP Chr

159332817 11
1535286942 10
158121509 20
15143321598 3
rs10945840 6
157138803 12
rs11655056 17
rs4921913 8
152307111 5

Position

118365210
94797201
62712053
39116681

162974904
50247468
47364107
18272377
75003678

C
AT
C
CT

ololok de

-=-oon=">0aQ

T

Effect allele Other allele

EAF

0.0265006
0.374794
0.451827
(0.488259
0.332614
(.368675
0.46087
0.221605
0.393101

TaBLE 2. Continued

Beta

-0.115795
~0.037682
-0.0360691
-(.0382859
-0.0382931
0.0369574
0.0359929
0.0426441
~0.0366715

SE P

0.0210291 3.66e-08
00068466 3.72¢-08
0.0065647 3.92e-08
0.0069834 4.20e-08
0.0069905 4.30e-08
0.0067465 4.30e-08
0.0065729 4.35¢-08
0.0077967 4.51e-08
0.006708  4.58¢-08

Nearest gene

KMT2A*
EXOC6*
OPRL1*
WDR48 *
PARK2*
BCDIN3D*
MIR6129*
NAT2*
POCS*

Previous MetS trait

wcC

Diabetes

WC, hypertension
0

wC
0

TG
wC

The loci given with an asterisk after the name of the nearest gene are novel findings for MetS as binary trait. The beta represents the log odds. EAF, effect allele frequency. Build37, hg19 is used
for chromosomal positions, Previously published associations with MetS components are given in the right-hand-side column using data from Phenoscanner. Details on those findings are given in
Supplementary Table S2—denotes no associations versus any trait. Zero denotes no association with a MetS trait, but associations with other traits.

Adapted fromOh, et al., 2020.
Table 2. Significant variants associated with metabolic syndrome.

Chr SNP| Paosition Gene M Discovery set Replication set
MAF OR P MAF OR P
(case [ control) (95% CI) (case / control) (95% CI)
11 rs662799 | 116663707 | APOAS | G 0.345 / 0.288 1.346 285x107" 0334/ 0290 1.268 3.19x10°°
(1.227-1.476) (1.083-1.485)

Chr, chromosome; rs number, SNP ID in dbSNP database; M, minor allele; MAF, minor allele frequency; OR, odds ratio; CI, confidence interval, respectively




Adapted fromWillems, et al, 2020.

Supplemental Table D.1: Summary of suggestive and genome-wide significant SNPs

RE2 TransMeta MR-MEGA | Cochran's | Functional
Chr Base Pair rsiD Phenotype FE P-value Povalue pvalue Pvalue Q P-value Info Mearest gene
2 27598097 rsd665972 Triglycerides 4 82E-07 9.04E-08 5.66E-07 1.72E-06 0.0106 intronic SNX17
2 27730940 rs1260326 Triglycerides 3.39E-07 4_86E-08 2.91E-07 9.83E-07 0.0070 exonic GCKR
2 27741237 rs780094 Triglycerides 6.60E-07 3.87E-07 5.87E-O7 2.98E-06 0.0498 intronic GCKR
2 65819883 rs1115848 Systolic BP 6.03E-07 8.84E-07 5.78E-07 1.45E-06 0.4796 intergenic | SPREDZ;MIR4A778
2 65820608 rs11687213 Systolic BP 6.03E-07 8.84E-07 5.78E-07 1.45E-06 0.4796 intergenic | SPRED2;MIR4778
2 65824325 rs12614551 Systolic BP 7.88BE-07 1.16E-06 6.33E-07 2.31E-06 0.5475 intergenic | SPRED2;MIR4778
2 65824380 rs12614575 Systolic BP 7.8BE-O7 1.16E-06 6.33E-07 2.31E-06 0.5475 intergenic | SPREDZ;MIR4A778
2 161536779 rs4504007 Weight 2_76E-06 3.16E-06 3.01E-07 1.49E-05 0.0223 intergenic RBMS1; TANK
2 161580892 | rs113055309 Weight 1.01E-06 1.43E-06 2.93E-07 4.60E-06 0.0439 intergenic RBMS1; TANK
2 161650240 rs35013036 Weight 9.79E-07 1.44E-06 3.08E-07 5.71E-06 0.1876 intergenic RBMS1; TANK
2 161743385 rs1615586 Weight 3.04E-06 4. 44E-06 5.72E-07 1.18E-05 0.0807 intergenic RBMS1; TANK
2 161746908 rs1404359 Weight 3.77E-O6 4_.35E-06 5.68E-07 9.82E-06 0.0509 intergenic RBMS1; TANK
2 161755027 rs1710654 Weight 2.95E-06 3.66E-06 2.95E-07 7.05E-06 0.0717 intergenic RBMS1; TANK
3 2001175 rs12631510 HDL 65.40E-06 7.26E-07 2.80E-07 3.06E-07 0.0021 intergenic CNTMNG;CNTN4
3 2004251 rs17005939 HDL 6.98E-06 5.23E-07 2.80E-07 1.86E-07 0.0011 intergenic CNTNG;CNTN4
3 105643849 rsb765145 Waist 5.46E-07 7.9BE-07 5.75E-07 2.41E-06 0.7921 intergenic CBLB;LINCOO882
4 2707032 rs4690015 Diastolic BP | 0.00227145 9.34E-07 0.00245669 0.0013334 1.10E-05 intronic FAM193A
5 157023304 rs1895338 Triglycerides 0.0204752 5.82E-07 0.014237215 | 0.00017668 5.22E-07 intergenic ADAMI19;S0OX30
8 126485294 rs2954027 Triglycerides 1.63E-06 2_38E-06 2.97E-O7 1.64E-06 0.2682 intergenic | TRIB1;LINCO0861
8 126486409 rs17321515 Triglycerides 3.18E-06 4.64E-06 6.30E-07 3.53E-06 0.2725 intergenic | TRIB1;LINCO0861
8 126488235 rs2980863 Triglycerides 1.54E-06 2.26E-06 5.91E-07 2.83E-06 0.4005 intergenic | TRIB1;LINCO0861
8 126488250 rs2980869 Triglycerides 1.54E-06 2.26E-06 5.91E-07 2.83E-06 0.4005 intergenic | TRIB1;LINCOO0861
8 126491733 rs2954031 Triglycerides 1.13E-0O6 1.56E-06 1.36E-07 7.09E-07 0.1824 intergenic | TRIB1;LINCO0861
8 126495818 rs10808546 | Triglycerides 2_06E-06 2 97E-06 2.94E-07 2.47E-06 0.2286 intergenic | TRIB1;LINCO0861
9 114376753 rs2418173 Diastolic BP 3.12E-07 4. 54E-07 2.92E-07 1.87E-06 0.8098 upstream LRRC37ASP
. " . . LRRC37AS5SP;
9 114377336 rs10817195 Diastolic BP 9.38E-07 1.38E-06 1.10E-06 5.33E-06 0.8902 intergenic DNAJC25-GNG10
11 89224718 rs2289123 Triglycerides 0.0127646 1.67E-05 0.006225193 7.62E-07 1.50E-05 UTRS NOX4
13 66731477 rs9599076 Waist 4.80E-08 7.10E-08 6.47E-08 3.29E-07 0.8503 intergenic MIR548X2;

MIR4704




RE2 TransMeta MR-MEGA | Cochran's | Functional

Chr Base Fair rsiD Phenotype FE P-value P-value P-value P-value Q P-value Info Nearest gene
13 66732565 rs9592449 Waist 9.95E-07 1.46E-06 1.11E-06 6.29E-06 0.8952 intergenic Mﬁ:ﬁs:_fg:'
13 90409398 rs317962 Triglycerides 6.99E-07 1.02E-06 6.03E-07 1.10E-06 0.3117 intergenic ILII:E((:{:]?;SSZ,

. . . . FAM189A1;
15 29964742 rs4522365 Triglycerides 2.58E-06 7.13E-08 1.65E-07 1.20E-06 0.0013 intergenic LOC100130111
15 64276143 rs8038345 Triglycerides 4.46E-07 6.51E-07 2.89E-07 2.71E-06 0.4122 intronic DAPK2
15 64284719 rs28478668 | Triglycerides 4.83E-07 7.08E-07 5.68E-07 2.96E-06 0.5707 intronic DAPK2
15 64285189 rs11633956 | Triglycerides 3.64E-07 5.30E-07 2.87E-07 2.21E-06 0.6302 intronic DAPK2
15 64285659 rs34867794 | Triglycerides 3.61E-07 5.26E-07 2.87E-07 2.19E-06 0.6361 intronic DAPK2
15 64286221 rs28544905 | Triglycerides 3.61E-07 5.26E-07 2.87E-07 2.19E-06 0.6361 intronic DAPK2
15 64286236 rs28459332 | Triglycerides 3.61E-07 5.26E-07 2.87E-07 2.19E-06 0.6361 intronic DAPK2
15 64286836 rs11631973 | Triglycerides 3.61E-07 5.26E-07 2.87E-07 2.19E-06 0.6361 intronic DAPK2
15 64287495 rs28444644 | Triglycerides 5.22E-07 7.64E-07 5.71E-07 3.11E-06 0.6526 intronic DAPK2
15 64290136 rs7167478 Triglycerides 1.23E-06 1.70E-06 3.16E-07 2.79E-06 0.2719 intronic DAPK2
15 64290385 rs55963180 | Triglycerides 3.53E-07 5.15E-07 1.47E-07 1.48E-06 0.4344 intronic DAPK2
15 64291219 rs8024045 Triglycerides 3.61E-07 5.26E-07 2.87E-07 2.19E-06 0.6361 intronic DAPK2
15 64297369 rs11633496 | Triglycerides 6.19E-07 9.08E-07 5.75E-07 3.44E-06 0.6399 intronic DAPK2
15 64297435 rs11633611 | Triglycerides 6.19E-07 9.08E-07 5.75E-07 3.44E-06 0.6399 intronic DAPK2
15 64313764 rs11635284 | Triglycerides 1.00E-06 1.4A7E-06 5.92E-07 5.35E-06 0.4791 intronic DAPK2
15 64333606 rs7173139 Triglycerides 6.69E-07 9.80E-07 3.07E-07 3.10E-06 0.4899 intronic DAPK2
15 64334978 rs881232 Triglycerides 5.67E-07 8.27E-07 5.68E-07 3.09E-06 0.5751 intronic DAPK2
15 64334992 rs968654 Triglycerides 3.84E-07 5.58E-07 2.83E-07 2.08E-06 0.5306 intronic DAPK2
15 64335225 rs1868444 Triglycerides 5.31E-07 7.76E-07 3.03E-07 2.90E-06 0.5876 intronic DAPK2
15 64335240 rs1868443 Triglycerides 3.84E-07 5.58E-07 2.83E-07 2.08E-06 0.5306 intronic DAPK2
16 56987015 rs12446515 HDL 2. A4E-07 3.56E-07 1.43E-07 9.03E-07 0.6364 intergenic HERPUD1;CETP
16 56987369 rs56156922 HDL 1.73E-07 2.51E-07 1.37E-07 6.35E-07 0.6118 intergenic HERPUD1;CETP
16 56987765 rs56228609 HDL 3.04E-07 4. 42E-07 2.80E-07 1.00E-06 0.6451 intergenic HERPUD1;CETP
16 56988044 rs173539 HDL 7.04E-06 5.39E-06 5.71E-07 8.32E-07 0.0357 intergenic HERPUD1;CETP
16 56989590 rs247616 HDL 5.54E-08 8.17E-08 6.27E-08 3.82E-07 0.7879 intergenic HERPUD1;CETP
16 56990716 rs247617 HDL 5.54E-08 8.17E-08 6.27E-08 3.82E-07 0.7879 intergenic HERPUD1;CETP
16 56991363 rs183130 HDL 5.54E-08 8.17E-08 6.27E-08 3.82E-07 0.7879 intergenic HERPUD1;CETP




RE2 TransMeta MR-MEGA | Cochran's | Functional
Ch B Pai 1D FPh FE P-val N t
f ase Fair s enotype value P-value P-value P-value Q P-value Info earestgens

16 56993161 | rs12149545 HDL 5.51E-07 8.05E-07 5.65E-07 1.62E-06 0.5903 intergenic | HERPUDZ1;CETP

16 56993324 rs3764261 HDL 5.73E-06 6.84E-06 6.21E-07 1.57E-06 0.0738 intergenic | HERPUDZ1;CETP

16 56994528 | rs17231506 HDL 3.13E-07 4. 55E-07 2.81E-07 1.18E-06 0.5802 intergenic | HERPUDZ1;CETP

16 56998918 | rs12720926 HDL 1.66E-08 2.33E-08 1.37E-08 1.07E-07 0.7494 intronic CETP

16 56999328 | rs11508026 HDL 1.79E-08 2.56E-08 1.39E-08 1.14E-07 0.7455 intronic CETP

16 57001216 rs4784741 HDL 9.74E-08 1.44E-07 6.62E-08 2.46E-07 0.4294 intronic CETP

16 57001438 | rs12444012 HDL 9.74E-08 1.44E-07 6.62E-08 2.46E-07 0.4294 intronic CETP

16 57004889 rs7205804 HDL 4.85E-08 7.16E-08 2.90E-08 7.41E-08 0.2832 intronic CETP

16 57005301 rs1532625 HDL 8.22E-08 1.21E-07 6.23E-08 8.58E-08 0.2118 intronic CETP

16 57005479 rs1532624 HDL 8.22E-08 1.21E-07 6.23E-08 8.58E-08 0.2118 intronic CETP

. . ] LINCO1927;

18 74352797 rs9951751 Systolic BP | 0.00143975 2.39E-06 3.21E-06 1.17E-07 2.65E-05 | intergenic LINCO1879

19 38039675 | rs11665759 | Triglycerides | 0.0640212 | 0.00018267 | 0.071594838 8.29E-07 1.71E-05 | upstream INF571-A51
RNA

19 38040879 | rs73031322 | Triglycerides | 0.0478103 | 0.00016422 | 0.053617891 9.76E-07 2.60E-05 i::roni[: INF571-A51
RNA

19 38043022 | rs73031326 | Triglycerides | 0.0478103 | 0.00016422 | 0.053617891 9.76E-07 2.60E-05 i::.‘:roni[: INF571-A51
RNA

19 38046331 | rs111694872 | Triglycerides | 0.0478103 | 0.00016422 | 0.053617891 9.76E-07 2.60E-05 i::;:roni[: INF571-A51
RNA

19 38062195 rs2045911 | Triglycerides | 0.0478103 | 0.00016422 | 0.053617891 9.76E-07 2.60E-05 i::roni[: INF571-A51
RNA

19 38073146 | rs73033117 | Triglycerides | 0.0640212 | 0.00018267 | 0.071594838 8.29E-07 1.71E-05 i::roni[: INF571-A51
RNA

19 38074152 | rs11083427 | Triglycerides | 0.0478103 | 0.00016422 | 0.053617891 9.76E-07 2.60E-05 i::ronic INF571-A51

19 38080535 | rs73033129 | Triglycerides | 0.0478103 | 0.00016422 | 0.053617891 9.76E-07 2.60E-05 intronic ZNF540;ZNF571

19 38082385 | rs12162238 | Triglycerides | 0.0478103 | 0.00016422 | 0.053617891 9.76E-07 2.60E-05 intronic FNF540;ZNF571

19 38083967 | rs11083428 | Triglycerides | 0.0478103 | 0.00016422 | 0.053617891 9.76E-07 2.60E-05 intronic FNF540;ZNF571




6. Normality Tests for Continuous Variables
Boxplots presented for primary continuous variables in the study, as derived
from SPSS version 29; notes at the end of Section 6.

6A. Age at Recruitment Boxplot
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6C. BMI Boxplot
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6D. Waist circumference Boxplot
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6E. Hip circumference Boxplot
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6F. Systolic BP Boxplot
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6G. Diastolic BP Boxplot
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6H. Total Lipids in HDL Boxplot
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61. Total Lipids in LDL Boxplot
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6J. Glucose Boxplot
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6K. HbAlc Boxplot
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Notes:

In each plot (6A to 6K), the central line inside the box indicates the median,

the lower and upper edges of the box represent the 25th and 75th percentiles

(interquartile range, IQR), and the whiskers extend to the most extreme

values within 1.5 x IQR from the box. Data points beyond the whiskers

(except 6A for age) were plotted individually as circles (mild outliers; >1.5 x

| QR but O3 T I QR from the quart3dxI@Rs) or as
from the quartiles). A large number of outliers were present in most plots and

were included in the normally distributed data for complete data

representation and insight provision.



7. UK Biobank Material Transfer Agreement



DocuSign Envelopss |D: CODFESTF 4 D004 382-84EE-AJ2IEEIATIES

r——— biobank’

Material Transfer Agreement Enobiing scleatic ecovarios: Tt Impross human hasith
Dear Mrs Fojas

appliant: staffordshire University
appli@ation Reference Number: 77577

UK Biobank Limited ["UK Biobank"] is pleased to approve your Application to use the UK Biobank resource. UK
Biobank's approval of this Application is valid for 90 days during which time the applicant must execute this
Material Transfer Agreement ("MTA") and pay the Access Charges. These are the final steps before access is
granted. If these steps are not taken by the Applicant within 90 days, the Applicant will need to re-apply for access.

Parties

This is an agreement between UK Biobank and the Applicant (each a “party”, together the “parties”). The
applicant Pl is not a party to the MTA, however, UK Biobank requires the Applicant P to sign the MTA to
acknowledge that the provisions of this MTA have been “read and understood” so that they are fully aware of the
applicant's obligations to both UK Biobank and to UK Biobank's Partidpants. The aApplicant shall be responsible
for the conduct of the applicant Pl and any and all applicant Researchers inwolved in this Approved Research
Project but shall not be responsible for the conduct of any Collaborator Institutionis), Lead Collaborator(s) or
Collaborator Researcher(s).

sStructure of agreement

This MTA shall become effective on the Effective Date. If you have agreed a previous version of the MTaA for this
application/approved Research Project, the previous version shall automatically terminate on the Effective Date
and be replaced by this MTA.

This MTA is conditional upon UK Bicbank receiving from the Applicant within thirty (30) days of the Effective Date,
cleared funds covering the Access Charges and any applicable WaT.

standard terms and Annexes

The content of UK Biobank's standard MTa, and the conditions contained within it, are non-negotiable.

This MTA incorporates the attached Applicant Terms and Conditions (including any doctuments and/or the
materials that are referred to in them), the contents of the Application Form [where applicable) and the attached
Annexes:

= aAnnex 1 (Data Processing Description);

=  Annex 2 (Security Measures);

= annex 3 (Applicant Annual Project Report Template); and

& Annex 4 (Approved Research Project — which summarisas the Materials that will be made available to the

Applicant].

Definitions used in this MTA can be found on pages 15-17.

Payment

The Access Charges which are payable are set out in the payment section of your application. This allows you to
generate an invoice on which VAT will be included (if appropriate, and as such VAT will not be included if the
applicant is based outside the UK). A summary of these Access Charges is also set out in Annex 4.

Payment should be submitted via bank transfer or Sage Pay, in cdleared funds and in British pounds sterling (GBP)
o

Bank: Barclays Bank PLC

Account name: UK Biobank Limited
Account number: 330659427

Sort code: 20-24-41

IBAN: GB7E BARC 2024 4133 0694 27

Yours sincerely

For and on behalf of UK Biobank
lonathan Sellors
General Counsel & Company Secretary

[ (bS] ]
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2.2

23
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applicant Terms and Conditions
Supply of Materials by UK Bicbank

UK Bicbank agrees to supply the Materials to the Applicant in the timeframe and manner set out in this
MTA, subject to the provisions of this MTA.

UK Biobank warrants to the Applicant that for the purposes of this MTA:
121 it is entitled to supply the Materials to the applicant;

122 consant to take part in UK Biobank has been obtained from the Participants and further,
consent under the Human Tissue Act 2004, has been obtained from the relevant Participants;
and

123 the use of the Materials for the approved Research Project falls within UK Biobank’s generic
Research Tissue Bank (RTE) approval from the NHS North West REC, available here.

The Applicant agrees that the Materials are provided on an “as is” basis without any warranty of
satisfactory guality or fitness for a particular purpose or use, or that use of the Materials shall not infringe
the rights of any third party. Except as expressly stated in this MTA, all warranties, terms and conditions,
whether express or implied by statute, common law or otherwise, are excluded to the fullest extent
permitted by law.

Usage of Materials by the Appliant
The applicant agrees that the Materials shall only be used:

211 in accordance with the terms and conditions of this MTA;
212 to conduct the Approved Research Project for the Permitted Purpose only; and

213 by the applicant institution and on an individual level within the applicant, by the applicant PI,
the Applicant Researchers and by Affiliates and Third Party Processors (appointed by the
Applicant).

The applicant shall not share, sub-license, disclose, transfer, sell, gift or supply the Materials to any other
person or unauthorised third party.

without prejudice to the other provisions of this MTA, any actual or anticipatory breach of any provision
of clause 2.1 or 2.2 shall entitle UK Biobank to terminate this Agreement with immediate effect, and

require the immediate return or destruction of any Materials provided by UK Biobank.

The Applicant shall and shall procure that the Applicant P, the applicant Researchers and any Affiliate
and any Third Party Processors are made aware of, and shall comply with, the terms and conditions of

this MTA and the Data Protection Legislation. Any act or omission of the Applicant P1 or any Applicant
Rresearcher or any affiliate or any Third Party Processor shall be deemed to be an act of the relevant

applicant for which the relevant applicant is fully respansible and liable.

This MTA confers on the applicant only those rights that are expressly granted to the applicant. For the
awoidance of doubt, nothing in this MTA shall prevent UK Biobank from supplying the same Materials (or
other data and/or samples in the UK Biobank resource) to another third party, in line with the access
procedures (available on UK Biobank's website here as may be updated by UK Biobank from time to
time] or for UK Biobank's other operational purposas.

In relation to the Materials supplied to the Applicant:

261 UK Biobank is the owner of the Maternals, and UK Biobank is the owner of the Intellectual
Property Rights in the Materials; and

262 UK Biobank heraby grants to the Applicant a revocable, worldwide, royalty-free, non-axclusive,
non-transferable licence (but not any ownership rights) during the Term to use the Materials
for the Permitted Purpose, subject to the terms and conditions of this MTA.

Generation of data by the Applicant

Gensrotion of data by or on behalf of the Applicant during the Approved Research Project

02 e W12
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The data generated by the applicant in the performance of the Approved Research Project shall be
deemed to fall into the following categories:

311 Results Data: data and methodology (for example, the 545/R/Stata scripts) which underlie the
Findings and which would enable another competent researcher to generate the Findings;

312 Findings: the findings generated by the Applicant as a result of the Approved Research Project;
and/or

313 other Data: all other data generated by the applicant which is not in one of the above two
categories.

ownership of generated dota

Except as provided in clause 3.3, the Applicant shall own the IPRs in their Findings, the Results Data and
the Other Data. The Applicant hereby grants a perpetual, irrevocable, worldwide, fully paid up, royalty
free, fully sub-licensable non-exclusive licence to Uk Biobank to use, reproduce, distribute, publish, store
and otherwise disseminate the Findings, the Results Data and the Other Data.

Hothing in this MTA shall operate to assizn to the Applicant any IPRs in the Materials. To the extent that
the Findings, the Results Data or the Other Data incorporate any Materials, the IPRs in those Materials
shall remain the property of UK Biobank and shall not belong to the applicant.

The Applicant warrants to UK Biobank that UK Biobank's receipt of and use of the Applicant's Findings
and Results Data shall not infringe the rights, including any IPRs, of any third party.

Rights to inventions/developments made by the Applicant

Subject ahways to the restriction in clause 3.7, UK Biobank confirms that it shall have no rights or licence
to the IPRs in relation to any inventions made by the applicant as a result of using the Materials, Results
Data, Findings or Other Data |“applicant-Generated Inventions").

However, the Applicant acknowledges that the UK Biobank resource has been (a) produced using a
combination of the goodwill and contribution of 500,000 UK participants (b) charitable and public
funding (from in particular Wellcome and the Medical Research Council) (c] the use of public resources
(such as UK health-record data) and (d) established with the express purpose of promoting the conduct
of health-related research which is in the public interest. UK Biobank also acknowledzes the contribution
which is being made to enhance the resource by the Applicant (in the form of the generation and
availability to other researchers of, inter alia, the Findings and Results Data of the Approved Research
Project).

In terms of specific obligations, taking into account the acknowledzements in dause 3.6 above, the
applicant agrees (and this cdawse is a material provision of this MTA) that it shall mot and shall not attempt
to:

3.71 file any patents with claims directed to; or
372 othenyise seek to claim or enforce any IPRs in;

the zenotype-phenctype data within the Materials or in the genotype-phenotype data which has been
generated by (or on behalf of] the applicant in the course of the Approved Research Project (whether
such genotype-phenotype data is in the form of Results Data, Findings or Other Data). without limiting
the above, the parties agree that this clause 3.7 shall mot prohibit the applicant from patenting, or
enforcing IPRs in drugs, therapeutics, diagnostics, other technology or methods of treatment provided
this does not limit Uk Biobank's ability to allow approved researchers to use the data generated by the
applicant (as definad in clause 3.1), including any biomarker data identified by the Applicant, through its
use of the UK Biobank resource.

Limitation on rights granted

UK Biobank expressly excludes (directly or indirectly) (i) any right of the Applicant to sub-licence any of
the rights granted to the applicant to the Materials under this MTA and/or (i) any right of the Applicant
to publish or distribute any of the Materials, except for the sole purpose of including a commensurate
amount of supporting data (which shall not include any Participant Level Data) in the Applicant's
publication of its Findings (which may include commensurate publication of certain of the Results Data,
as the same may be reasonably required by the relevant publisher).
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4.1

42

43

4.4

45

4.6

4.7

4.8

For the avoidance of doubt, the rights granted under this MTA to the Applicant to use the Materials are
for the Permitted Purpose only.

confirmations from the applicant
General

The Applicant hereby confirms to UK Biobank that all work performed by it using the Materials shall be
carried out in compliance with all applicable laws, regulations, guidelines and approvals, including
without limitation the Human Tissue Act 2004, the Data Protection Legislation and any approvals
required from a Research Ethics Committee (or the applicable equivalent in the jurisdiction where the
approved Research Project is to be conducted).

Security

The Applicant shall retain the Materials in a secure network system, at such standard which would be
reasonably expected for the storage of valuable and proprietary sensitive/confidential data. Further, the
apgplicant shall be oblized to implement the appropriate technical and organisational measures as set
out in Annex 2 (Security Measures) to protect the Materials from the accidental or unlawful destruction,
loss, alteration, unauthorised disclosure of, or access to the Materials (a "Data Security Incident™). By
signing this MTa, the applicant PI confirms that the Security Measures sat out in Annex 2 are in place in
order to protect the Materials.

The Applicant shall motify UK Biobank without undue delay [and in any event no later than 24 hours)
after becoming aware of a reasonably suspected "near miss" or actual Data Security Incident which
affects the Matenals. Such notification must be sent by email to DPOE ukbiobank ac.uk with a copy to
access@ ukbiobank.ac uk.

431 The Applicant shall not delay such notification on the basis that the infermation is incomplete
or the relevant investigation is ongoing. Further, the Applicant shall not make any external
announcement, notifications to a supervisory authority or regulator about any such Data
Security Incident without the express prior written consent of UK Biobank, unless required by
law to do so.

432 Both parties shall cooperate and provide reasonable assistance to each other to facilitate the
handling of the Data Sacurity Incident.

withdrowal of consent by participants

The Applicant confirms that it shall deal promptly and appropriately [in accordance with the Participants
option to withdraw as set out on the UK Bicbank website here) with any "no further use" withdrawals
by Participants which UK Biobank notifies to the Applicant.

Identification of participants
The Applicant is expressly prohibited from [or attempting to):

451 developing, linking or re-engineering the Materials supplied to it so as to identify (directly or
indiractly) any Participant;

4532 identifying any Participant from the Materials provided by UK Biobank; or
453 contacting any Participant.
In the event that the Applicant inadvertently identifies any Participant then it shall notify UK Biobank

immediately setting out (in reasonable detail) the circumstances by which it happened. Such notification
must be sent by email to DPOEukbiobank ac uk with a copy to access@ukbiobank acuk.

other than for the purposes of clause 4.6, the Applicant shall not:
471 share the identification of that Participant with any other person; or
472 attempt to contact the Participant themselves.

Without prejudice to the other provisions of this MTA, any actual or anticipatory breach of any provision
of clauses 4.1, 4.2 and 4.4 to 4.7 inclusive shall entitle UK Biobank to terminate this Agreement with
immediate effect and reguire the immediate return or destruction of any Matenals provided by UK
Biobank.
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5.

5.1

5.2

533

54

55

36

57

Publication of lay summary, submission of annual report and return and publication of Findings
Publication of summary on UK Biobank's website

after the applicant has received the Materials for the Approved Research Project, UK Biobank shall be
entitled to publish on its website:

511 the lay summary of the Approved Research Project contained in the Application (with the
exception of any material that has been agreed by UK Biobank would be kept confidential); and

51.2 summary details of the Applicant.
Annuwal Praject Report
Cruring the Term, the Applicant shall provide UK Biobank with:

521 a report (with a summary section) setting out in reasonable detail the progress of the Approved
Research Project in the form attached as Annex 3 (or in such other format as required by UK
Biobank from time to time) on an annual basis (from the Effective Date] which shall include the
Findings the Applicant has made which in its reasonable view may be:

{a] published or pending publication;
(b) disclosed in a published patent; or
()  otherwise of significance (in the context of medical research); and

522 a summary [and a copy of the application if requested) of any patents whose claims cover, or
are intended to cover, an Applicant-Generated Invention within two (2] months of their
publication.

In relation to the Annual Project Report, UK Biobank:

531 shall have the ability to make the summary section of the Annual Project Report public, subject
to the aApplicant [as referred to in clause 5.6 below) retaining a reascnable period of
confidentiality on items where patent rights still need to be filed; and

5.3.2 shall have the opportunity to ask the Applicant any reasonable guestions arising from the
annual Project Report and the Applicant shall respond to such questions in a timely manner.

In the event that the annual Project Report is not received by UK Biobank in the timeframe, manner and
form prescribed, then the Applicant’s rights under this MTA shall be suspended and the aApplicant will
not be able to obtain access to updated or additional Materials until such time as the Annual Project
Report has been duly and compliantly provided. if the annual Project Report is still outstanding,
notwithstanding a reminder from UK Biobank, 3 months after the relevant anniversary of the Effective
Drate, then UK Biobank has the right to terminate this MTA by giving the applicant written notice of
termination and/or prevent the Applicant Institution [or Applicant PI] from applying for or accessing any
further Materials from UK Biobank.

Publication af Findings

The Applicant shall use All Reasonable Endeavours to publish the Findings (and provide UK Bicbank with
a link thereto) within six [6) months after the Completion Date for the Approved Research Project:

551 in an academic journal; or
5.5.2 on an open-source publication site.

UK Biohank ackmowledge and agree that the applicant may keep such Findings confidential for a
reasonable time in accordance with its reasonable research and development practices. For the
avoidance of doubt, the Applicant is entitled to retain confidentiality regarding any Finding over which
patent protection is being sought (and the patent has not yet been published).

If such Findings are made publicly available, UK Biobank requires that the Results Data underlying such
Findings shall be promptly returned or otherwise made available to UK Biobank'. UK Biobank also

* Fur the avoilance of dsulbit, the istentics of s presdsion B not 1o feguide the felurs of IFekivan of sstransous deta sets bt rather b maks Susssary
Infodmation availalble 1o other feseaicher (in g comparable form 1o that which ecadessic josnals often fequire], in particular so that BB ol ecessasy Tor
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3.2

5.10

311

5.13

3.14

6.1

6.2

6.3

requires that the Results Data are returned in a format which is appropriate and comprehensible
(particularly for other researchers) along with any documentation which would be reasonably necessary
to enable another researcher to interpret and understand the Results Data.

Within six [6) months after the publication of the Findings, the relevant Applicant shall provide to UK
Biobank the Results Data in such form and format as set out in clause 5.7 above (alternatively UK Biobank
and the relevant Applicant may agree that the relevant applicant retains the Results Data on the basis
that they are made publicly available to other Researchers and/or publicly available generally].

UK Biobank shall consider reasonably any written requests (containing an appropriate explanation) for
an extension of the time limits set out in this clause.

The Applicant shall use All Reasonable Endeavours to publish a commensurate level of Findings in
relation to the Approved Research Project within the first three (3] years of the Term (and in any
subsequent extensions). Where this is not possible, the applicant shall provide UK Biobank with a
reasonable explanation as to why it is not possible and an estimation of when a publication can be
expected.

Notification to UK Biobank

Unless gtherwise stated in Annex 4, the Applicant is not required to obtain UK Biobank's approval to any
report of its Findings. The Applicant shall nevertheless provide a copy of any report of its Findings and
any press release to UK Biobank at least two [2) weeks before their expected date of first public
presantation or publication in any format (e_g. paper journal, on-line report, meeting abstract]. The
apglicant shall upload such documents to AMS in the first instance. If this is not possible, the applicant
shall email such documents to accessE ukbiobank.acuk.

However, and notwithstanding the provisions of clause 5.11 above, the Applicant is required to promptly
notify UK Biobank in advance (in writing] if any report of its Findings is reasonably likely to provoke
controversy or otherwise attract significant public attention. In such circumstances, UK Biobank reserves
the rizht to make such recommendations, reservations or sugzestions on the report as it sees fit (and
which it may make public) for consideration by the applicant.

Credit to UK Biobank

UK Biobank requires that any and all publications of Findings using UK Biobank data include the following
credit, which should be incorporated within the “Acknowledgements” of such publication:

“This reseanch has been conducted using the UK Biobank Resource under application number [ .7

This acknowladgement to Uk Bichank should, when possible, be linked to reference search tools (such
as PubMed and MEDLINE and/or D01 reference).

Charges

The Applicant agrees to pay the Access Charges as set out in the payment section of the Applicant's
apgplication to UK Biobank via bank transfer or Sage Pay, in cleared funds and in British pounds sterling
(G EBP). The Access Charges are stated to be exclusive of vAT. The Applicant shall pay any applicable vaT
in addition to the Access Charges.

when paying the Access Charges, the Applicant shall quote the invoice number andfor Application
Reference Mumber as the payment reference, and also send a remittance note to

creditoo ntrol @ ukbicbank.ac uk.

The rights granted to the Applicant by UK Biobank under this MTA are conditional on the Access Charges
{and applicable VAT] being paid and so, for the avoidance of doubt, no Matenals shall be provided to the
applicant until or unless the access Charges |(and applicable vAT) are received in full. The applicant shall
pay the aAccess Charges (and applicable VAT) no later than thirty |30) days from the Effective Date.

If payment of the Access Charges has not been made within ninety (90) days of receipt of this MTa by
the applicant, the applicant shall be required to re-apply for access to the UK Biobank resouwrce and
Materials.

a Pimmarchai [Fedewing e Finding) 1o Bave 1o fe-cheals certain derbwad varlable of relaled matric. Alio, for clasity, Spplicants shall hive no clligation ta
presdde o UE Bobesk or polbiil, and do not gram UE Bobesk asy dghts in of 10, afy gesotype-phenolypss dala oliaiesl of penefaled oulskds of the
Agpioend Riaarch Projpec.
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7. annual confirmation and Audit

71 Cruring the Term, UK Bicbank requires the Applicant Pl to confirm on an annual basis that the Approved
Research Project remains compliant with the provisions of the MTa (and the Annexes). Specifically, the
apglicant P shall provide UK Biobank with such confirmation as part of the Annual Project Report in the
form attached at Annex 3. In the event that the Annual Project Report is not received by UK Biobank in
the timeframe, manner and form prescribed, UK Biobank reserves the rights set out in clause 5.4 above.

72 In circumstances where UK Biobank reasonably believes that a Data Security Incident or other serious
imcident has occurred then, on notice to the Applicant, in order to confirm or investigate compliance
wiith the provisions of this MTA, UK Biobank may itsalf or via appropriate third parties:

721 choose to undertake an audit (either in person or remotely] in order to review the security,
storage or other arrangements for the Materials; and

722 request such additional infermation about the Approved Research Project and,/or its progress
as UK Biobank may, from time to time, reasonably require.

73 Uk Biobank shall bear the costs of such audits unless a material default within the procedures and
processes of the relevant Applicant is discovered, in which case the relevant Applicant shall be obliged
to reimbursa the reasonable costs of UK Biobank and any relevant third parties.

7.4 UK Bicbank confirms that its awdit rights shall be exercisable no more than once a year and on the
provision of reasonable notice (which may be immediate in the event of a Data Security Incident or other
serious incident) to the Applicant. As far as practically possible, Uk Biobank agrees to coordinate any site
wisits and audits with the other relevant parties.

8. confidentiality

81 Subject to the exceptions in dause 8.2, UK Biobank shall keep confidential any information disclosed to
it in writing by the Applicant that is marked confidential [“Applicant's Confidential information”) and
shall not disclose such information to any persan.

B2 UK Bichank may disclose the applicant's Confidential information where expressly permitted by this
MTA or when:

821 it is required to be disclosed by law, by any governmental or other regulatory authority, by a
court or other authority of competent jurisdiction; or

B2.2 it can be shown by UK Biobank [to the applicant’s reasonable satisfaction) to have been known
by UK Biobank before disclosure to it by such applicant; or

B.2.3 it was lawfully disclosed to UK Biobank by a third party who did not impose any restrictions on
its disclosure; or

824 the information was in [or enters into) the public domain other than by reason of a breach of
this clause by UK Biobank; or

B25 UK Biobank and the Applicant agree, acting reasonably, that such information is trivial or
obvious, or they agree in writing that such disclosure may be permitted.

a. Data Protection
Relotionship of the parties®
9.1 The parties acknowledge that UK Biobank and the Applicant are independent controllers with respect to

the Participant Level Data that is processed in accordance with this MTa, and that the aApplicant shall

T This clasis 9 s thi requlnerments of B e lieg fabs frobcthen bagilathes bt UK: principally the Dats Probectien A= 2018
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9.2

9.3

3.4

a5

101

10z

process the Participant Level Data strictly for the Permitted Purpose. In no event shall the parties process
the Participant Level Data as joint controllars.

Each party shall be individually and separately responsible for complying with the obligations that apply
to it as a controller under Data Protection Legislation”.

Coopergtion

In the event that the applicant, Applicant PI or any Applicant Researcher receives any cormrespondencs,
engquiny or complaint from a Participant, regulator or other third party ("Correspondence” ) in connection
with the processing of the Participant Level Data, it shall promptly inform UK Biobank giving full details
of the same. In all circumstances, the Applicant, Applicant Pl or any Applicant Researcher shall: (i} obtain
UK Biobank's written approval before responding to the Correspondence, including approval of the
contents of any response; and (i) subject to Data Protection Legislation, permit UK Biobank to respond
directly to the Correspondence.

where the Applicant is located outside of the UK

where UK Bichank transfers Participant Level Data to an Applicant outside the UK in a territory that has
not been specified as ensuring an adeguate level of protection in accordance with Data Protection
Legislation, the parties agree that the C2C Model Clauses shall be incorporated into this MTA by
reference from the Effective Date as follows:

941 UK Biobank shall be the data exporter;
942 the applicant shall be the data importer;

9.4.3 where the c2c Model Clauses being relied uwpon are those approved by the European
commission: (i) under the "Il Obligations of the data importer” section of the c2c Maodel
Clauses option h (i) (the data processing principles set forth in Annex &) shall be deamed to
hawve been selected; (i) the provisions of Annex 1 shall be deemed to be set out in Annex B to
the Cc2C Model Clauses; and (iv] the optional illustrative cormmercial clauses shall be deemed
to have been deleted; and

9.4.4 if there is any conflict bebyeen the MTA and the C2C Model Clauses, the C2C Model Clauses
shall prevail.

The parties agree to use All Reasonable Endeavours to put in place any additional or supplementary
measures that may be required in order to give effect to the C2C Model Clauses.

international transfers by the Applicant

The applicant shall not process any Participant Level Data [mor permit amy Participant Level Data to be
processed) in a territory outside of the UK [or where clause 9.4 applies, where processing occurs in a
subsequent territory] unless it has taken such measures as are necessary to ensure the transfer is in
compliance with Data Protection Legislation.

Limitatien of Liability

The partias agree that:

10,11  subject to clauses 10.2, 103 and 10.4, UK Bicbank's maximum aggregate Liability under this
MTA and/or in relation to the Approved Research Project shall be limited to the Access Charges

paid or payable by the applicant to UK Biobank (whether or not inwoiced to the Applicant} in
relation to the Approved Research Project; and

1012  subject to clauses 10.2, 10.3 and 105, the Applicant's maximum aggregate Liability under this
MITA and, or in relation to the Approved Research Project shall be limited to the Access Charges
paid or payable by the Applicant to UK Biobank (whether or not inwoiced to the Applicant] in
relation to the Approved Research Project.

Motwithstanding clause 10.1 above, UK Biobank shall have no Liability to the Applicant and the Applicant
shall hawve no Liability to UK Biobank for any:

1021  loss of profit {(whether direct, indirect or consequential);

oy - rrman -A-pou- are- g ontiol ke B
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103

104

10.5

111

11z

113

121

10.2.2  loss of use, loss of revenue, loss of production or loss of business [in each case whether direct,
indirect or consequential);

10.2.3  loss of goodwill, loss of reputation or loss of opportunity (in each case whether direct, indirect
or consequential];

10.2.4 loss of anticipated savings or loss of margin [in each case whether direct, indirect or
consequential);

1025 loss of use or value of any data or software (in each case whether direct, indirect or
consequential); or

10.2.6  indirect or consequential loss.

Mothing in this MTA shall operate to exclude or limit amy Liability which cannot legally be limited
including but not limited to liability for:

1031 death or personal injury caused by neglizence;
10.3.2  forits frawd or fraudulent misrepresentation; and

10.3.3  for amy matter for which it is not permitted by law to exclude or limit, or to attempt to exclude
or limit, its Liability.

For the avoidance of douibt, UK Biobank shall have no responsibility or Liability (including but without
lirmitation any product-related Liability] for any finding, product, test or treatment developed directhy or
indirectly by the Applicant using the Materials.

Mothing in this MTA shall operate to exclude or limit the Applicant’s Liability to Uk Biobank for any loss,
damage, costs or expensas arising from:

1051 the applicant’s failure to comply with clause 9 [Data Protection) and clauses 14.5 to 14.10
imclusive (Third Party Processors);

10.5.2  any breach of clause 2.2 or any circumstance in which the applicant sub-licenses, distributes
or otherwise shares the Materials (including any IPRs) with any unauthorised person or third
party;

1053 any circumstance set out in clauses 4.5 and 4.7; and
10.5.4  any Data Security Incident which is caused by the Applicant.
Term

The term of this MTA shall commence on the Effective Date and shall end on the Completion Date unlass
terminated sooner in accordance with clause 12 or in accordance with [aw.

The Term of this MTA may be extended by the applicant [and with the agreement of UK Biobank) during
the final year of the Approved Research Project in the following one [1) year increments:

1121  fora minimum of period of one (1) year;
1122 fora period of two (2] years; or
11.2.3  fora maximum period of three (3] years;

on application to UK Biobank setting out {in reasonable detail) the reasons for the extension request and
subject to the payment of the relevant further Access Charges.

For the awvoidance of doubt, the extensions set out in clause 11.2 above can be applied cumulatively
|subject to applicable Access Charges) so that, for example, an extension of 3 years may be granted to
take the approved Research Project duration from 3 years to 6 years, and this may then be extended by
a further 3 years to % years and so on.

Termination and consequences of termination

Uk Biobank shall be entitled to terminate this MTA mmediately by written notice to the applicant if the
applicant:

Ler i r v W22
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1211 commits any breach of a material provision of this MTA or a material breach of this MTA, and,
in the case of a breach capable of remedy, fails to remedy the same within 10 days after receipt
of a written notice giving particulars of the breach and reguiring it to be remedied; or

1212 ceases, is likely to cease, or threatens to cease carmrying on business or suffers an Insolvency
Ewent, or is subject to a serious, adverse regulatory finding.

Upon expiry of the MTA pursuant to dause 111 above or termination of this MTA by UK Bicbank
pursuant to clause 12 1 or in accordance with law:

1221 the grant of rights and all licences to the Applicant under this MTA shall be automatically
terminated; and

1222 the Applicant shall destroy the Materials or otherwise render them permanently inaccessible.
For the avoidance of doubt, the Applicant shall not be required to destroy Results Data or Other
Data subject to the provisions of this MTA being complied with.

without prejudice to the foregoing and to any other rights or remedies that UK Biobank may have, Uk

Biobank may take the following steps if there is a breach that entities U Biobank to terminate this MTA
under clause 12 1:

1231 it may prohibit the Applicant PI, Applicant Researchers and any other researchers from the
applicant institution from accessing any further Materials from within the UK Biobank resource
for an indefinite period of time; and/or

1232 it may elect to inform the relevant personmel within the defaulting Applicant Institution,
funders of the defauiting Applicant P1 and/or governing or other relevant regulatory bodies.

Motwithstanding termination of this MTA for any reason, the provisions of dauses 2, 3,4, 5, 7, 8, 9, 10,
12, 13, 14, 16 and 17 shall continue in force in accordance with their respective terms.

Termination or expiry of this MTA shall not affect the rights and obligations of the parties accrued at the
date or termination or expiry.

Motices

Motices required under this kaTa shall be in writing and shall be:

1311  szent by email to the addresses set out below; or

1312  [in the event of failure to deliver an email) by post to the registered address of UK Biobank or
thie Applicant.

any notice shall be deemed to be received:

13.21  if sent by email, upon receipt at the recipient's email server, (or, if this time flls outside
business hours in the place of receipt, when business hours resume); or

1322 if sent by post, on the date of delfvery if a business day in the place of receipt [or, if ot a
business day, on the first business day thereafter).

Maotices to UK Biobank shall be sent to the access team at access@ukbiobank.acuk. Notices to the
applicant shall be sant by email to the relevant applicant and the Applicant P1.

affiliates, assignment and sub-contracting
Affiliates

The rights granted to the Applicant under this MTA for the Approved Research Project include the
Affiliates of the Applicant, subject to the Applicant:

1411 providing updated details of each Affiliate in the annual Project Report submitted to U
Biobank on an annual basis in accordance with clause 7.1 of the MTA;

1412  remaining fully liable and responsible to UK Biobank for all acts, defaults and omissions of each
of its affiliates as if they were the applicant’s own; and

14.1.3  ensuring that each of its Affiliates comply with the terms and conditions of this paTa.

0307 WLI
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1a3
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146

1a7

1as

Assignment

Meither UK Biobank mor the Applicant shall be entitled to assign this MTA or any of its rights or obligations
hereunder without first having received the written approval of the other party, such approval not to be
unreasonably withheld or delayed.

Subcontrocting

other than in the croumstances set out in clause 14.5, the applicant shall not sub-contract the
performance of any of its obligations under the MTA or any part thereof without having first obtained
the prior written consent of UK Biobank, such consent not to be unreasonably withheld.

In the event that consent is granted under clause 14.3, the relevant Applicant shall be responsible for
the acts, defaults and omissions of its sub-contractors as if they were the Applicant’s own, and any
consent given shall not relieve such relevant Applicant of any of its obligations under this MTA.

Third Party Processors

Uk Biobank acknowledges and agrees that the Applicant may subcontract to third party processors to
process the Materials strictly for the Permitted Purpose and only in relation to discrete elements of data
computation and analysis (such processors being, "Third Party Processors”]. The applicant must comply
with, and only engage Third Party Processors stricthy in accordance with the terms set out in clauses 14.6
to 1410 inclusive.

The applicant warrants that the Third Party Processor is not a Collaborator and shall only be engaged for
the purposes of discrete elements of data computation and analysis in relation to the Permitted Purpose
(the "Processor Task™).

Prior to engaging a Third Party Processor, the Applicant shall conduct and document the following
assessment:

14.7.1  whether the Third Party Processor is necessary for the progress of the research aims of the
approved Research Project;

14.7.2  whether the Third Party Processor is a suitable recipient for the data in terms of both its
provenance on past data security and past data usage [ activities (for example Cambridge
analytica would not qualify]; and

14.7.3  whether the Third Party Processor is able to provide sufficient assurance(s) that it shall process
the Materials in a manner that will meet the requirements of Data Protection Legislation.

The Applicant shall:

14.8.1 remain fully responsible to UK Biobank for all acts, defaults and omissions of the Third Party
Processor as if they were the Applicant’s own;

14.8.2 provide only such Materials to the Third Party Processor as is strictly necessary for the Third
Party Processor to perform the Processor Task;

14.83 provide details of each Third Party Processor and the Processor Task in the annual Project
Report submitted to UK Biobank on an annual basis in accordance with clause 7.1 of the MTA;
and

1484 only engage the Third Party Processor on the basis that a written agreement with the Third
Party Processor is executed prior to any data transfer or processing of Materials taking place.
Such agreement must include inter alia:

(a) a clear definition and scope of the Processor Task, including an agreement only to
process the data in accordance with the applicant’s documented instructions;

({b) to authorise the Third Party Processor only to undertake the Processor Task and not to
perform amy other act, unless expresshy authorised to do so;

l¢]  tostore, process and use the Materials to the security standards set out in the MTA (as
a mimimum) and implements appropriate technical and organisational security measures
to protect the Materials against a Data Security Incident;

02072001 L
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151

152

153

16.1

16.2

16.3

15.4

(d) todelete [or render permanently inaccessible) the Materials (and any data generated as
a result of the Processor Task) once the Processor Task has bean completed;

(e} to confirm that the Third Party Processor has no rights [directly or indirectly) in either
any Materals (or data derived therefrom) or frorm anything which the Applicant has
created or done as part of the Approved Research Project (which is covered by the MTA
betwesn UK Biobank and the Applicant];

(f}  toconfirm that the Third Party Processor is bound by the provisions which are equivalent
to the relevant provisions i the MTA, including, but not limited to: a) not to transfer the
Materials (or data derived therefrom) to any third party and b)) not to make any attempt
to re-identify any Participant;

(g]  that the Third Party Processor provides sufficient assurance(s) that it shall process the
Materials in @ manner that will meet the requirernent of Data Protection Legislation; and

(h)  thatthe Applicant has an unfettered unilateral right to terminate its agreement with the
Third Party Processor immediately if a material problem arises (including a breach by the
Third Party Processor of any of the above provisions].

The applicant must keep the activities of the Third Party Processor under reasonable review in order to
ensure compliance with causes 14.5 to 14.10 inclusive.

In the event that UK Biobank raises any concern regarding the identity of the Third Party Processor or
the activities of a Third Party Processor, the aApplicant shall investigate and report on the matter
promptly. Uk Biobank may require, if reasonably necessary (and subject to a dialogue with the
applicant], the Applicant to:

14.10.1 to awdit the Third Party Processor; and / or
14.10.2 terminate the agreement with the Third Party Processor.
Force majeure

If a party is prevented fram, hindered or delayed in performing any of its obligations under this MTA by
reason of a Force Majeure Event, such party shall promptly notify the other of the date of its
commencement and the effects of the Force Majeure Event on its ability to perform its obligations under
this MTA. If mutually agreed by the parties, then the obligations of the party so affected shall thereupon
be suspended for so long as the Force Majeure Event may continue.

The party affected by a Force Majeure Event shall not be liable for any failure to perform or delay in
performing such of its obligations as are prevented, hindered or delayed by the Force Majeure Event
provided that such party shall use every reasonable effort to minimise the effects thereof and shall
resume performance as soon as possible after the remowval of such Force Majeure Event. If the period of
non-performance exceeds 90 days from the start of the Force Majeure Event then the non-affected party
shall have the option, by written notice to the other party, to terminate this MTA by giving thirty (30)
days' written notice to the other party.

The provisions of this clause 15 shall not affect any other right which any party may hawve to terminate
this MTA.

Dispute resolution
If a Dispute arises, the parties shall follow the procedure set out in this clause 16.

Either party may give the other party written notice of a Dispute, setting out its nature and full particulars
|"Motice of Dispute"), together with relevant supporting docurnents. Within five [5) business days of
sarvice of the Motice of Dispute, a Uk Biobank representative and a representative from the applicant
shall atternpt in good faith to resolve such Dispute.

If for any reason the respective representatives of the parties are unable to resolve the Dispute within
ten [10] business days of the Motice of Dispute, then any of the parties involved inthe respective Dispute
may refer it for disoussion by UK Biobank's Principal investigator and appropriate senior officens) of the
applicant. These senior representatives of the parties (or their respective nominees) shall sesk to
arrange a meeting or telephone or videoconference call promptly with a view to resolving the Dispute.

If, following escalation of any Dispute as set owt in clawse 16.3, UK Biobank's Principal Investigator and
appropriate senior officer(s) of the Applicant are for any reason unable to resclve the Dispute within

LerXir s L
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17.2

17.3

17.4

17.5

17.6

17.7

178

179
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thirty (30) business days of it being escalated to them, then the parties agree to enter into mediation in
good faith the settle the Dispute in accordance with the Centre for Effective Dispute Resolution [CEDR)
KModel Madiation Procedure. Unless otherwise agreed betwean the parties within 20 business days of
service of the Motice of Dispute, the mediator shall be nominated by CEDR. To initiate the mediation, a
party must serve notice in writing to the other party to the Dispute, referring the Dispute to meadiation.

For avoidance of doubt, Disputes with respect to scientific or technical issues or business decisions, and
not legal isswes, shall remain with senior representatives to be resolved.

If the Dispute is not settled by mediation within 10 business days of commencement of madiation or
within such further period as the parties may agree in writing, either party may issue court proceadings
in accordance with clause 17.10 of this MTA.

Mothing in this clause 16 shall serve to prevent any of the parties from seeking imterim/injunctive relief
to protect its rights and interests in any couwrt of England and Wales; provided that such relief shall not
prevent or stay any mediation.

Genaral

The parties agree that the Applicant may change the Applicant Pl at any time, and from time to time, by
written notice to UK Biobank.

This MTA governs and constitutes the entire agreement between the parties and supersedes, replaces
and extinguishes all previous agreements, promises, assurances, warranties, representations and
understandings between themn [whether aral or written) relating to the subject matter hereof. Further,
each party acknowledzes and agrees that it does not rely on, and shall have no remedy in respect of, any
statement, promise, assurance, statement, warranty, undertaking or representation made [whether
innocently or negligently) by the other party or any other person except as expresshy set out in this MTA
in respect of which its sole remedy shall be for breach of contract.

If there is any conflict betwean the provisions of this MTA and any of the Annexes, then the provisions
of the relevant Annex shall apply.

& waiver, delay or forbearance by any party, whether express or implied, in enforcing or exercising any
of its rights or remedies hereunder shall not constitute a waiver of such right or remedy, unless set forth
im a writing signed by the waiving party.

Mo provision of this MTA is intended to be enforceable by any person wha is not a party to this MTA and
nar are any rights granted to any third party under statute or otherwise.

Mothing in this MTA shall create a partnership, joint venture or relationship of agency among the parties.

all variations to this MTA must be agreed, set out in writing and signed on behalf of the parties before
they take effect.

if any provision or part-provision of this MTA is or becomes invalid, illegal or unenforceable, it shall be
deemed deleted, but that shall not affect the validity and enforceability of the rest of this pMTA.

If any provision or part-provision of this MTA is deemed deleted under clause 17.8, the parties shall
negotiate in good faith to agree a replacement provision that, to the greatest extent possible, achieves
the intended commercial result of the original provision.

This MTA and any dispute or daim (including non-contractual disputes or claims) arising out of or in
connection with it or its subject matter or formation shall be governed by and construed in accordance
with the laws of England and Wales. Subject to clause 16 above, the parties irevocably agree that the
English courts shall have exclusive jurisdiction over any suit, action, proceedings or dispute arising out
of, or in connection with this MTA or its subject matter or formation.

This MTA is executed by duly authorised representatives of the parties.

For and on behalf of UK Biobank: For and on behalf of the Applicant Institution:
Signature: = T Signature; o Cesianed s
! W Tim Hewer
Print name: Jgnathan sellors Print name: Br 45 darhe
POSItION:  caparal counsel & Company SecretaryPOsition: o rector of Research
Date: 5/4/2022 Date: 14/2/2022
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1 am the applicant Principal Investigator of this Approved Research Project and by signing below | confirm that 1
have read and understood the provisions of this MTA.

sig — [ Cemiibigrad o

--.-_m::r‘ e

Primt namee: Esﬁniéusrace Fojas
Position: mrg Researcher
Date: 14/2/2022
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Drefiniticns

Access Charges: the charges payable by the applicant (which may include VAT) to access the Materials and, where
applicable, to allow a Collaborator access to the Materials as summarisad in annex 4 and detailed in the paymeant
saction of the Application on AMS.

Affiliate: amy company or other entity that is directly or indirectly Controlling, Controlled by or under commaon
Contrad with an Applicant (which includes if such Applicant is a company, a subsidiary or parent or holding
company of such applicant, or a subsidiary of such parent or holding company) for so long as such Control exists.

All Rreasonable Endegvouwrs: in respect of a party obliged to use “all Reasonable Endeavours”, the pursuance of a
reasonable course of action to achieve the stated outcome which may require reasonable expenditure, but does
not require the party to pursue every available course of action to achieve the outcome or act outside its own
operational or commercial interests.

Ans: the online Access Management System the Applicant uses to apply for and manage its access to the UK
Biobank resource.

Applicant or Applicant Institution: the crganization (e.g. University, company or other identifiable legal entity)
making the Application for access in respect of the Approved Ressarch Project and by which an applicant Pl is
employed or otherwise contractually attached.

Applicant’s Confidential information: as defined in clause &.1 of this MTA.

Applicant-Generoted Inventions: as defined in clause 3.5 of this MTA.

Applicotion: the application by the applicant Pl and their Institution to UK Biobank for access to the Materials for
wse in relation to the Approved Research Project.

Applicant Principal investigator or Applicant PI: the principal investigator of the Approved Research Project.

Applicant Researcher: a researcher at the applicant who is working with an Applicant PI on the Approved Resaarch
Project.

Approved Research Project: the research project approved by UK Biobank | specifically including any conditions or
stipulations made by UK Biobank] and as set out in Annex 4.

C2C Model Clowses: the model clauses for the transfer of personal data to controllers established in third countries
approved by the European Commission, the approved wersiom, of which, in force at present is that set out in the

European Commission’s Decision 2004/915/EC of 27 December 2004 [available at h feur-lex. europa.eu/legal-
content EM/THT/ uri=CELEX %343 200400315), as such model dauses may be amended or superseded by the

Secretary of State or standard data protection clauses specified in a document izsued (and not withdrawn) by the
UK Inforrmation Commissionser;

Coloborator or Collaborator institution: the organization [e.g. University, company or other identifiable legal
entity] which employs the Lead Collaborator whao is collaborating with the applicant PI on the Approved Research

Project.

Coloborator Researcher: a researcher who is working with the Lead Collaborator at a Collaborator Institution on
the Approved Research Project.

Completion Dote: the date or dates contained within Annex 4 for the end-date of the Approved Research Project,
including amy extensions.

Control: means the direct or indirect ownership of at least fifty percent (50%) of the outstanding shares or other
woting rights of the subject entity having the power to wote on or direct the affairs of the entity [or such lesser
percentage which is the maximum allowed to be owned by a foreign company in a particular jurisdiction), and
“Ccontralling” and “Controlled™ shall be construed accordingly.

contreller, processor, data subject, personal dota, processing (and process) ond special categories of personal
dota: have the meanings given in Data Protection Legislation;

Data Protection Legisiagtion: means all laws applicable (in whole or in part) to a party's processing of personal data
wnder or in connection with this MTA, and induding, as applicable: (i) the GDPR as it forms part of UK law by virtue
of section 3 of the European Union [Withdrawal] Act 2018 (the "UK GDPR"); (ii) the UK Data Protection Act 2018;
{iii] the Privacy and Electronic Communications [EC Directive] Regulations 2003 as they continue to hawve effect by
wirtue of section 2 of the Eurcpean Union [Withdrawal] Act 2018; and [iv]) any other laws in force im the UK from

02072008 W2z
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time to time applicable (in whole or in part) to the processing of personal data, in each case as amended or
superseded from time to time.

Dota Security incident: as defined in clause 4.2 of the MTA.

Dispwte: any dispute, controversy, procesding or claim [including any legal disputes) betwean UK Biobank, on the
one hand, and the applicant, on the other hand, arising out of or in connection with this MTA or the performance,
validity or enforceability of it.

Effective Date: the date on which this MTA is executed by an authorised signatory of UK Biobank, having already
been signed by the Applicant Institution and signed as “read and understood™ by the relevant Applicant PL

Fimdings: as defined in clause 3.1_2 of this pMATA and shall mean literally what is found, in terms of conclusions and
results, by the applicant as a result of the Approved Research Project. For clarity, Findings do not include
Applicant-Generated Inventions and nor do they include findings which result from data which is not UK Biobank
Materials.

Force Majewre Event: any cause which arises from or is attributable to acts, events, omissions or accidents beyond
the reasonable control of the affected party including without limitation act of God, war, riot, civil commaotion,
non-performance by sub-contractors or suppliers, compliance with any law or governmental order, rule,
regulation or direction, accident, breakdown of plant or machinery, supply failure, epidermic, pandemic, fire, flood
or storm.

insofvency Event: means where a person is unable to pay its debts within the meaning of the Insolvency Act 1986
section 123 (without the need for a determination by a cowrt), has an administrator, receiver, administrative
recerver or manager appaointed owver the whole or any part of its assets, enters into any composition with creditors
generally, or has an order made or resoluticn passed for it to be wound up [unless as part of any scheme for
solvent amalgamation or solvent reconstruction) or undergoes any similar or equivalent process in any jurisdiction
or undergoes any other arrangement which affects the rights of creditors;

intellectual Property Rights or IPRs: all present and future intellectual property rights including but not limited to
patents, trade and service marks, design rights, copyright, database rights, trade secrets and know-how, in all
casas whether registered or not or registerable, and including all registrations and applications for registrations of
any of these and rights to apply for the same as well as any renewals, extensions, continuations, combinations or

divisions thereof, and all rights and forms of protection of a similar nature or having eguivalent or similar effect
to any of these amywhere in the world.

Lead Colloborotor: the lead investigator at a Collaborator Institution.
Ligbility: |mbility arising out of or in connection with this pTA, whether in contract, tort, misrepresentation,
restitution, under statute or otherwise, including but not limited to arising from a breach of, or a failure to perform

or defect or delay in performance of, any of a party's obligations under this MTA, in each case howsoever causad,
imncluding if caused by negligence.

Materials: the data as set out in Annex 4 supplied by LUK Biobank to the Applicant under or in connection with this
MTA including any Participant Level Data.

MTA: this Material Transfer Agreement, the Applicant Terms and Conditions (including any documents and,or
materials that are referred to in them), the Annexes amnd where applicable the contents of the Applicant’s
application Form.

Notice of Dispute: as defined in clause 16.2 of the MTA.
other Dota: as defined in clause 3.1.3 of the MTA.
Participant|s): the individuals who participate in UK Biobank.

Participont Level Dota: the personal data as described in Annex 1 contained within the Materials and any
applicable generated data [as described in clause 3.1 of the PTA).

Permitted Purpose: to conduct the Approved Research Project in accordance with the approved project scope
and the timeframe as set out in the Annex 4, subject to the provisions of this PMTA.

Results Dota: as defined in clause 3.1.1 of this MTA.
Term: as defined in clause 11.1 of this MTA.

Third Party Processors: as defined in clause 14 5 of this MTA.

[er o ipfpies ] L]
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WAT: value added tax chargeable under the value Added Tax Act 1554 (and all amendments and updates therato)
or any similar replacement or additional tax.

Lard o ipfrsirs | I3
)



CocuSign Envelops I0: CODFEST-~4DO0-4 382-24EE-AI2TERITIES

Mew Appdicast BTA — Data Ok (2021]

annex 1
Data Processing Description

This annex 1 forms part of this MTa and describes the types of Participant Level Data disclosed by UK Biobank to
the applicant, the aApplicant PI and Applicant Researchers to process strictly for the Permitted Purpose described
in this BATA {or as otherwise agreed in writing by the parties].*

Data subjects

The Participants

Categories of data

The Participant Level Data to be processed concern the following categories of personal data:
= EIDs — the encoded and unigue pseudonymized identifiers, which are specific to the
Approwved Research Project; and
= data derived from baseline guestionnaire responses and interviews which do not contain
specizl category data, such as birthplace. early life and eduction, employment history.
marital status and number of children.

Special categories of data

The Participant Level Data to be processed concern the following special categories of data:
The UK Biobank resource contains health, genetic and biometric data. All specizl categories of
data contained in the Materials is de-identified |the direct and indirect identifiers are removed).

The types of specizl category of data may incude:

= measures of the Participant’s phenotype, such as height, weight and blood pressure
|=pproximately 2,000 phenotypes per Participant, as further detailed here
httoc//bichank.ndph.ox.ac uk/showcase /schema.czifid=1 |

= measures of the Participant’s genome, this includes penotype, exome sequence and
whole sequence data;

= biomarkers created by assay of the Participant’s samples, which include commaon
biomarkers [such as cholesterol), infectious disease markers, proteosmic and
miet= bolomic markers;

= imaging data [on up o 100,000 Participants) as the result of MBI scans of the head, the
heart and the body, plus vltrasound and DEXA;

= data derived from health record linksges including hespital records, primary care reconds,
death and cancer registries or any other sources of dirical data; and

=  gther special category datz derived from baszlinefonline questionnaire responses and
interviews, such as past illlness  disease history, dietary. cognitive and physical measures.

Purpose of the transfer

The transfier is made to allow the Applicant o conduct the Permitted Purpose.

Recipients

The Participant Level Data transferred may be disdosed only to the following recipients or
categories of redpients:

= authorized personnel within the Applicant, namely the Applicant Principal Investigator

and Applicant Researchers;

=  Third Party Proo=ssors subject to the relevant provisions of the MTA;

=  Affiliates subject to the relevant provisions of the MTA;

= law enforcement sgencies acting under Data Protection Legislation;

=  the relevant dats protection suthority acting under Data Protection Legislation: and

= zuditors (UK Biobank or appropriate third parties).

Processing activities

The Participant Level Data will be subject to the following basic processing activities:

= access and use of Participant Level Data within the resesrch anzlysis platform for the
Permitted Purpose:;

=  where spproved by UK Biobank the transmission to, making available to and storage on
the Applicant’s systems/network servers, excluding any WGS (whole penome seguence]
or WES |whole exome seguence] files which must not be transmitted or downlozded
from the research analysis platform:

= research operations, induding a Processor Task by & Third Party Processor; and

=  risk management, compliance, kegal and swdit functions.

UK Bicbank’s lawful basis for
sharing personal data

Personal data:

= Legitimate interests (Article G{1)[f) UE GDPR)
Special categories of data:

=  Scientific research purpose [Artide B 2] VK GDPR)

UK Bicbank's PO contact
details:

DPOi@ukbiobank.ac.uk

Bpplicant's DO [or other
person responsible for data
protection) contact details:

d ran Blachford, chief operaving officer
darvaprotection@scaffs. ac. uk

 Fur further infofmatios st this MTA S Data Protection claidies and an explanatios of UK Bisbaslk's positkes i relation o Data Protection, please see the
F&Qs an the UK Bobask websie fahic shall B cpadated by UK Bobank from tsss 1o tme).

Wiz

OF fO 20
18




DocuZign Envelops ID: CODFESTF -4 D004 382-34EE-AJJIESIATIES

s Bppdicast MTA — Data Only (2021]

annex 2
Sacurity Measures

UK Bicbank has am obligation under the UK GDPR to ensure that its Materials are stored, retrieved and used
sacurely, with appropriate organisational and technical measwres in place. UK Biobank must also take reasonable
steps o ensure that Materials it shares continue to be protected with adequate security. This Annex 2 forms part
of the MTA and represents a generic level of security standards for data storage, retrieval and usage that the
applicant must comply with. This Annex 2 may be updated by UK Bixbank from time-to-time.

The objective of these sacurity measures is to ensure that Materials provided by UK Biobank are secured and
treated as though they are personal data, with appropriate measures in place to restrict access only to authorised
users and to protect from unauthorised access by internal and external parties.

1.

11

Information security policy

The applicant shall implement and maintain a written information security policy that specifies the
technical and organisational measures it shall apply to protect the Materials it processes in accordance
wiith this MTA against unauthorised access and/for unlawful processing. The information security policy
shall also describe the measures to be taken in the event of an actual or suspected data security breach.

The Applicant shall appoint a duly skilled individual with responsibility for ensuring the security of the
Materials processed by the Applicant in its organisation and for reviewing, maintaining and updating the
applicant’s information secwrity policy.

The applicant shall ensure authorised individuals who have access to the Materials are aware of their
responsibilities for amy data they handle, including appropriate traiming in order to fulfil their roles.

The information security policy shall also set out that:

141 information shouwld be stored in an environment suited to its format and sensitivity, to ensure
its preservation from physical harm or degradation and its security from unauthorised access;

1432 data storage dewvices are appropriately protected and access controlled; and

143 sarvers, client devices and applications used for storing, accessing and analysing UK Biohank
Materials are appropriately maintained with operating systems, firmware, and software within
wendor supported versions where exceptions are documented with mitigations described.

Access to data

The Applicant shall implement access controls that restrict access to data it processes to duly authorised
individuals and only to the extent necessary for the performance of their duties. Access should be
controlled with usermames and appropriately secure passwords, with consideration given to the use of
muiti-factor authentication methods. Access logging and monitoring showld be put in place.

The applicant shall enswre that authorised individuals do not share or use the same ussrname, and
exceptions must be docurnented with adequate mitigations described and auditable.

The applicant shall identify and appoint a duly skilled administrator with responsibility for granting,
changing or voiding data access privileges; access privileges should be periodically reviewad.

whera an individual whio has access to the Materials leaves or has their authorisation removed (e.g. as
a result of a change of role) the Applicant P1 shall ensure that their status is updated within 24 hours.

Storage and transmission of data

where practicable data shouwld be encrypted at rest and during transmission wsing strong encrypticn
techniques; best practices showld be followed for key managermeant.

use of portable media should be avoided unless reasonably reguired to process the data. where needead,
data must be encrypted using a strong password or other secret information.

any deletion of data should be permanent and deleted data should not be recoverable.

an information asset register should be maintained so that all UKE data can be removed on request or
at the end of the agreement.

O3 T a0 VI3
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annex 3
annual Project Report Template

The purpose of this Annex 3 is to provide the Applicant PI with a template of the Annual Project Report Form that
will need to be completed and submitted to UK Biobank on an annual basis (the annual anniversary of the Effective
Date). For the avoidance of doubt, the applicant Pl is not required to complete this form on execution of the MTA.

UK Biobank reserves the right to update this form from time to time including the manner inowhich it is submitted.
Up-to-date wersions of the form and instructions for submission are accessible on UK Biobank™s A5 and website.

Applicant Annual Project Report

Every year. the Applicant Principal Irvestigator [Pl for 3 UK Biobank Resezrch Project is reguired to provide some information
regarding their project and confirmation that they are complying with the terms of the Material Transfer Agreement [BTA]L
Please complete and upload this report to the SAocess Management System [AMS). For help, please see gur AMS User Guide on
the UK Biobank website. (Failure to provide this report will result in additional data mot being available for the project, and
continued failure to comply could lead to the project being terminated and future spplications dedlined. ]

Research Project Number:

Date report completed:

Are all Collaborators ourrenthy accessing UK Biobank data for this R ch Project d in the Collaborators list in AMS5?

if mo, piacse ask oAy unrn_m'mmn’ collgborabors bo submd o rpgi.:r.ml:ian o5 sooe n:\:lnn-:.cibln. Aftar
Yes / Mo ragistrotion gpproval pou con odd Hhem to the Coloborohor list PleTse ramove ony collaborators
wito are ng fonger ooressing LW Biobank doto.

Please provide the names of any Afiliates” who hawve sccess to UK Biobank data for this Research Project. If none, please
say oo

BAffiliates:

Please provide the names of any Third Party Processors who process UK Biobank data as & sub-contractor for this Research
Project and provide details of the tasks the Third Party Processor conducts on your behalf. If none, please say so:

Third Party Processors:

Third Party Processor tashks:

Please provide an upd [with a ry section] on the progress of your Research Project and your plans for the mext 12
momths:

Progress to date:

Plans for the next 12 months:

Please provide details of any research output [=_g. b=ites, p , GWAS summary statistics location) and list all
publications (including pre-prints and peer-reviewed publications) that derive from this Project since your kast Annual
Project Report. f none, please say soc

Research Output:

Publications: [in the format: first cuthor, peor,. title, journal, PMID, DOV, web links to papers/patents)

" Am ANTiate medns ahy compasy oF Sthet estity thal ks drecthy o iedinectly Controlling. Controlled by of undes comimes Cor
Ireciuiddes IT 5ok Agplicant s a commgsaiy, @ sulcidlary oF gar of holling compasy of such Seplicant, of @ subskfiary of such par
s fong i such Control axias. Please dee the definition of "Contral® s e MTA For fumbes islssmatios

wl with an Applcam [which
Lor hokfing company] ke

Lerl i mprtie s Wiz
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confirm that:
| am the Applicant Pl of the Research Project identified sbowe;

| am zware of 2l research being undertzken for the Research Project identified abowe; and

The prowvisicns of the Material Transfer Sgreement {incduding but not limited to the
Annexes) are being complied with.

Mote: please sawe as a . pdf document and upload in AMS

[srd ipfr ks ]
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Annex 4

Approved Research Project

Approved Application Reference Number: 77577

Approved Application Name: Metabolic Syndrome-associated Genes and Progression to Type 2 Diabetes and
Cardiovascular Disease in Adults

Details of the Approved Research Project (including the Project Scope, Timeframe, Materials (together with
any specific conditions), Access Charges and Collaborators can be accessed here:
approved project details

Change Requests

The following requests can be made via the UK Biobank Access Management System [AMS) and shall be
subject to review and approval (and where applicable, additional Access Charges):

* Reguests to extend the Project Scope
* Reguests to extend the project duration
* Reguests to add additional data to the Approved Research Project

UK Bicbank will also fadilitate the following changes to the Approved Research Project where this is
required by the Applicant:

* Add additional Collaborators to the Approved Research Project (subject to the applicable Access
Charge)

* Changes to the Applicant Pl of the Approved Research Project
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ETHICAL APPROVAL FEEDBACK

Researcher name: | Esphie Grace Fojas

Title of Study: SU 21 086 Metabolic Syndrome (MetS)-Associated Genes and
Progression to Type 2 Diabetes and Cardiovascular Disease in Adults
{approved by the UK Biobank)

Status of approval: | Approved

Thank you for addressing the committee’s comments. Your research proposal has now
been approved by the Ethics Panel and you may commence the implementation phase of
your study. You should note that any divergence from the approved procedures and
research method will invalidate any insurance and liability cover from the University. You
should, therefore, notify the Panel of any significant divergence from this approved
proposal.

You should arrange to meet with your supervisor for support during the process of
completing your study and writing your dissertation.

When your study is complete, please send the ethics committee an end of study report. A
template can be found on the ethics BlackBoard site.

Signed: Date: 31% January 2022

g NL

Dr Edward Tolhurst

Chair of the Health and Social Care Ethics Panel



RESEARCH ETHICS

Proportionate Review Form

The Proportionate Review process may be used where the proposed research raises only minimal ethical risk.

This research must: foous on minimally sensitive topics; entail minimal imtrusion or disruption to others; and

inwolve participanmts who would not be considered wulnerable in the context of the research.

PART A: TO BE COMPLETED BY RESEARCHER

Mame of Researcher:

Esphie Grace Fojas

Schoaol

staffordshire University

student/Course Deatails [If applicable)

Student ID Number:

foz2210j

Mame of Supervisor|s)/mModule Tutor: prof. Roozbeh Masmi

Pho/mPhil project:

=

Taught Postgraduate
Project/Assignment:

Undergraduate
Project/Assignment:

|:| award Title: Profescional Doctorate in Healthcare Science

D module Doctoral Research Thesis
Title:

Project Title:

mMetabolic Syndrome [MetS)-Associated Genes and Progression to Type 2
Diabetes and Cardiovascular Disease in Adults (approved by the UK Biobank)

Project Outline:

Airm:

This study aims to investigate the genes linked to progression to Type 2
Diabetes (TZ2D) and Cardiovascular Disease (CWD] in adults with metabaolic
syndrome [Rets).

ohjactives:

(1} identify all MetS-associated genes from genome-wide association studies
[Ewass) through literature review process

(2]} identify individuals with Mets-associated genotype from the UK Biobank
(3} Characterize Met5 amongst the dentified individuals

(4]} identify genes which predispose individuals with pets for the development
of T2D and CVD

context of the Investigation / Synopsis:

mMetabolic syndrome (Mets) is the clustering of CWD and T2D risk factors
including abdominal obesity, dyslipidemia, hypertension, and hyperglycemia.
although extensive investigations on individual components of Mets have been
widely reported, studies on Mets as an entity are notably scarce in general, and
genetic studies are limited in particular. With the burgeoning rise in prevalence
of CWwD and T2D along with associated mortalities, healthcare burden, and
economic impact around the waorld, investigating causative aspects of the
disease is crucial. This includes exploring the genetic basis of the disease across
different populations and investigating other relevant factors such as sex,
soCioeconomic status, lifestyle, and medications. With the adwvent of
personalized medicine, an increasingly applied treatment modality for various

University Research Ethics Committee (February 201E)




diseases, this may prove timely and beneficial. Although GWASs have identified
MetS-specific assodated genes, the incidences of T2D and CVD in the cohorts
were ambiguously evaluated, with consideration of confounding factors. In this
light, this study aims to investigate the genes linked to progression to T2D and
CVD in adults with MetS amongst participants in the UK Biobank.

Theoretical Basis:

Mets is a major non-communicable health hazard globally and has seen
unprecedented rise in the recent decades, associated with the rapidly
increasing obesity prevalence. MetS, a constellation of CVD and T2D risk
factors, is characterized by abdominal obesity, insulin resistance, hypertension,
and hyperlipidemia. T2D has become one of the major causes of premature
illness and death mainly through this increased risk of CVD which is responsible
for up to 80 per cent of these deaths. (1) The definition of MetS has not been
made universal, however, and recognized international authorities such as
World Health Organization (WHO), National Cholesterol Education Program
(NCEP), International Diabetes Federation (IDF), American Association of
Clinical Endocrinclogists (AACE), and European Group of Insulin Resistance
(EGIR) hawve issued similar, yet specific guidelines. (2,3)

Mumerous research studies have widely investigated on the ocourrence of
individual risk factors which comprise MetS and their associations, such as
dyslipidemia and diabetes (4, 5). Several investigations from linkage analysis,
candidate gene approach and GWASs have likewise focused on the causative
genetic aspects and established heritability of a single Mets component. The
heritability of each component individually was found to be between 16-60%:
with lipids,/glucose and obesity at 44% and blood pressure at 20%, while a
study done in ltaly found the heritability of MetS to be 27% (2). MetS treatment
and therapies are also primarily targeted on only one metabolic trait. As such,
Mets medication categories include antidiabetics (metformin,
thiazolidinediones, SGLT2 inhibitors, glucagon-like peptide-1 agonist), lipid-
lowering agents (statins and non-statins), ACE inhibitors, ARBs, and antiplatelet
agents (B). There are also combinations of these drugs, primarily
antihypertensives and lipid modifying drugs, known as the polypill which is
gaining increasing recognition and use (7).

Lifestyle modification, primarily in the form of reduced caloric intake and
increased physical activity, is still the chief preventative measure or even
treatment for less severs Mets or Met5S-related conditions because this has
been largely shown to improve metabolic outcomes (8,9). Some specific types
of diet have likewise been investigated for this purpose, along with the role of
dietary fats and oils [10,11). Furthermore, in light of personalised treatment
approach, physical exercise prescription like a drug’s dose has also been
evaluated and suggested (12). Other less common studies and implicated
therapies are on dietary supplemenits and nutritional anti-inflammatories in the
prevention and treatment of MetS and T2D (13). Bariatric surgery (BS), also
known as metabolic surgery, has also been increasingly practiced over the past
decades primarily to curb morbid obesity along with its comorbidities (14).

A recent (2019) GWAS on MetS was performed from the UK Biobank wherein
93 independent loci have been identified to be associated with MetSs, B0 of
which were novel. (15) Seven genes of particular interest were noted: five
(WDR48, KLF14, NAADLL, GADD45G, and ORSR1) were not previously
associated with any MetS component; and two (SNX10, C5orfe7) were
associated with all five MetS components in previous studies- these genes may
be investigated further in subgroup analyses in this study. Additionally, the
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