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ABSTRACT 

Atherogenic modification of low-density lipoprotein (LDL) and impaired high-density 

lipoprotein (HDL) functionality are key contributors to atherosclerosis and 

cardiovascular disease (CVD). Markers of LDL modification and HDL functionality 

are therefore important biomarkers of CVD risk that could help provide insights into 

the underlying pathophysiology and the impact of risk modification therapies. 

Oxidative modification of LDL results in generation of various oxidation specific 

epitopes, including oxidised phospholipids (OxPL) which are preferentially bound to 

lipoprotein(a) [Lp(a)] in circulation. OxPL measured on apolipoprotein B-100 (OxPL-

apoB) is closely associated with Lp(a) and both are independent predictors for CVD. 

HDL has multiple atheroprotective functions including cholesterol efflux capacity, and 

more recently, it has emerged as a transporter of micro-ribonucleic acids (miRNA) 

which have been shown to confer some of the protective effects of HDL. 

This thesis examined these lipoprotein markers of CVD risk in obesity and the 

changes that occur after bariatric surgery, as well as in polycystic ovarian syndrome 

(PCOS) with specific focus on the impact of insulin resistance. The effects of 

extended release niacin and laropiprant (ERN/LRP) added to statin therapy on levels 

of OxPL-apoB and Lp(a) were also assessed.  

Studies in this thesis demonstrated a divergence in OxPL-apoB and Lp(a) following 

bariatric surgery which was not previously reported. The decrease in OxPL-apoB 

reflect an overall reduction in oxidative stress while the increase in Lp(a) was 

postulated to relate to improvement in hepatic steatosis and function resulting in 

increased hepatic synthesis. Expression of specific HDL-associated miRNAs were 

increased after bariatric surgery, in association with improvements in other markers 

of HDL functionality, indicating an overall improvement in HDL function. Insulin 

resistance was shown to be a key factor underlying the CVD risk associated with 

PCOS, which was reflected by impairment in HDL functionality and markers of 

oxidative modification and glycation of LDL. Levels of OxPL-apoB and Lp(a) can be 

impacted by lipid-modifying therapies, and reduction in Lp(a) but not OxPL-apoB was 

observed with ERN/LRP when added to statin therapy.   
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CHAPTER 1: INTRODUCTION 
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1.1 CARDIOVASCULAR DISEASE: DEFINITION AND EPIDEMIOLOGY 

Cardiovascular disease (CVD) is the leading cause of mortality worldwide, with an 

estimated 17.9 million deaths annually, accounting for approximately one third of all 

mortality globally.1 The World Health Organization (WHO) defines CVD to include 

coronary heart disease (CHD), cerebrovascular disease, peripheral vascular disease 

(PVD), hypertension, heart failure, rheumatic heart disease, congenital heart 

disease, and cardiomyopathies.1 Atherosclerotic CVD (ASCVD) comprises mainly of 

CHD, cerebrovascular disease, and PVD; and accounts for the majority of CVD 

mortality.1 

CVD is more prevalent among the developing world, and although there has been a 

recent decline in age-standardised mortality and premature mortality in the UK,2 it 

remains a close second in cause of death behind cancer, and the burden of disease 

extends beyond the mortality figures.3 Despite the decline in mortality, the 

prevalence of CVD in the UK is a relatively constant trend, based on data from the 

Quality and Outcomes Framework, and numbers for CVD-related hospital 

admissions and prescriptions, and percutaneous coronary interventions have all 

increased markedly reflecting the rising health burden of CVD. The annual costs 

attributed to CVD are estimated at £7.4 billion in direct healthcare cost and £15.8 

billion to the wider economy.4  

Mortality and morbidity statistics show evidence of wide inequalities across Europe, 

with similar trends of declining CVD mortality in Western Europe, but much higher 

rates in Eastern Europe.5 Similar to the UK, there were increasing rates of 

hospitalisation and transluminal coronary angioplasties across most countries,5 and 

high disability-adjusted life years of over 150 per 1000 population in a number of 

countries amid a wide range reported across Europe.6 In the United States, despite 

mortality rates trending downwards over the past decade, CVD remains the leading 

cause of death, with mortality rates exceeding cancer and lung disease combined.  It 

is estimated that close to half the population in the United States will have some form 

of CVD leading to an estimated total cost of $1.1 trillion by 2035.7 
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1.2 ATHEROSCLEROTIC CARDIOVASCULAR DISEASE: PATHOPHYSIOLOGY  

Although the CVD umbrella covers a wide range of disorders affecting the heart and 

vasculature, ASCVD is the predominant contributor of mortality and morbidity,1, 3 

making atherosclerosis the most important underlying pathological process in CVD. 

The understanding of the pathophysiology of ASCVD has developed and evolved 

significantly over the past few decades, and is now established as a pathological 

inflammatory process in the arteries driven by lipid, metabolic and immunological 

alterations.8, 9   

 

1.2.1 INFLAMMATION 

Atherosclerosis is a lipid-driven inflammatory process affecting the intima of the 

arterial wall.10 It had been historically considered a disease of lipid accumulation until 

the role for inflammation came to prominence towards the end of the twentieth 

century.11 There is now compelling evidence for the activation of inflammatory 

pathways in response to oxidative modification of lipoproteins and alterations to the 

vascular structure, leading to activation of immune responses.12  

Early in the atherogenic process, there is increase in adhesion molecule expression 

within endothelial cells which supports recruitment and attracts binding of 

leucocytes.13 Vascular adhesion molecule-1 (VCAM-1) in particular have an 

important role in recruitment of monocytes to the atheroma, which then differentiates 

into macrophages, a process which involves internalisation modified lipid particles 

resulting in foam cell formation.10 Foam cells contribute to the inflammatory process 

by secreting pro-inflammatory cytokines, and through the release of growth factors 

and matrix metalloproteinases (MMP), contributes to atheroma progression and 

plaque instability.14, 15 

T lymphocytes are also key contributors to the inflammatory process of 

atherosclerosis and their recruitment and binding are also enhanced by VCAM-1.10 

Within the atheroma, T lymphocytes differentiate into T helper cells when presented 

with antigens often generated during oxidative modification of lipoproteins.16 Pro-
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inflammatory T helper cells tend to predominate within the atheroma, producing pro-

inflammatory cytokines, some of which can in turn enhance macrophage expression 

of tissue factors, MMP and pro-inflammatory cytokines.17     

Nuclear factor κB (NF-κB) is a major transcription factor in inflammatory response, 

and its activation has been demonstrated in atherosclerotic lesions involving various 

cell types including smooth muscle cells, macrophages and endothelial cells. NF-κB 

is involved at different stages along the inflammatory process underlying 

atherosclerosis, from LDL modification, to production of chemokines, expression of 

adhesion molecules, and activation of endothelial cells.18  

In addition to atheroma formation and progression, inflammation also contributes to 

plaque disruption and rupture. This can occur through activation of MMP as 

described above leading to degradation of the sub-endothelial membrane and 

superficial erosion.19 Furthermore, pro-inflammatory cytokines can inhibit production 

of collagen which provides the tensile strength of fibrous cap crucial for plaque 

stability,20 and adding to this, MMP also have collagenolytic properties and their 

overexpression have been found in atheromatous plaques,21 resulting in an 

atheroma of weak structure susceptible to rupture.  

 

1.2.2 OXIDATIVE STRESS 

Oxidative stress is closely linked to inflammation and is central to the atherosclerosis 

process. It can arise from common risk factors for CVD such as smoking, 

hypercholesterolaemia, hypertension, type 2 diabetes, and obesity through 

generation of reactive oxygen species from endothelial cells, vascular smooth 

muscle and adventitial cells.22 Oxidative stress reflects the imbalance between 

oxidant and anti-oxidant mechanisms culminating in generation of reactive oxygen 

species (ROS) (Figure 1.1). Key components of the oxidant system include 

nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, xanthine oxidase, 

lipoxygenase, mitochondrial superoxide, nitric oxide synthase, and myeloperoxidase; 

and once activated, result in generation of ROS such as superoxide anions and 

hydrogen peroxide.23 The anti-oxidant system, conversely, reduces the oxidative 
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process through removal of ROS. Superoxide dismutases convert superoxides to 

hydrogen peroxide which is then further converted into water and oxygen by 

catalases.24 Paraoxonases and nitric oxide (NO) are also a part of the anti-oxidant 

system and have significant roles in inhibiting lipoprotein oxidation and reducing 

oxidative stress.25, 26 ROS exerts a range of atherogenic effects, and of great 

importance are its interaction with NO and its effect on lipoprotein modification. 

The anti-atherogenic effects of NO are well documented. NO is released from the 

endothelium as a defensive mechanism against atherogenic vascular injury.27 It 

exerts protective effects against oxidative modification of low-density lipoprotein 

(LDL), immune activation and leucocyte migration, platelet aggregation and 

adherence, and vascular smooth muscle proliferation.27, 28 NO is a potent 

vasodilator, as well as a regulator of vascular tone and function of both large and 

small arteries.29, 30 Superoxides interact highly with NO leading to reduction in NO 

bioavailability and, along with it, its vasoprotective functions.30 Furthermore, ROS 

can directly impact on endothelial function, reducing NO production.31 Along with its 

effect on MMP activation, there are consequential alterations in vascular structure 

and extracellular matrix which form the foundation for atherosclerosis.32 

Interaction between ROS and LDL results in oxidative modification and generation of 

oxidised LDL (OxLDL)33 which then triggers a cascade of pathological processes 

including enhanced expression of cell adhesion molecules and recruitment of 

leucocytes on endothelial cells, leading to immune activation and inflammation. 

OxLDL in turn promotes further ROS generation within endothelial cells, completing 

the vicious circle.23 
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Figure 1.1. Generation of reactive oxygen species in oxidative stress. 

The imbalance in anti-oxidant and oxidant systems leading to generation of ROS and cascade of 

pathophysiological processes underlying atherosclerosis. 

Abbreviations: NADPH, nicotinamide adenine dinucleotide phosphate; ROS, reactive oxygen species.  

Data derived from review of information in different articles.22, 23, 32, 34  

 

1.2.3 LIPOPROTEIN MODIFICATION 

Oxidative modification of lipoproteins, particularly LDL, is crucial in atherogenesis.35 

Early in the atherogenic process, there is accumulation of lipoproteins within the 

arterial intima which are retained through the interaction between extracellular 

proteoglycans and apoB-containing lipoproteins.36 Within the intima, these 

lipoproteins are exposed to ROS generated from oxidative stress. The LDL particle 

consists of free cholesterol, cholesteryl esters, phospholipids and triglycerides; of 

which the acyl chains and sterol of cholesteryl esters and free cholesterol, and 
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triglycerides are prone to oxidative modification, as are the amino acid residues of 

the apolipoprotein B-100 (apoB) component.35 Its molecular composition is therefore 

one which makes it vulnerable to oxidative modification to form oxidised LDL 

(OxLDL). 

In addition to being internalised at higher rate by macrophages,37 OxLDL also exerts 

a wide range of pro-atherogenic effects, which include enhancing expression of 

adhesion molecule38 and growth factors,39 promoting recruitment and proliferation of 

monocytes and macrophages,40 increasing secretion of MMP,41 and promoting 

vascular cell apoptosis through its cytotoxic properties.42 Oxidation of LDL leads to 

generation of a variety of oxidation-specific epitopes (OSE) which are pro-

inflammatory and pro-atherogenic such as oxidised phospholipids (OxPL).43 OxPL is 

a key contributor to the atherosclerotic process, having major roles in inflammatory 

cascade activation,44 plaque destabilisation,45 and regulation of endothelial cells, 

smooth muscle cells, macrophages, and platelets within the vascular wall.46  

Beyond oxidative modification, LDL particles can undergo glycation which can result 

in enhanced atherogenicity.47 As glycation of LDL involves epitopes in close 

proximity to its receptor-binding site,48 its recognition by the LDL receptor can be 

altered resulting in reduced clearance from the circulation.49 Glycated LDL are 

therefore more likely to be taken up by macrophages and endothelial cells.50 

Furthermore, susceptibility of LDL to oxidative modification may be increased 

following glycation.51     

 

1.2.4 HIGH-DENSITY LIPOPROTEIN 

The inverse relationship between high-density lipoprotein cholesterol (HDL-C) and 

incidence of CVD was established in the Framingham study and subsequent 

prospective epidemiological studies.52, 53 Despite this, randomised trials of 

pharmacological therapies such as niacin54, 55 and CETP inhibitors56, 57 have failed to 

demonstrate CVD outcome benefits with elevation of HDL-C levels. Furthermore, 

genetic variants associated with low HDL-C levels have not been reliably linked with 

CVD.58-60 Likewise, genetic tendencies for higher HDL-C levels did not translate into 
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lowered CVD risk,61 suggesting a greater importance of HDL functionality rather than 

its cholesterol content in influencing CVD risk.  

HDL is a lipoprotein particle of complex heterogenous size and structure formed 

through lipidation of its main protein component apolipoprotein A-I (apoA-I).62 HDL 

has a multitude of atheroprotective functions including facilitating reverse cholesterol 

transport, and exerting anti-inflammatory, anti-oxidation, anti-thrombotic, anti-

glycation, and anti-apoptotic effects (Figure 1.2). Reverse cholesterol transport is 

one aspect of HDL function which has generated great interest and it relates to the 

removal of cholesterol from peripheral cells which is then transported to the liver for 

excretion, a process involving passive diffusion and active transport via ATP-binding 

cassette transporter A1 (ABCA1) and G1 (ABCG1), scavenger receptor class B type 

1 (SR-B1), and cholesteryl ester transfer protein (CETP).63  

Beyond the capacity for transporting cholesterol, HDL also has anti-inflammatory and 

anti-oxidant properties. The apoA-I component on HDL is capable for removing lipid 

hydroperoxides from LDL, preventing it from undergoing oxidative modification.64, 65 

This protective mechanism is also aided by enzymes such as paraoxonase-1 

(PON1) on HDL.66 In addition to protecting against oxidation of LDL, HDL also 

inhibits activation of the inflammatory pathways triggers by OxLDL through 

suppression of adhesion molecule expression on endothelial cells and production of 

monocyte chemotactic protein-1 (MCP-1) thereby reducing migration and infiltration 

of monocytes and macrophages.67 However, within a setting of chronic inflammation 

or during an acute phase response, HDL can become dysfunctional and even exhibit 

pro-inflammatory properties.68 This has been demonstrated in patients with type 2 

diabetes and metabolic syndrome.69, 70 
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Figure 1.2. Atheroprotective functions of HDL. 

Atheroprotective functions of HDL include 1) facilitating reverse cholesterol transport in which transfer 

of cholesterol from peripheral cells to HDL (cholesterol efflux) is the first step, 2) inhibiting oxidative 

modification of LDL by ROS, 3) suppression of immune and inflammatory activation by OxLDL, and 4) 

suppression of adhesion molecule expression on endothelial cells. 

Abbreviations: ApoA-I, apolipoprotein A-I; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 

OxLDL, oxidised LDL; PON1, paraoxonase-1; ROS, reactive oxygen species.    

Data derived from review of information in different articles.63-67 

 

1.3 ATHEROSCLEROTIC CARDIOVASCULAR DISEASE: RISK MARKERS 

The use of cardiovascular risk markers forms a key aspect of cardiovascular 

medicine, which allows for risk stratification of patients with increasing accuracy to 

guide treatment strategies. Studies into risk markers also serve to provide further 

insights into the disease process that form the platform for identifying therapeutic 

targets. Beyond the classical risk factors of hypertension, dyslipidaemia, diabetes, 

and smoking, there is great interest in identification of novel biomarkers that could 
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aid CVD risk prediction and improve understanding of the complex underlying 

pathophysiology with the aim of developing novel risk modification therapies.  

 

1.3.1 MARKERS OF LDL MODIFICATION 

1.3.1.1 OXIDISED LDL 

OxLDL has been linked with a wide spectrum of CVD. Multiple studies have 

demonstrated higher levels of OxLDL among patients with CHD.71-76 Importantly, 

significant elevations in OxLDL were observed in the acute phase following acute 

myocardial infarction,77-79 supporting its role in plaque progression and rupture. 

Indeed, in support of this, acute elevations of OxLDL were also seen following 

percutaneous intervention for coronary occlusion.80, 81 In a number of studies, OxLDL 

levels was also able to differentiate between severity of CHD, with markedly higher 

levels being demonstrated in unstable compared to stable angina which was also 

found in association with presence of complex plaques on angiography.82-84 

Somewhat conflictingly, similar predictive value of OxLDL levels were not 

consistently demonstrated in a number of observational studies.85, 86  

Significant associations have also been demonstrated between elevated OxLDL and 

carotid artery intima thickness, and likewise, higher levels were also found in patients 

with carotid atherosclerosis. Similar to CHD, OxLDL levels were found to be 

significantly higher both in circulation and within plaques of unstable compared to 

stable lesions.45, 87 Comparable observations were also made in patients with PVD 

where strong associations between OxLDL levels and the presence and severity of 

femoral atherosclerosis.88 OxLDL was also found to be associated with systolic and 

diastolic blood pressure in hypertension even in the absence of CHD.89, 90 
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1.3.1.1.1 MEASUREMENT OF OXIDISED LDL 

OxLDL can generally be measured using direct and indirect methods. The direct 

method utilises monoclonal antibodies directed at epitopes on OxLDL while the 

indirect method detects antibodies generated against OxLDL. 

The murine monoclonal antibody 4E6 was the most commonly used and is directed 

against an epitope which is generated from substitution of lysine residues with 

aldehydes.91 Despite being widely used in clinical studies, this assay has its 

limitations, and most importantly, has been shown that its binding to OxLDL can be 

competed for by unoxidised LDL at higher concentrations, suggesting that it detects 

both OxLDL and unoxidised LDL.92  This is further proven by the increase in OxLDL 

measured following addition of unoxidised LDL to samples.93 An alternative method 

using monoclonal antibody DLH3 which binds to oxidised phosphatidylcholine was 

also introduced.94 This assay generates a ratio of oxidised particles on the LDL 

fraction, and therefore requires isolation of LDL, limiting its wider application. 

Indirect measures of OxLDL involves measurement of antibodies and immune 

complexes (IC) against malondialdehyde-modified LDL (MDA-LDL).95, 96 IgG 

antibodies against OSE tend to reflect exposure to antigens generated from 

oxidation whereas IgM antibodies are natural antibodies that offer protection against 

activation of inflammatory and immune responses.97 Associations between IgG 

MDA-LDL and IgG apoB-IC and cardiovascular events are inconsistent,98, 99 and 

importantly, titres of autoantibodies against oxidation-specific epitopes are greatly 

influenced by age, sex, ethnicity, and hereditary factors.100  

 

1.3.1.2 OXIDISED PHOSPHOLIPIDS ON APOB-CONTAINING LIPOPROTEINS 

AND LIPOPROTEIN(A) 

OxPL are generated during the process of LDL oxidation and are key components of 

OxLDL , apoptotic cells and atherosclerotic lesions.46 OxPL circulate and bind 

preferentially to lipoprotein(a) [Lp(a)] as its main lipoprotein carrier.101, 102 Lp(a) is a 

complex lipoprotein composed of apolipoprotein(a) [apo(a)] covalently linked with a 
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single molecule of apoB via a disulphide bond (Figure 1.3).103 Lp(a) levels are 

inversely related to the isoform size of its apo(a) component which is highly variable 

depending on the genetically determined number of kringle IV (KIV) type 2 (KIV-2) 

repeats.104 OxPL-apoB are bound to Lp(a) on both the lipid phase of apoB, as well 

as the apo(a) component.105 OxPL can be measured on apoB-containing lipoproteins 

(OxPL-apoB) and given that majority of OxPL on lipoproteins exists on Lp(a), an 

apoB-containing lipoprotein, OxPL-apoB and Lp(a) are usually closely correlated.101  

Lp(a) is an independent and causal risk factor for CVD.106-108 The link between 

genetic variants associated with high Lp(a) levels and CVD is unequivocal.109, 110 

Specifically, elevated Lp(a) levels are associated with calcific aortic stenosis and its 

progression, with substantial risk above the levels of approximately 60 mg/dl.111-114 

With the emergence of antisense oligonucleotides, there is increasing focus on Lp(a) 

as potentially a modifiable CVD risk factor,115 and the challenges relating to its 

measurement discussed below.116   

  



 

 40 

 

Figure 1.3. Structure of lipoprotein(a) and binding sites for oxidised phospholipids.  

The Lp(a) particle consists of an LDL-like particle covalently bound to a single molecule of apo(a) via 

a disulphide bridge. Lp(a) levels are inversely related to the size of the apo(a) isoform which is 

dependent on the genetically predetermined number of KIV-2 repeats. Lp(a) is the major lipoprotein 

carrier of OxPL which are bound to both its lipid phase and the apo(a) component. 

Abbreviations: Apo(a), apolipoprotein(a); apoB, apolipoprotein B-100; KIV, kringle IV; kringle V; OxPL, 

oxidised phospholipids. 

 

The correlation between OxPL-apoB levels and Lp(a) shows a “reverse L” shaped 

curve following log-transformation, indicating a strong correlation above the Lp(a) 

threshold of 10 mg/dl but this correlation is lost below this level.101 Inverse 

correlations between OxPL-apoB and apo(a) isoform size were also observed which 
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is independent of ethnicity, and this goes from strongest where the apo(a) isoform 

size is smallest to progressively weaker in larger isoform sizes.117 It is therefore 

postulated that OxPL-apoB levels provide a reflection of the most atherogenic Lp(a) 

particles. OxPL-apoB is an independent predictor of CVD, and given that it remains 

an independent predictor when after adjustment for Lp(a) levels in multivariate 

models particularly in the younger population, is likely a broader reflection of CVD 

risk beyond merely an indication of Lp(a) levels.102, 118 High levels of OxPL-apoB 

have been associated with CHD,77, 119 cerebrovascular disease,120, 121 and PVD120, 

122, progression of calcific aortic stenosis,112, 114, 123 and cardiac-related mortality.99, 

124 OxPL-apoB levels are independently associated with the extent of obstructive 

coronary artery determined on coronary angiography.102 Likewise, OxPL-apoB levels 

predicted progression of both carotid and femoral atherosclerosis in symptomatic 

patients.120 Its utility as a predictor of CVD outcomes was assessed in the 10-year 

prospective epidemiological Bruneck study of 765 patients, and found that OxPL-

apoB levels are predictive for CVD events with a hazard ratio of 2.4 (95% CI: 1.3–

4.3) in highest compared to lowest tertile of OxPL-apoB levels adjusted for traditional 

CVD risk factors.119    

 

1.3.1.2.1 MEASUREMENT OF LIPOPROTEIN(A) 

Measurements of Lp(a) are generally reported in mass as mg/dl or apo(a) particle 

concentration in nmol/L and standardisation of different methods remain an issue.125 

There are huge variations in the molecular weight and carbohydrate content of the 

apo(a) component, and similarly the cholesterol and phospholipid content of the 

apoB component.116 

The mass assays detect the apo(a) content and reports the total mass of the entire 

Lp(a) particle by assuming that the apo(a) and lipid components constitute a fixed 

proportion each, and its accuracy can therefore be greatly affected by variations in 

contents of each component. Contrastingly, the molar assays measure and report 

the concentration of apo(a) and therefore Lp(a) particles, overcoming the issue 

surrounding variations in component mass. Nevertheless, the issue remains that 

antibodies used to apo(a) in most commercially available assays are polyclonal, and 



 

 42 

may detect multiple different sites on a single apo(a) molecule and therefore more 

likely to overestimate when Lp(a) levels are low with large apo(a) isoform size, and 

conversely underestimate when Lp(a) levels are high.116 

These issues have led to the development of an isoform-independent antibody molar 

method. This assay is currently performed at the Northwest Lipid Metabolism and 

Diabetes Research Laboratories of the University of Washington and uses a murine 

monoclonal antibody a-40 which is directed at a single epitope on KIV type 9 (KIV-

9).126 This is the current gold standard for measurement of Lp(a) with values 

generated being traceable to the WHO/International Federation of Clinical Chemistry 

and Laboratory Medicine (IFCC) reference material for Lp(a) and are used to 

validate commercial assays.126 This method, however, is not commercially available 

for widespread utility.  

 

1.3.1.3 GLYCATED LDL 

In contrast to OxLDL, the use of glycated LDL in clinical studies assessing 

cardiovascular risk is limited. Glycation has been proposed as a potentially 

atherogenic form of modification that can occur in conjunction with oxidation.47 While 

there is a lack of evidence for its association with cardiovascular events, higher 

levels of glycated apoB have been observed in type 2 diabetes and metabolic 

syndrome.127  

 

1.3.2 MARKERS OF HDL FUNCTIONALITY 

1.3.2.1 CHOLESTEROL EFFLUX 

Cholesterol efflux is the first step in reverse cholesterol transport and refers to the 

transfer of cholesterol from peripheral cells to HDL.128 Cholesterol efflux assays 

measure the capacity of HDL to remove cholesterol from cells, usually cultured from 

mouse macrophage cell lines.129 Cholesterol efflux capacity is often used in clinical 

studies as a measure of HDL function. 
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Several studies have demonstrated inverse associations between cholesterol efflux 

capacity and CVD incidence and prevalence independent of traditional CVD risk 

factors.130-132 Specifically, it has been negatively associated with both subclinical 

disease assessed by carotid intima thickness as well as prevalence of clinically 

significant CHD defined as coronary artery stenosis of over 50% on coronary 

angiography.130 In the Dallas Heart Study of 2924 patients with a median follow-up 

period of 9.4 years, cholesterol efflux capacity was inversely correlated with major 

cardiovascular events defined as non-fatal myocardial infarction, non-fatal stroke, 

coronary revascularisation, or CVD death; giving a 67% CVD risk reduction in the 

highest compared to lowest quartile of cholesterol efflux capacity adjusted for 

traditional risk factors.131 More recently, these findings were again corroborated in 

the EPIC-Norfolk study where comparison was made between 1745 patients and 

1749 control participants, with a 20% reduction in risk of incident CVD shown for 

every standard deviation change in cholesterol efflux capacity, again independent of 

traditional risk factors and HDL-C levels.132   

 

1.3.2.2 PARAOXONASE-1 ACTIVITY 

PON1 is synthesised in the liver and is exclusively located on HDL, contributing to 

the anti-oxidant and anti-inflammatory effects of HDL.133, 134 PON1 activity is 

measured most commonly using paraoxon as a substrate.135 Lower PON1 activity 

has been observed in patients with CHD,136 and was inversely correlated with 

angiographically determined severity and atheroma burden independent of traditional 

CVD risk factors.137 More recently, PON1 activity was studied in the PREVEND 

prospective study of 6902 participants with a mean follow-up of 9.3 years and 730 

recorded CVD events.138 PON1 activity had a log-linear inverse relationship with 

CVD risk although this was attenuated after adjusting for HDL-C levels.  
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1.3.2.3 HDL MIRNA 

Micro-ribonucleic acids (miRNA) are small non-coding RNAs that negatively regulate 

messenger RNAs (mRNA) through target transcript degradation or translational 

inhibition, and are proven to be important regulators of various physiological and 

metabolic processes.139 Alterations in miRNA signature have been described in 

CVD, inflammation, obesity, and related metabolic conditions.140, 141 More recently, 

the role of micro-ribonucleic acids (miRNA) as regulators of gene expression 

influencing HDL function and metabolism has emerged, and HDL have been shown 

to transport specific miRNAs.142 HDL-associated miR-233, one of the most abundant 

miRNA on HDL, in particular has been shown to confer some of the anti-

inflammatory effects of HDL where its transfer to endothelial cells led to suppression 

of adhesion molecule expression.143 

 

1.3.3 ANTI-APOA-I AUTOANTIBODY 

The presence of autoantibodies against apoA-I (anti-apoA-I IgG) has emerged as an 

independent predictor of cardiovascular outcome144, 145 Anti-apoA-I IgG 

autoantibodies have pro-inflammatory effects through their interaction with immune 

receptors,146 and actively contribute to atherothrombosis and plaque vulnerability.147, 

148 Anti-apoA-I IgG levels also have an inverse relationship with PON1 activity in 

inflammatory disorders,149 suggesting a potential negative effect on HDL function.  

Higher levels of anti-apoA-I IgG autoantibodies have been observed in patients with 

acute coronary syndrome. It is also associated with higher incidence of recurrent 

cardiovascular event within the first 12 months. Anti-apoA-I IgG is independently 

associated with CVD and all-cause mortality in population studies.145, 150 

 

1.4 OBESITY  

Obesity, defined as a body mass index (BMI) of 30 kg/m2 or above, is a worldwide 

public health challenge with a growing prevalence of epidemic proportions, estimated 
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to affect over 650 million within the adult population in 2016 according to WHO.151 

Excess body fat and weight is closely linked to cardiovascular disease (CVD) and 

various metabolic conditions of increased CVD risk such as type 2 diabetes, 

dyslipidaemia, non-alcoholic fatty liver disease (NAFLD), and obstructive sleep 

apnoea.152-154 It is also thought that starting from a BMI of around 20 kg/m2, the 

increase in cardiovascular co-morbidities and diabetes parallels the increase in 

BMI.155 In addition to its negative impact on traditional CVD risk factors such as 

hypertension, dyslipidaemia, metabolic syndrome, and type 2 diabetes; obesity also 

has more direct effects on cardiac structure and function.156    

In a recent large-scale population-based study in the United States, obesity was 

associated with hazard ratios for lifetime incident CVD of 1.67 (95% CI: 1.55–1.79) 

and 1.85 (95% CI: 1.72–1.99) for men and women with BMI between 30.0 to 39.9 

kg/m2 respectively, rising to 3.14 (95% CI: 2.48–3.97) and 2.53 (95% CI: 2.20–2.91) 

for BMI of 40 kg/m2 and above respectively.157 Increasing BMI also has a strong 

association with incident heart failure in the same population. Another population-

based study in the Europe, which included patients with no pre-existing CVD, further 

demonstrated that increasing central adiposity estimated using waist circumference 

measurements was associated with increasing CVD, with hazard ratios of 1.10 and 

1.16 for men and women respectively for every 1 standard deviation increase in 

waist circumference.158 Meta-analyses into obesity and mortality have been 

consistent in demonstrating increase in CVD mortality in patients with BMI of 35 

kg/m2 and above.159, 160 Although patients in the overweight and mild obesity (BMI 

30.0 to 34.9 kg/m2) categories were associated with lower CVD mortality, this benefit 

was attenuated after approximately 5 years of follow-up.160   

Importantly, however, reversible CVD risk factors of hypertension, 

hypercholesterolaemia, and hyperglycaemia was found to only account for 46% and 

76% of the excess risk of raised BMI for CHD and stroke respectively,161 highlighting 

the importance of identifying novel CVD risk markers in obesity. 
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1.4.1 INFLAMMATION AND OXIDATIVE STRESS 

The association between inflammation and obesity is well established.162-164 

Inflammation in obesity was first described through the finding of increased adipose 

tissue pro-inflammatory tumour necrosis factor alpha (TNFα) expression in obese 

mouse models165 and subsequently in human obesity166. Similar to atherosclerosis 

but at a systemic level, chronic low-grade inflammation is the hallmark of obesity.167 

Inflammation is the key component in the development of metabolic and 

cardiovascular complications.167 

Obesity is driven by a mismatch in energy intake and expenditure, and in order to In 

order to accommodate the excess energy storage in obesity, adipocytes accumulate 

triacylglycerols leading to hypertrophy and consequent pathological expansion of 

white adipose tissue.168 Adipocyte hypertrophy and consequential remodelling mark 

the beginning of a cascade of pathophysiological changes including recruitment of 

macrophages and lymphocytes, and activation of pro-inflammatory cytokines and 

signalling pathways.169 The inflammatory process is also driven by production of 

proinflammatory adipokine leptin from white adipocytes, which further drives cytokine 

production.170, 171 Furthermore, low levels of adiponectin, expressed mainly by 

adipocytes and has established anti-atherogenic properties;172 are a feature of 

obesity and are also observed in patients with CVD.173, 174 The immune system 

activation and alteration in adipokine expression in adipocytes also result in oxidative 

stress and generation of ROS.   

Closely linked with inflammation, oxidative stress is also driven by immune activation 

within the adipose tissue, as well as production of adipokines that enhances the 

oxidant system, leading to generation of reactive oxygen species.175 Moreover, the 

anti-oxidant system is also depleted in obesity, specifically superoxide dismutase is 

found to be lower in obesity compared to normal weight inidividuals.176 Additionally, 

ROS and cytokines such as TNFα and interleukin-6 (IL-6) can also suppress 

adiponectin production,177, 178 therefore negatively impacting its NO-increasing 

effects on endothelial cells.179  
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1.4.2 INSULIN RESISTANCE  

Insulin resistance is a key component of many of the adverse metabolic effects of 

obesity. Within the liver and similarly in adipose tissue, metabolic cells (hepatocytes 

and adipocytes) are closely linked with immune cells (Kupffer cells and 

macrophages) in an organised architecture allowing for dynamic interactions 

between both systems.167 Immune activation and chronic inflammation have a critical 

role in insulin resistance, and the role of cytokines such as TNFα, which is 

overexpressed in obesity,180 in regulating insulin action is well studied.166, 180, 181 The 

absence of TNFα  has led to improvement in insulin sensitivity in mouse models,182 

and further to this, administration of recombinant TNFα and interleukin-6 (IL-6) in 

humans has been shown to impair insulin action assessed by whole body glucose 

uptake.183 The impact of adipokines on insulin resistance via its effect on 

inflammation is also well described.184  

 

Figure 1.4. Adipocyte hypertrophy. 

Mismatch in energy intake and expenditure results in adipocyte hypertrophy, leading to recruitment of 

pro-inflammatory M1 macrophages, increase in production of cytokines TNFα and IL-6, decrease in 

adiponectin, and increase in leptin, culminating in insulin resistance. Tissue hypoxia and recruitment 

of M1 macrophages results in adipocyte necrosis which further drives the immune and inflammatory 

activation. 

Abbreviations: IL-6, interleukin-6; TNFα, tumour necrosis factor alpha    

Data derived from review of information in different articles.169-172 
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1.4.3 OBESITY AND ATHEROGENIC MODIFICATION OF LDL 

With oxidative stress and inflammation being hallmarks of obesity, the increased risk 

of atherogenic modification of LDL in obesity is to be expected. Indeed, increased 

levels of OxLDL are observed in obesity, metabolic syndrome, and diabetes, and are 

also closely related with fasting glucose, insulin, and insulin resistance across all age 

groups.185-187 In support of the role of adipokines in inflammation, oxidative stress, 

and insulin resistance, OxLDL levels were also negatively correlated with 

adiponectin.188 

Increased prevalence of small dense LDL (sdLDL) has also been observed in 

patients with obesity,189 metabolic syndrome,190 and type 2 diabetes.191 sdLDL 

circulates longer compared to the larger LDL particles and therefore has longer 

exposure to atherogenic modification.192 sdLDL has low antioxidant and lipid 

composition which is more susceptible to oxidative modification.193, 194 Moreover, 

sdLDL is also more susceptible to glycation of apoB, further increasing its 

atherogenicity.195  

 

1.4.4 OBESITY AND LIPOPROTEIN(A) 

Despite the association between obesity and CVD risk, of which Lp(a) is an 

independent causal risk factor for, there is no established associations between 

obesity and Lp(a) levels. However, Lp(a) levels have been inversely associated with 

insulin resistance and insulin levels,196-198 postulated to be a result of insulin-

mediated suppression of hepatic apo(a) synthesis.199 Elevations in Lp(a) have also 

been observed following dietary-induced weight loss.200 Similar to Lp(a), the impact 

of obesity on OxPL-apoB, a likely reflection of the CVD effects of Lp(a), is not 

established. Given the increase in oxidative stress and higher levels of OxLDL in 

obesity, one may expect higher levels of OxPL-apoB which require confirmation. The 

impact of therapies in obesity, especially where reduction in insulin resistance can be 
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expected, is therefore of great interest given the potential for raising Lp(a) and hence 

OxPL-apoB, both of which are independent CVD risk factors.    

 

1.4.5 OBESITY AND HDL 

Low HDL-C levels are often described in obesity, with an inverse relationship being 

observed between HDL-C levels and BMI.201-203 HDL-C levels are also inversely 

correlated with insulin levels and severity of insulin resistance.204, 205 Furthermore, 

levels of apoA-I, its principle protein component, are also frequently low.206, 207 High 

triglyceride levels in obesity is a possible mechanism, where CETP facilitates an 

increase transfer of cholesteryl esters from HDL in exchange for triglycerides, 

contributing to lower HDL levels.208 This process also leads to a larger proportion of 

large triglyceride-rich HDL particles which are more susceptible to hydrolysis by 

hepatic lipase and subsequent hepatic uptake.209 Moreover, ApoA-I can also 

dissociate from triglyceride-rich HDL leading to increased clearance from 

circulation.210 Both CETP and hepatic lipase activity are also enhanced in obesity, 

which would also explain the low HDL-C levels through enhanced clearance.  

Beyond HDL-C levels, impairment in HDL can be expected in obesity given the state 

of chronic inflammation that characterises obesity and the established association 

between inflammation and dysfunctional HDL impairment. Impairment in reverse 

cholesterol transport relating to impaired SR-B1 mediated cholesterol efflux and 

hepatic and adipose tissue cholesterol uptake have been noted in obese mouse 

models.211 Similarly, also in mouse models, high levels of TNFα have also been 

shown to suppress ABCA1 and SR-B1 expression, and also reduce adipocyte 

cholesterol efflux.212, 213 In observational human studies, however, there were some 

inconsistent observations on impaired HDL-mediated cholesterol efflux capacity in 

obesity, and some of the observed differences in cholesterol efflux may be related to 

HDL-C levels.214-216 Lower levels of PON1 activity were also observed in obesity and 

are independently associated with BMI.217, 218 Adipokines appear to have an 

important influence on PON1 activity, with leptin being negatively correlated with 

PON1 activity and the reverse with adiponectin.217, 219 PON1 activity is also 

negatively correlated with markers of metabolic syndrome.217, 219 In patients with type 
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2 diabetes, there is also a reduction in PON1 activity, with further reductions noted in 

the presence of peripheral neuropathy.135 

The emerging role of HDL-associated miRNA in HDL functionality is one of interest 

in obesity. Various alterations in miRNA signature in adipose tissues and circulation 

have been described in obesity and associated metabolic conditions.220 Among 

miRNA transported on HDL, increased levels of miR-222 and miR-223 in circulation 

have been described in obesity,221, 222 as well as decreased miR-126 in white 

adipose tissue and isolated fat cells.223 HDL-associated miR-223 have been shown 

to decrease following diet-induced weight loss in patients with obesity.224 The study 

of HDL-associated miRNA especially in the context of therapies in obesity would 

help provide newer insights into both the effect of therapy as well as the mechanisms 

underlying the various functions of HDL. 

 

1.4.6 BARIATRIC SURGERY 

Bariatric surgery is associated with favourable effects on CVD risk factors, with 

significant improvements in blood pressure,225, 226 dyslipidaemia,226, 227 type 2 

diabetes,227-229 and obstructive sleep apnoea;227 and weight reductions sustained in 

long term studies.228-230 These improvements in CVD risk factors were translated into 

CVD outcomes benefits In the Swedish Obese Subjects (SOS) study, where 

reductions in major adverse cardiovascular events and mortality were observed, with 

adjusted hazard ratios of 0.47 (95% CI: 0.29–0.76) and 0.67 (95% CI: 0.54–0.83) 

respectively.231 A recent nationwide cohort study in the UK using the Clinical Practice 

Research Datalink  database further confirmed improved CVD outcomes with hazard 

ratios of 0.41 (95% CI: 0.26–0.60) of myocardial infarction, 0.40 (95% CI: 0.18–0.90) 

for incident heart failure 0.41 (95% CI: 0.27–0.62) and 0.25 (95% CI: 0.18–0.35) for 

CVD mortality respectively.232   

Since the first weight reduction surgery performed in 1954,233 the understanding for 

its weight and metabolic effects has progressed significantly, and at the same time 

bariatric procedures have become safer and less-invasive,234 leading to the 

increasing preference for its use as the preferred treatment option for severe 
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obesity.235 Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy are the two 

major bariatric procedures described in this thesis (Figure1.5). 

 

 

Figure 1.5. Types of common bariatric procedures. 

Roux-en-Y gastric bypass (A) is a malabsorptive and restrictive procedure and sleeve gastrectomy 

(B) is a solely restrictive procedure.  

 

1.4.7 PROPOSED MECHANISMS FOR CARDIOMETABOLIC EFFECTS OF 

BARIATRIC SURGERY 

Reduction in insulin resistance after bariatric surgery was first described in a 

landmark publication in 1995.236 Since then multiple studies have unequivocally 

confirmed sustained glycaemic improvements and indeed remission of type 2 

diabetes after bariatric surgery.227-229 In addition to increased insulin sensitivity, 

marked improvements in markers of inflammation and oxidative stress have also 

been widely reported.237-239 A number of theories have been proposed to explain the 

metabolic effects of bariatric surgery such as the foregut exclusion hypothesis240 and 

hindgut theory.241  
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The foregut exclusion hypothesis proposes an unknown stimulus within the proximal 

small intestine which provides the trigger for insulin resistance and the bypassing of 

this segment leads to marked glycaemic improvement.240 This hypothesis arose from 

the observation of superior glycaemic effects with duodenojejunal bypass compared 

to gastrojejunostomy without duodenal bypass in rodents.240 Furthermore, switching 

of duodenojejunal bypass to gastrojejunostomy led to deterioration in glycaemic 

parameters.240  

The hindgut theory, on the other hand, follows the observation of superior glycaemic 

control with RYGB and pancreaticobiliary diversion, where there is accelerated 

delivery of nutrients to the distal ileum, compared to sleeve gastrectomy and other 

restrictive procedures, suggesting the importance of the distal ileum in regulating 

insulin sensitivity.241 The hindgut theory ties in with the role of enterohormones such 

as incretins. The incretins glucagon-like peptide 1 (GLP-1) and glucose-dependant 

insulinotropic peptide (GIP) are key contributors to glucose regulation.242 The incretin 

effect describes the increase in insulin with decrease in glucagon secretion in 

response to oral glucose load, and this effect is attenuated in type 2 diabetes, 

forming the basis for the development of GLP-1 analogues.242 Increased levels of 

GLP-1 and GIP are well described following RYGB, suggesting their roles in 

improving insulin sensitivity.243, 244 

Further to the foregut exclusion hypothesis and hindgut theory, numerous other 

mechanisms have been suggested to explain both the metabolic and cardiovascular 

effects of bariatric surgery. This thesis focuses on improvement in oxidative stress 

and hepatic steatosis, as well as alterations in miRNA signature after bariatric 

surgery. 

 

1.4.7.1 HEPATIC STEATOSIS 

Obesity is closely associated with the full disease spectrum of non-alcoholic fatty 

liver disease (NAFLD), often referred to as the hepatic manifestation of metabolic 

syndrome, ranging from fatty infiltration to steatohepatitis and cirrhosis.245 Insulin 

resistance is a key contributor to the progression of NAFLD, along with adipokines 
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and cytokines.246 At the same time, lipid accumulation in the liver results in activation 

of Kupffer cells and macrophages, which in turn further enhances insulin resistance 

through inflammatory activation and oxidative stress in a vicious circle.247 Bariatric 

surgery has been associated with marked reductions in hepatic steatosis, with 

complete resolution of NAFLD in 66% of patients reported in a meta-analysis of 32 

cohort studies including 3093 liver biopsy specimens.248 Resolution of hepatic 

steatosis is therefore a very likely mechanism underlying the significant metabolic 

improvements observe following bariatric surgery. Indeed, in support of this 

mechanism, resolution of type 2 diabetes and return of first-phase insulin response 

were observed following very low-calorie diet which resulted in normalisation of 

hepatic triglyceride content.249 

 

1.4.7.2 MIRNA 

With the emergence of miRNA as a regulators of physiological and metabolic 

processes,139 alterations in miRNA in obesity, related metabolic conditions, and 

CVD,140, 141 and the effect of bariatric surgery250 have garnered increasing interest. 

Time-dependant alterations in multiple miRNA expression both in circulation and 

adipose tissues following bariatric surgery have been described in longitudinal 

studies.251-253  

This thesis focuses on four miRNA which are associated with obesity, metabolic 

syndrome and inflammation, and are known to be transported on HDL – miR-24, 

miR-126, miR-222, and miR-223. Adipose tissue miR-24 level is well correlated with 

percentage body fat and its expression has been shown to alter in response to 

hyperglycaemia.254, 255 MiR-126 is expressed mainly in endothelial cells and is 

thought to modulate angiogenesis, endothelial cell repair and vascular integrity.256 

Decreased miR-126 expression in white adipose tissue and isolated fat cells has 

been described in obesity, providing a potential explanation for endothelial 

dysfunction.223 

MiR-222 has key involvement in glucose metabolism and is thought to negatively 

regulate adipose tissue insulin sensitivity.257 Increased expression of miR-222 in 
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circulation has been described in obesity,221, 258 and within the adipose tissue of 

patients with diabetes and insulin resistance.257 Its role in glucose regulation is 

further supported by a study demonstrating its hypoglycaemic effects through 

induction of pancreatic beta cell proliferation in murine models.259 Alterations in 

circulating plasma miR-222 have also been reported following RYGB,221 although no 

studies to date have assessed HDL-associated miR-222 following bariatric 

procedures.  

MiR-233 has established roles in immune regulation260 and increased expression 

has been described in visceral adipose tissue in obesity.261 Absence of miR-223 is 

associated with increased high fat diet induced adipose tissue inflammation and 

insulin resistance in mouse models.262 Specifically, transfer of miR-223 from HDL 

has been shown to directly suppress ICAM-1 expression in endothelial cells, 

indicating its role in conferring some of the anti-inflammatory effects of HDL. 

Significant alterations in HDL-associated miR-223 have previously been 

demonstrated following diet-induced weight loss,224 but whether similar effects are 

observed following bariatric surgery are yet to be established.  

 

1.5 POLYCYSTIC OVARIAN SYNDROME  

Polycystic ovarian syndrome (PCOS) is a common endocrine disorder characterised 

by menstrual dysfunction and hyperandrogenisim.263, 264 It affects approximately 6-

10% of women of reproductive age,265 rising to 20% depending on the diagnostic 

criteria used.266 The diagnosis of PCOS can be made based on one of the three sets 

of commonly used criteria – the National Institute of Health (NIH) criteria,263  the 

European Society of Human Reproduction and Embryology/American Society for 

Reproductive Medicine (ESHRE/ASRM) Rotterdam consensus,267 and the Androgen 

Excess Society (AES) criteria268 (Table 1.1).  
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Table 1.1. Diagnostic criteria for polycystic ovarian syndrome. 

NIH criteria* 

1990 

ESHE/ASRM 

Rotterdam Consensus** 

2004 

AES criteria** 

2009 

Oligomenorrhoea or 

amenorrhoea 

Oligomenorrhoea or 

anovulation 

Oligomenorrhoea or 

anovulation 

 

Clinical and/or biochemical 

hyperandrogenism 

Clinical and/or biochemical 

hyperandrogenism 

Clinical and/or biochemical 

hyperandrogenism 

 

 Polycystic ovaries on 

ultrasound 

Polycystic ovaries on 

ultrasound 

   

Exclusion of other disorders of androgen excess: non-classical congenital adrenal 

hyperplasia, Cushing’s syndrome, androgen-secreting tumours, hyperprolactinaemia, thyroid 

disorders, drug-induced hyperandrogenism. 

* Both criteria required  

* 2 out of 3 criteria required 

* Hyperandrogenism and one other criterion required 

Table collated using information from published diagnostic criteria.263, 267, 268  

 

PCOS is associated with increased CVD risk, owing in part to the increased 

prevalence of traditional risk factors such as obesity, impaired glucose tolerance, 

dyslipidaemia, and hypertension.269, 270 Insulin resistance is a key feature of PCOS 

despite not being part of any of the three diagnostic criteria, and is independent of 

obesity.271 The long-term incidence of metabolic syndrome and diabetes is therefore 

increased,272 and being a disease of reproductive age, the lifelong cumulative risk 

may be substantial. The high prevalence of traditional CVD risk factors, however, 

has not consistently translated into increased CVD events. A nationwide registry 

study of Danish women found increased risk of incident CVD in PCOS with a hazard 
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ratio of 1.6 (95% CI: 1.4–1.8),273 and likewise, another population-based study of in 

Australia found hazard ratios of 2.89 (95% CI: 1.68–4.97) for CHD and 2.58 (95% CI: 

1.43–4.67) for cerebrovascular disease respectively.274 Contrastingly, PCOS was not 

significantly associated with myocardial infarction in meta-analysis of five cohort 

studies and five case-control studies,275 and although a further meta-analysis of eight 

studies undertaken in 2017 (including 128 977 women) did find an increased risk of 

stroke but this was attenuated following adjustment for BMI.276 Differences in age 

and follow-up duration have been suggested as potential explanations for 

discrepancies in results between studies.277 Furthermore, PCOS consists of a wide 

phenotypic spectrum with significant variations in weight, adiposity, severity of insulin 

resistance and hyperandrogenism, all of which can contribute to CVD risk to differing 

extent which require further study. 

Overall, PCOS provides the opportunity for investigating the impact of factors such 

as weight and insulin resistance on novel CVD risk markers in the early phase of 

cardiometabolic disease in a young population.  

  

1.5.1 ALTERATIONS IN LIPID PROFILE 

Elevated triglyceride and very low-density lipoprotein cholesterol (VLDL-C), and low 

HDL-C and apoA-I, which are characteristics of insulin resistance, are often 

observed in PCOS.278 There is also a shift towards sdLDL which again is similar to 

that described in obesity and metabolic syndrome.279 Higher levels of OxLDL have 

also been reported,280 and in a recent study, this was found to be independent of 

BMI and accompanied by endothelial dysfunction.281 There are currently no studies 

into glycation of LDL in PCOS, although with the higher proportion of sdLDL and 

presence in dysglycaemia, an association with increased glycated LDL could be 

speculated. Similarly, given the inverse relationship between Lp(a) and insulin 

resistance, Lp(a) level and its relevance to CVD risk in PCOS is of interest. Overall, 

the lipoprotein profile in PCOS looks to resemble that of obesity and metabolic 

syndrome, with insulin resistance being the common feature. 
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1.5.2 PCOS AND HDL FUNCTIONALITY 

There is some evidence for impairment of HDL functionality in PCOS. Decreased 

cholesterol efflux capacity has been previously described in PCOS in addition to 

lower apoA-I levels although comparison was made with controls of significantly 

lower BMI.282 Another study found improvement in cholesterol efflux capacity 

following use of combined oral contraceptive pill but not weight loss through 

intensive lifestyle intervention and cholesterol efflux capacity was correlated 

inversely with total testosterone.283 Similarly, decreased PON1 activity has also been 

reported in PCOS,284 adding to the evidence of impaired HDL function in PCOS.  

 

1.6 NIACIN 

Niacin is also known as nicotinic acid or vitamin B3. Its utility was limited by the 

common adverse effect of flushing which was improved with the introduction of 

extended-release preparation (ERN) and also the addition of laropiprant (LRP).285 

Niacin has a broad range of lipid-modifying effects,286 of which its ability to raise 

HDL-C levels had triggered much excitement. However, despite its HDL-C raising 

effects, ERN has failed to demonstrate CVD outcome benefits in the AIM-HIGH and 

HPS2 THRIVE trials.54, 55 In a further meta-analysis of 17 clinical trials which 

included 35 760 patients, there was an association between niacin monotherapy and 

reduction of CVD events, with relative risks of 0.74 (95% CI: 0.58–0.96) for acute 

coronary syndrome, 0.74 (95% CI: 0.59–0.94) for stroke, and 0.51 (95% CI: 0.37–

0.72) for coronary revascularisation, suggesting that it retains some benefit in 

selected population such as those with significant statin intolerance.287     

In addition to decreases in LDL-C and VLDL-C, niacin had previously been 

associated with decreases in OxLDL and markers of vascular inflammation such as 

VCAM-1, MCP-1, and TNFα.288 ERN and LRP (ERN/LRP) in combination with statin 

therapy have also been shown to increase cholesterol efflux capacity in addition to 

HDL-C levels, along with decreases in OxLDL and LpPLA2,289 suggesting that the 

beneficial effects of niacin go beyond HDL-C and LDL-C levels.   
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The lipid-modifying effects of niacin also include an approximate 20% reduction in 

OxPL-apoB and Lp(a) when used as monotherapy.290 Although the reduction in 

OxPL-apoB would be in keeping with reductions in OxLDL and markers of 

inflammation and oxidative stress in other studies, what is also of interest is its 

impact when used in combination with other lipid-lowering therapies such as statin 

where intensity-dependant increases in OxPL-apoB along with Lp(a), but reductions 

in OxLDL are well-documented.291-293 Given that both OxPL-apoB and Lp(a) are 

independent predictors of cardiovascular risk, the impact of different lipid-modifying 

therapies individually and in combination, and the potential impact on CVD risk are of 

interest and importance.   
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CHAPTER 2: HYPOTHESES AND AIMS 
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Atherogenic modification of LDL and HDL dysfunction are key processes that 

contribute to the development of atherosclerosis and CVD. Biomarkers of LDL 

modification and HDL functionality are therefore potential risk markers of CVD that 

help provide insights into the underlying pathophysiology and the impact of risk 

modification therapies.  

OxPL-apoB and Lp(a) are both independent predictors of CVD and are closely 

associated with Lp(a) being the main lipoprotein carrier for OxPL. OxPL-apoB is 

thought to reflect the cardiovascular effects of Lp(a) and generation of OxPL is a 

direct result of oxidative modification of LDL. Meanwhile, inverse associations 

between Lp(a) and insulin resistance have been reported in the literature. Lipid-

lowering therapies have varying effects on levels of OxPL-apoB and Lp(a), and in 

addition to its HDL-C elevating effects, niacin have also been shown to reduce both 

OxPL-apoB and Lp(a) levels. 

Inflammation results in impairment of HDL function, with cholesterol efflux capacity 

being the most commonly studied. More recently, HDL have been shown to transport 

miRNA, suggesting its role in HDL functionality. Modification of HDL may lead to 

production of pro-atherogenic antibodies and anti-apoA-I IgG autoantibodies have 

emerged as a novel risk marker for CVD. 

Obesity and the metabolic syndrome are closely associated with CVD risk, with 

inflammation, oxidative stress and insulin resistance being the common 

denominator. Bariatric surgery results in improvements in CVD outcomes and 

marked reductions in markers of inflammation, oxidative stress and insulin 

resistance. Polycystic ovarian syndrome has many of the features of metabolic 

syndrome and is also characterised by increased insulin resistance. It is associated 

with various CVD risk factors, and represents a suitable population for assessing the 

effect of insulin resistance on CVD risk markers. 
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2.1 HYPOTHESES 

The following hypotheses are tested in this thesis: 

1. Bariatric surgery results in reduction in oxidative stress, and therefore 

reduction in OxPL-apoB and markers of OxLDL.  

2. Bariatric surgery leads to improvement in HDL functionality and this translates 

into changes in expression of HDL-associated miRNA. 

3. PCOS is associated with lipoprotein oxidation and glycation, and impaired 

HDL functionality, which are related to underlying insulin resistance. 

4. The effect of extended-released niacin on lowering of OxPL-apoB and Lp(a) is 

attenuated by the potential elevating effects of statin therapy. 

 

2.2 AIMS 

The hypotheses above are addressed through the following aims: 

1. To assess the effect of bariatric surgery on OxPL-apoB, markers of OxLDL, 

and Lp(a) 

2. To explore the effect of bariatric on the association between OxPL-apoB and 

Lp(a) and the relationship with underlying factors such as insulin resistance 

and hepatic steatosis 

3. To explore if the effects OxPL-apoB and Lp(a) differ between surgical 

procedures and presence or absence of type 2 diabetes  

4. To assess the difference in markers of LDL modification and HDL functionality 

between PCOS and controls and the impact of insulin resistance on these 

biomarkers 

5. To explore the effect of PCOS on anti-apoA-I IgG positivity and the 

relationship between anti-apoA-I IgG and HDL functionality 

6. To assess the effect of extended release niacin on OxPL-apoB and Lp(a) 

when added to statin therapy 

7. To compare Lp(a) measurements using different mass assays in a clinical trial  
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CHAPTER 3: METHODOLOGY 
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PREFACE 

This chapter provides in further detail the methodology used for results chapters four 

to seven. As this thesis is presented in journal format, there is overlap of content 

within this chapter and the methods section within each individual results chapter.  

 

3.1 STUDY DESIGN 

The results presented in this thesis are generated from three separate studies. The 

study design for each of the studies are described here.  

 

Bariatric surgery study 

This is a prospective observational study of patients with severe obesity. The results 

generated from this study are presented in chapters 4 and 5.  

Patients were recruited from the Salford Royal NHS Foundation Trust (Salford, UK) 

tier 4 weight management centre. Patient recruitment was undertaken in the pre-

operative clinic and the medical weight management clinic. Study visits were 

conducted at the NIHR/Wellcome Trust Clinical Research Facility and 

Cardiovascular Trials Unit at Manchester University NHS Foundation Trust 

(Manchester, UK). Study assessments were undertaken at baseline, 6 months, and 

12 months after bariatric surgery and at baseline and 12 months after medical weight 

management.  

The inclusion criteria covered all patients above the age of 18 years with severe 

obesity being offered bariatric surgery under the NHS. The BMI criteria is in 

accordance with the National Institute of Health and Care Excellence (NICE) 

guidance: BMI of 40 kg/m2 or more, or BMI between 35 kg/m2 and 40 kg/m2 in the 

presence of other significant weight-related disease.1 Patients attending the medical 

weight management clinic were recruited as a comparator group. 
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Patients with active infection, human immunodeficiency virus infection, recent acute 

coronary syndrome within 6 months, history of autoimmune disease, active or 

previous malignancy, haematological disorder, and current or previous 

immunotherapy were excluded. Patients participating in other interventional research 

trials were also excluded.  

 

Figure 3.1. Study design for the prospective observational study on patients with severe obesity 

undergoing bariatric surgery and medical weight management.  
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Extended-release niacin and laropiprant study 

This is a previously completed randomised, double-blind, placebo-controlled 

crossover trial with trial medication extended-release niacin and laropiprant 

(ERN/LRP) and image-matched placebo supplied by Merch, Sharp & Dohme Ltd. 

The primary endpoint of the trial was the increase in HDL-C in statin-treated 

dyslipidaemic patients following treatment with ERN/LRP compared with placebo. 

We undertook a post-hoc analysis on the effect of ERN/LRP on Lp(a), OxPL and IgG 

and IgM autoantibodies and immune complexes to OxLDL. The results generated in 

this study are presented in chapter 7. 

Participants between the age 20 to 75 years on maximal tolerated statin and/or 

ezetimibe but not achieving a target LDL-C of less than 1.8 mmol/L (70 mg/L) were 

recruited into the study.  

Patients who are pregnant, breast feeding, or with active peptic ulcer disease, renal 

impairment (defined as estimated glomerular filtration rate less than 60 

ml/min/1.73m2), alanine aminotransferase above 1.5 times upper limit of normal, 

current use of niacin, fibrates or Omacor, and established allergic reaction to niacin 

were excluded. 

All patients underwent a 4-week placebo run-in period, followed by a 12-week first 

treatment period where patients were randomised to either ERN/LRP (1g/20mg 

ERN/LRP for 4 weeks following by an increase to 2g/40mg ERN/LRP for 8 weeks) or 

placebo. This was then followed by a 4-week placebo washout period and a second 

treatment period where patients initially randomised to ERN/LRP now received 

placebo and vice versa. Ezetimibe was discontinued on the first visit while statin 

dose was unchanged through the study period. Twenty-seven out of the 36 recruited 

patients completed the study and the patients acted as their own controls. 
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Figure 3.2. Study design for the ERN/LRP randomised, double-blind, placebo-controlled crossover 

trial. 

 

Polycystic ovarian syndrome study 

This is a previously completed cross-sectional study on patients with PCOS and 

BMI-matched control participants. Consecutive women with PCOS were recruited 

from the Endocrinology outpatient clinics at Adelaide and Meath Hospital (Tallaght, 

Dublin, Ireland). The results generated in this study are presented in chapter 6. 
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The National Institute of Health (NIH) criteria was used to define PCOS which 

includes chronic oligomenorrhoea (less than nine menstrual cycles per year), and 

clinical and/or biochemical evidence of hyperandrogenism, following exclusion of 

other disorders causing the same phenotype.2 Clinical hyperandrogenism was 

defined as hirsutism with Ferriman-Gallway score of more than 9, acne, or male 

pattern alopaecia. Biochemical hyperandrogenism was defined as total testosterone, 

androstenedione, or dehydroepiandrosterone (DHEAS) above laboratory reference 

ranges. Thyroid-stimulating hormone, free thyroxine, prolactin, luteinising hormone, 

follicle-stimulating hormone, oestradiol, and 17-hydroxyprogesterone were measured 

in all patients to exclude other endocrine disorders. An overnight 1mg 

dexamethasone suppression test was undertaken for patients with clinical features of 

cortisol excess.  

Control participants were recruited form the general population through 

advertisements in the study hospital, local schools and community centres. 

Participants recruited comprises healthy volunteers with normal menstruation, 

normal testosterone levels, and on no regular medications. Study assessments were 

carried out in the follicular phase of menstrual cycle. 

Exclusion criteria included age less than 18 or more than 40 years, pregnancy, 

lactation, BMI less than 19 kg/m2 or more than 50 kg/m2, recent acute illness, 

chronic illnesses likely to influence results including diabetes mellitus, medications 

likely to influence results including hormonal contraception, antihypertensives, lipid-

lowering medications, metformin, antiplatelet agents, anti-inflammatory agents, or 

non-prescription medications. 

 

3.2 ETHICAL APPROVAL 

Bariatric surgery study 

This study was approved by the Greater Manchester East Research Ethics 

Committee (REC Reference: 11/NW/0357), the Scientific Advisory Board of the 
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NIHR/Wellcome Trust Clinical Research Facility, and the Research & Development 

office of Manchester University NHS Foundation Trust.  

Written informed consent was obtained from all study participants prior to entry into 

the study. Participant information sheets were provided at least 24 hours prior to 

consent. All aspects of the study were conducted in accordance with the principles of 

the 1964 Helsinki declaration. Participant information sheets and consent forms are 

attached in Appendix. 

 

Extended-release niacin and laropiprant study 

This study was approved by the Greater Manchester Central Research Ethics 

Committee and Research, the Scientific Advisory Board of the NIHR/Wellcome Trust 

Clinical Research Facility, and the Development office of Manchester University NHS 

Foundation Trust (formerly Central Manchester NHS Foundation Trust) (Study ID: 

TRED012010, ClinicalTrials.gov Identifier: NCT01054508). 

 

Polycystic ovarian syndrome study 

This study has approval from the Research Ethics Committee of the Adelaide and 

Meath Hospital and St James’ Hospital (Dublin, Ireland). Study assessments were 

undertaken in accordance with the 1964 Helsinki declaration. Written informed 

consent was obtained from all patients prior to participation in this study. This trial 

was registered retrospectively at ClinicalTrials.gov (Identifier: NCT001195168). 

 

3.3 CLINICAL ASSESSMENTS 

The following clinical assessments were undertaken before, and at 6 months and 12 

months after bariatric surgery, and before and at 12 months after medical weight 

management.  
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Medical history 

A study visit proforma was used to collect information on patient demographics, 

medical and drug history. In addition to the medical and drug history obtained, a 

glycosylated haemoglobin (HbA1c) measurement was also undertaken at baseline to 

identify patients with pre-existing undiagnosed type 2 diabetes (HbA1c  48 

mmol/mol) and impaired glucose tolerance (HbA1c 42 to 47 mmol/mol).  

 

Anthropometric measurements 

Body mass index was calculated from the height and weight measurements, using 

the standard equation of weight in kg / (height in m)2. Waist circumference 

measurements were taken using a non-distensible flexible tape. Automated blood 

pressure device was used for assessment of blood pressure, where three 

measurements were taken and the average of the last two readings calculated. 

 

3.4 BLOOD SAMPLING 

For the bariatric surgery and ERN/LRP studies, venous blood samples were 

obtained from patients between 0800 and 1100 following an overnight fast of at least 

12 hours. All laboratory measurements were performed at the lipid research 

laboratory of the University of Manchester, Core Technology Facility, apart from 

HbA1c which was measured in the Department of Biochemistry, Manchester 

University NHS Foundation Trust (Manchester, UK). Apart from HbA1c which was 

measured on the same of study visit, all laboratory measurements were undertaken 

at the end of the study. 

 

Separation of serum and plasma 

Serum and EDTA-plasma were isolated within 2 hours of collection, using 

centrifugation (3300 rpm at 4°C at 15 minutes). Aliquots of serum and plasma were 



 

 103 

stored at -20 °C or -80°C and each aliquot underwent one freeze-thaw cycle only 

prior to analysis.  

 

3.5 LIPID PROFILE 

Total cholesterol 

Measurement of total cholesterol was undertaken using the cholesterol oxidase 

phenol 4-aminoantipyrine peroxidase (CHOD-PAP) method. 3 l of sample was 

added to 20 l of H2O and 250 l of reagent. Hydrogen peroxide is released 

following enzymatic hydrolysis and oxidation by cholesterol esterase, and 

quinoneimine is generated from 4-aminoantipyrine and phenol in the presence of 

peroxidase. The cholesterol concentration correlates with the increase in absorbance 

at 500 nm, which is measured using a Randox daytona+ analyser (Randox 

Laboratories, Crumlin, UK). The intra- and inter-assay coefficients of variation (CV) 

were 2.7% and 3.4% respectively. 

 

Triglyceride 

Measurement of triglyceride was undertaken using the glycerol phosphate oxidase 

phenol 4-aminoantipyrine peroxidase (GPO-PAP) method. 3 μl of sample was added 

to 10 μl of H2O and 290 μl of reagent. Hydrogen peroxide is released following 

oxidation by glycerol-3-phospate oxidase and quinoeimine in generated from 4-

aminoantipyrine and phenol in the presence of peroxidase. The triglyceride 

concentration correlates with the increase in absorbance at 500 nm, which is 

measured using a Randox daytona+ analyser (Randox Laboratories, Crumlin, UK). 

The intra- and inter-assay CV were 3.3% and 3.5% respectively. 
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High-density lipoprotein cholesterol (HDL-C) 

Measurement of HDL-C was undertaken using a second-generation direct 

homogeneous method. 3 μl of sample was added to 50 μl of H2O, 250 μl of reagent 

1 (N,N-Bis(2-hydroxyethyl)-2- aminoethanesulfonphonic acid, N-(2-hydroxy-3-

Sulfopropyl)-3,5-dimethoxyaniline, sodium salt, cholesterol esterase, cholesterol 

oxidase, catalase and ascorbate oxidase), and 83 μl of reagent 2 (N,N-Bis(2-

hydroxyethyly)-2-aminoethanesulphonic acid, 4-aminoantipyrine, horse radish 

peroxidase, sodium azide and surfactants). HDL-cholesterol esters are broken down 

by polyethylene glycol (PEG)-modified cholesterol esterase into free cholesterol and 

fatty acids, and cholesterol oxidised by cholesterol oxidase. Hydrogen peroxide is 

released following oxidation by cholesterol oxidase and reacts with 4- 

aminoantipyrine and N-(2-hydroxy-3-sulphopropyl)-3,5-dimethoxyaniline. The 

concentration of HDL-cholesterol correlates with the increase in absorbance at 600 

nm, which is measured using a Randox daytona+ analyser (Randox Laboratories, 

Crumlin, UK). The intra- and inter-assay CV were 1.2% and 0.9% respectively. 

 

Low-density lipoprotein cholesterol (LDL-C) 

LDL-cholesterol was calculated using the Friedewald formula from measurements of 

total cholesterol, triglyceride, and HDL-cholesterol.3 This formula is used when 

serum triglyceride did not exceed 4.5 mmol/l. 

LDL-C (mmol/l) = total cholesterol (mmol/l) – HDL-C (mmol/l) – (triglyceride (mmol/l) / 2.19) 

 

Apolipoprotein B-100 (apoB) 

Measurement of apoB was undertaken using an immunoturbidimetric immunoassay. 

13 μl of sample was added to 30 μl of H2O, 200 μl of phosphate buffer solution 

(PBS) polymer solution, 16.7 μl of anti-human apoB antibody, and 53.3 μl of PBS. 

The concentration of apoB correlates with the increase in absorbance at 340nm, 
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which is measured using a Randox daytona+ analyser (Randox Laboratories, 

Crumlin, UK). The intra- and inter-assay CV were 2.2% and 2.6% respectively. 

 

Apolipoprotein A-I (apoA-I) 

Measurement of apoA-I was undertaken using an immunoturbidimetric assay. 7 μl of 

sample was added to 60 μl H2O, 200 μl of PBS polymer solution, 46.7 μl PBS, and 

23.3 μl of purified immunoglobulins from rabbit antiserum (apoA-I from human HDL 

immunogen). The concentration of apoA-I correlates with the increase in absorbance 

after at 340 nm, which is measured using a Randox daytona+ analyser (Randox 

Laboratories, Crumlin, UK). 

 

Proprotein convertase subtilisin/kexin type 9 (PCSK9) 

Measurement of PCSK9 was undertaken using a sandwich ELISA method (R&D 

Systems, Abingdon, UK). Micro-titre plates were pre-coated with capture antibody 

(lyophilized rat anti-human PCSK9) overnight and 300 μl of reagent diluent and 

incubated for 60 minutes. Samples and standards were then added and incubated 

for 2 hours at room temperature followed by 100 μl of detection antibody (lyophilized 

biotinylated goat anti-human PCSK9 with reagent diluent). After a further 30 minutes 

of incubation with 100 μl streptavidin-HRP, 100 μl of 3,3’,5,5’-tetramethylbenzidine 

(TMB) was added to each well at 20 second intervals and incubated for a further 15 

to 30 minutes. Stop solution (1 M sulphuric acid) was then added and the OD 

determined using a microplate reader at 450 nm and the concentration calculated 

from the standard curve.  
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Lipoprotein(a) [Lp(a)] 

Two different assays were used for the measurement of Lp(a). 

The first was a solid phase two-site sandwich ELISA method (Mercodia, Uppsala, 

Sweden) based on two monoclonal antibodies directed against separate antigenic 

determinants on the apo(a) molecule. 25 μl of samples and calibrators were added 

to micro-titre plates pre-coated with anti-apo(a), followed by 50 μl of enzyme 

conjugate solution. 200 μl of subtrate TMB was then added after 1 hour followed by 

50 μl of stop solution. The OD was determined using a microplate reader at 450 nm 

and the concentration calculated using the standard curve. The concentration of 

Lp(a) is measured in U/L and converted to mg/dl using a fixed conversion factor of 1 

U/L = 0.1254 mg/dl. The intra- and inter-assay CV were 3.3% and 4.0% respectively.  

The second was an in-house chemiluminescent ELISA method undertaken at the 

research laboratory of University of California San Diego.4, 5 Micro-titre plates were 

coated with 5 μg/ml of murine monoclonal antibody MB47 to captures all apoB-

containing lipoprotein particles. A plasma dilution of 1:400 was added to yield a non-

saturating amount of Lp(a). Apo(a) particles linked to apoB were the detected using 

biotinylated murine monoclonal antibody LPA4. Free apo(a) are not detected on this 

assay. This assay has a CV of 6.0% to 7.4%. 

 

3.6 MARKERS OF LIPOPROTEIN MODIFICATION 

Small dense LDL (sdLDL) 

Measurement of sdLDL was undertaken on a Randox daytona+ analyser (Randox 

Laboratories, Crumlin, UK) using the Randox sLDL-‘Ex-Seiken’ direct test kit. This 

assay has a CV of less than 3%. 
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Oxidised low-density lipoprotein (OxLDL)  

Measurement of OxLDL was undertaken using a solid phase two-site direct 

sandwich ELISA method (Mercodia, Uppsala, Sweden) based on two monoclonal 

antibodies directed against separate antigenic epitopes on oxidised apoB. 25 μl of 

samples, calibrators, and controls were added to pre-coated micro-titre plates and 

assay buffer added and incubated on plate shaker for 2 hours at room temperature. 

100 μl of enzyme conjugate solution was then added followed by 200 μl of TMB after 

a further 1 hour of incubation. 50 μl of stop solution was then added after 15 

minutes. The OD was determined using a microplate reader at 450 nm and the 

concentration calculated using the standard curve. The intra- and inter-assay CV 

were 5.5% and 6.2% respectively. 

 

Oxidised phopsholipids on apolipoprotein B-100 (OxPL-apoB) 

Measurement of OxPL-apoB was undertaken using a chemiluminescent 

immunoassay based on murine monoclonal antibody E06.6-9 E06 recognises the 

phosphocholine (PC) group on oxidised but not native phospholipids. A 1:50 dilution 

of plasma was added to micro-titre plates coated with apoB specific monoclonal 

antibody MB47. A saturating amount of apoB was added giving equal numbers of 

apoB particles captured in each well. Biotinylated E06 was then added to determine 

the content of OxPL-apoB, which reflects the absolute content of OxPL per constant 

amount of captured apoB, independent of plasma levels of apoB or LDL-C. This 

assay has a high intra-individual 5-year reproducibility of frozen samples (correlation 

coefficient 0.78)10 and pilot-tests showed stable OxPL-apoB levels over 24 hours on 

ice (intra-class correlation coefficient 0.96)11 and in frozen samples stored under 

long term conditions.12-14 

 

Oxidised phospholipids on apolipoprotein(a) [OxPL-apo(a)] 

OxPL-apo(a) levels were measured in a using a similar method to OxPL-apoB. 

Instead of monoclonal antibody MB47, LPA4 is used as capture antibody to detect 
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apo(a).8 The micro-titre plates were coated with LPA4 antibody, and 1:50 dilution of 

plasma is added to saturate the plate with apo(a). Biotinylated E06, which does not 

react with LPA4, is then added to detect the content of OxPL-apo(a), which reflects 

the absolute content of OxPL per constant amount of captured apo(a). 

 

IgG and IgM to malondialdehyde-modified low-density lipoprotein (MDA-LDL) 

A 1:200 dilution of plasma was added to micro-titre plates coated with 5μg/ml of 

MDA-LDL. Alkaline phosphatase-labeled goat anti-human IgG and IgM (Sigma-

Aldrich, St Louis, USA) was then added to detect beinding to MDA-LDL.15, 16  

 

IgG and IgM apolipoprotein B-100 immune complexes (apoB-IC) 

A 1:50 dilution of plasma was added to micro-titre plates coated with monoclonal 

antibody MB47, saturating the plate with apoB. Alkaline phosphatase-labeled goat 

anti-human IgG and IgM (Sigma-Aldrich, St Louis, USA) was then added to detect 

IgG or IgM autoantibodies bound to the captured apoB (apoB-IC).15, 16 

 

Lipoprotein-associated phospholipase A2 (LpPLA2) 

Measurement of LpPLA2 was undertaken using a sandwich ELISA method (USCN 

Lifescience, Buckingham, UK). 100 μl of samples and standards were added to 

micro-titre plates pre-coated with antibody specific to Lp-PLA2 and incubated for 2 

hours at 37°C. 100 μl of working solution containing biotin-conjugated antibody 

specific to Lp-PLA2 was then added followed by 100 μl working solution containing 

Avidin conjugated to horseradish peroxidase. 90 μl TMB substrate solution was then 

added followed by stop solution (1M sulphuric acid) after 15 to 25 minutes. The OD 

was determined using a microplate reader at 450 nm and the concentration 

calculated using the standard curve. The intra- and inter-assay CV were 9.5% and 

11.5% respectively. 
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Glycated apoB 

Measurement of glycated apoB was undertaken using the Glycacor indirect 

competitive ELISA (Exocell, Philadelphia, PA, USA) based on mouse monoclonal 

antibody ES12 which recognises a specific epitope on glycated apoB. Samples and 

standards were added to Glycacor assay plates pre-coated with standardised 

preparation of glycated apoB in blocking solution. 50 μl of ES12 anti-glycated apoB 

was then added and incubated for 1 hour at room temperature, followed by 100 μl of 

HRP-conjugate. 100 μl colour developer was then added following by 100 μl colour 

stopper after 10 minutes. The OD was determined using a microplate reader at 450 

nm and concentration calculated from the standard curve. The assay has intra- and 

inter-assay CV of 3.5% and 14.9% respectively. 

 

3.7 MARKERS OF INFLAMMATION 

High-sensitivity C-reactive protein (hsCRP) 

Measurement of CRP was undertaken using an immunoturbidimetric assay. Sample 

was added to assay buffer [glycine, sodium chloride, sodium EDTA disodium salt 

dihydrate and bovine serum albumin (BSA)] and antibody reagent (Latex particles 

coated with antibody to CRP). The signal generated on turbidimetry is measured at 

570 nm using a Randox daytona+ analyser (Randox Laboratories, Crumlin, UK).  

 

Intercellular adhesion molecule 1 (ICAM-1) 

Measurement of ICAM-1 was undertaken using a colorimetric sandwich ELISA 

method (R&D Systems, Abingdon, UK). 100 μl of samples and standards were 

added to microplate wells pre-coated with capture antibody overnight and incubated 

for 2 hours at room temperature. 100 μl of detection antibody was then added 

followed by 100 μl of streptavidin-HRP after a further 2 hours of incubation. 100 μl 

substrate solution was then added followed by 50 μl stop solution after 20 minutes. 
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The OD was determined using a microplate reader at 540 nm and the concentration 

calculated from the standard curve. 

 

3.8 MARKERS OF HDL FUNCTIONALITY 

Cholesterol efflux capacity 

Cholesterol efflux capacity was measured using a previously validated method.17 

Cell culture of J774A.1 macrophages were prepared in RPMI 1640 medium at 37ºC 

in a 5% carbon dioxide humidified environment for 3 days. The cells were then 

collected by centrifugation and suspended in new media (0.4% trypan blue solution) 

to check for cell count and viability. The cells were plated to a final concentration of 5 

x 105 cells per ml at 1ml per well. After 24 hours of incubation, the plated cells are 

then washed and incubated with 0.2 µCi of radiolabelled 3H-cholesterol in RPMI 

1640 medium with 0.2% BSA, 100 IU/ml penicillin and 100 g/ml streptomycin in a 

humidified incubator with 5% carbon dioxide for 24 hours. ABCA1 is upregulated 

using medium containing 0.3 mM C-AMP (8-(4-chlorophenylthio) adenosine 3’,5’-

cyclic monophosphate sodium salt) for 4 hours. 2.8% apoB-depleted serum was then 

added to cells and incubated for 4 hours. The cell media was then collected and 

dissolved in 0.5 ml of 0.2 NaOH and 2 ml of liquid scintillator added. Radioactivity 

was determined using liquid scintillation analyser Packard TRI-CARB 2100 TR 

(Perkin Elmer, Massachusetts, USA).   

Cholesterol efflux (%) = 

Radioactivity in medium 

x 100 Radioactivity in cell + radioactivity in 

medium 

 

Paraoxonase-1 (PON1) activity 

Measurement of PON1 activity was determined using a semi-automated micro-titre 

plate method on a Randox daytona+ analyser (Randox Laboratories, Crumlin, UK) 

using paraoxon (O,O-diethyl O-(4-nitrophenyl)phosphate) (Sigma Chemical, Poole, 
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UK) as a substrate. 30 μl of sample was added to cryogenic tubes and paraoxone 

stock solution (36.36 μl paraoxon and 40 ml assay buffer to give 5.5 mmol/l 

paraoxon) added to the substrate container. Using the PON1 activity measuring 

programme, a kinetic model is employed to calculate the change in OD at 405 nm 

per unit time. The intra- and inter-assay CV were 4.9 and 5.3% respectively.  

PON1 activity (nmol/ml/min) = OD / min x 2057 

 

Myeloperoxidase (MPO) 

Measurement of MPO was undertaken using an in-house antibody sandwich ELISA 

method based on capture antibody, detection antibody and MPO standards from 

R&D Systems (Abingdon, UK). 300 μl of reagent diluent (BSA in PBS and dd H20) 

was added to micro-titre plates pre-coated with capture antibody (lyophilized rat anti-

human MPO) overnight and washed with wash buffer (0.05% (v/v) tween-20 in PBS). 

Samples and MPO standards were then added and incubated for 2 hours at room 

temperature, followed by 100 μl of detection antibody (lyophilized biotinylated goat 

anti-human MPO) and incubated for a further 1 hour at room temperature. 

Streptavidin-HRP (R&D Systems, Abingdon, UK) was then added followed by 100 μl 

of TMB at 20 second intervals and then 50 μl of stop solution (1 M sulphuric acid). 

OD was determined using a microplate reader at 630 nm and the concentration 

calculated from the standard curve. 

 

HDL-associated miRNA 

HDL was first isolated from 600 μl of serum by immunoprecipitation using a column 

containing anti-human apoA-I antibody covalently coupled to cyanogen bromide-

activated Sepharose 4B (Amersham Pharmacia Biotech, Amersham, UK).18 The 

column was then washed with Tris-buffered saline (TBS) to remove proteins non-

specifically bound to the beads. HDL was then eluted using stripping buffer (0.1 M 

acetic acid) and then neutralised with 1 M Tris at pH 11 with a final concentration of 
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0.11 M. Amicon Ultra-15 centrifuge filter unit and Amicon Ultra-0.5, ultracel-10 

membrane were used for further concentration of the samples.   

HDL-associated miRNA levels were measured using real-time PCR TaqMan miRNA 

assays.18 Qiazol miRNAeasy kits (Qiagen, Hilden, Germany) were used to isolate 

total RNA from HDL and quantified using spectrophotometry. A TaqMan microRNA 

reverse transcription kit (Applied Biosystems, California, USA) was used to reverse 

transcribe purified total RNA. 7.5 μl of the reverse transcription product was used for 

detecting specific miRNAs using TaqMan miRNA assay kits (Applied Biosystems, 

California, USA). Values were normalised to both Caenorhabditis elegans (Cel) miR-

39 (which was spiked into the samples after the Qiazol step) and HDL total protein 

concentration determined by BCA protein assay kit (Thermo Fisher Scientific, 

Massachusetts, USA). Results were expressed as 2-(Ct(microRNA)-Ct(Cel-miR-39)). 

 

3.9 MARKERS OF GLYCAEMIA 

Glycosylated haemoglobin (HbA1c) 

Measurement of HbA1c was undertaken on the same day of study visit at the 

Department of Biochemistry, Manchester University NHS Foundation Trust 

(Manchester, UK), using HPLC on a VARIANT II Turbo Haemoglobin Testing 

System (Bio-Rad Laboratories, Hemel Hempstead, UK).  

 

Glucose 

Measurement of glucose was undertaken using the glucose oxidase and 4-

aminoantipyrine enzymatic colorimetric method. The increase in absorbance at 510 

nm was measured using a Randox daytona+ analyser (Randox Laboratories, 

Crumlin, UK). 
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Insulin 

Measurement of insulin was undertaken using a sandwich ELISA method (Abcam, 

Cambridge, UK). Samples and standards were added to pre-coated micro-titre plates 

and peroxidase-conjugated secondary antibody was added to create an antigen 

complex. Substrate solution tretramethylbenzidine was then added following 60 

minutes of incubation, followed by the stop solution. OD was determined at 450 nm 

using a microplate reader and the concentration calculated from the standard curve. 

 

Homeostatic model assessment of beta cell function (HOMA-B) 

The HOMA-B equation was used to estimate pancreatic beta cell function.19  

HOMA-B = 20 x 
Insulin (mU/l)  

– 3.5 
Glucose (mmol/l) 

 

Homeostatic model assessment of insulin resistance (HOMA-IR) 

The HOMA-IR equation was used to estimate insulin resistance.19 

HOMA-IR = 
Insulin (mU/l) x Glucose (mmol/l) 

22.5 

 

3.10 OTHER BIOMARKERS  

Liver function tests 

Measurements of alanine transaminase (ALT), aspartate transaminase (AST) and 

gamma-glutamyl transferase (GGT), were undertaken on a Randox daytona+ 

analyser using reagents from Randox Laboratories (Crumlin, UK). 
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Non-alcoholic fatty liver disease (NAFLD)-liver fat score 

The NAFLD-liver fat score was used as a non-invasive tool for estimation of hepatic 

fat content which utilises presence of metabolic syndrome, presence of type 2 

diabetes, fasting insulin, AST and ALT levels as predicting variables.20  

NAFLD-liver fat score = -2.89 + 1.18 x Metabolic Syndrome (Y:1, N:0) + 0.45 x Type 2 

Diabetes (Y:1, N:0) + 0.15 x Insulin (mU/L) + AST (U/L) – 0.94 x AST / ALT 

 

Adiponectin 

Measurement of adiponectin was undertaken using solid phase sandwich ELISA 

method (R&D Systems, Abingdon, UK). 50 μl of samples and standards were added 

to pre-coated microplate wells and incubated for 2 hours at room temperature. 200 μl 

of human adiponectin conjugate was then added followed by a further 2 hours of 

incubation. 200 μl of substrate solution was then added followed by 50 μl of stop 

solution after 30 minutes. The OD was determined using a microplate reader at 450 

nm and the concentration calculated from the standard curve. The intra- and inter-

assay CV were 3.5% and 6.5% respectively. 

 

Leptin 

Measurement of leptin was undertaken using solid phase sandwich ELISA method 

(R&D Systems, Abingdon, UK). 100 μl of samples and standards were added to pre-

coated microplate wells and incubated for 2 hours at room temperature. 200 μl of 

human leptin conjugate was then added followed by a further 1 hour of incubation. 

200 μl of substrate solution was then added followed by 50 μl of stop solution after 

30 minutes. The OD was determined using a microplate reader at 450 nm and the 

concentration calculated from the standard curve. The intra- and inter-assay CV 

were 3.2% and 4.4% respectively. 
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Resistin 

Measurement of resistin was undertaken using solid phase sandwich ELISA method 

(R&D Systems, Abingdon, UK). 100 μl of samples and standards were added to pre-

coated microplate wells and incubated for 2 hours at room temperature. 200 μl of 

human resistin conjugate was then added followed by a further 2 hours of incubation. 

200 μl of substrate solution was then added followed by 50 μl of stop solution after 

30 minutes. The OD was determined using a microplate reader at 450 nm and the 

concentration calculated from the standard curve. The intra- and inter-assay CV 

were 4.7% and 8.4% respectively. 

 

Anti-apolipoprotein A-I IgG  

Measurements of anti-apoA-I IgG levels and positivity were undertaken at and using 

methods establish at the Department of Genetics and Laboratory Medicine, Geneva 

University Hospital (Geneva, Switzerland).21-23 

Maxisorb plates (Nunc, Glostrup, Denmark) were coated with purified human-derived 

delipidated apoA-1 and then blocked with 2% BSA in PBS at 37C. Samples diluted 

to 1:50 were added to coated and un-coated wells to allow assessment of individual 

non-specific binding. Alkaline phosphatase-conjugated anti-human IgG signal 

antibody (Sigma-Aldrich, St. Louis, MO, USA) was then added to each well and 

incubated for 1 hour, followed by 50 μl of phosphatase substrate p-nitrophenyl 

phosphate disodium (Sigma-Aldrich, St Louis, MO, USA) dissolved in 

diethanolamine buffer (pH 9.8). Each sample was tested in duplicates and the OD 

was determined at 405nm (Molecular DevicesTM Versa Max, Sunny Vale, CA, USA), 

with the corresponding non-specific binding subtracted from mean absorbance.  

The upper reference range was derived from the 97.5th percentile of the reference 

population consisting 140 healthy blood donors which corresponded with an OD cut 

off of 0.64. An index consisting the ratio between sample OD and the positive control 

OD, expressed as a percentage, is further calculated to minimise the impact of inter-

assay variation. The index value of 37% corresponded with the 97.5th percentile of 
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the normal distribution. Results with an absorbance value greater than 0.64 OD and 

an index value 37% or greater were considered positive for elevated anti-apoA-I IgG.  

 

Androgen profile 

Measurement of androgen profile was undertaken at Tallaght Hospital (Dublin, 

Ireland). Sex hormone binding globulin (SHBG) and DHEAS were measured using 

standard chemiluminescence immunoassays with assay CV of less than 5%. 

Androstenedione was measured using radioimmunoassay with assay CV of less 

than 5%. 

 

3.11 STATISTICAL ANALYSES 

This section provides an overview on the statistical analyses undertaken in this 

study. Further detailed descriptions of statistical analyses performed are provided 

within individual results chapters. 

Statistical analyses were performed using SPSS for Mac (Version 23.0, IBM SPSS 

Statistics, Armonk, New York, USA) and figures produced using GraphPad Prism for 

Mac (Version 8.00, GraphPad Software, La Jolla California, USA). Continuous 

variables were assessed for normality using the Shapiro-Wilk test and visualisation 

of histograms. Results were generally presented as mean and standard deviation for 

parametric and mean and interquartile range for non-parametric variables.  

For chapter 4, comparison of variables between baseline and post-intervention was 

undertaken using the paired sample t-test for parametric and the Wilcoxon signed-

rank test for non-parametric variables. A P-value of less than 0.05 was considered to 

be statistically significant. Correlations between variables were assessed using 

Spearman’s analyses with P-values of less than 0.01 being consider to be 

statistically significant due to multiple comparisons.  
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For chapter 5, non-parametric variables were normalised prior to analysis using 

nature logarithmic transformation. One-way univariate repeated measures ANOVA 

was performed to evaluate the effect of time on clinical characteristics and HDL-

associated miRNA levels, with time as the within subject factor. Participants with 

missing miRNA data were excluded from the analysis. As there were a substantial 

number of participants with missing clinical characteristics at 6 months after surgery, 

clinical characteristics at baseline were compared to those at 6 and 12 months after 

surgery using individual paired samples t-test.  Multiple testing correction was 

performed by Bonferroni correction for the two time-points, in which the threshold of 

P-value for significance was less than 0.025. Correlations between different HDL-

associated miRNAs, as well as between changes in individual miRNAs and changes 

in other variables were performed using Spearman’s test.  

For chapter 6, comparison of variables between groups was undertaken using the 

independent samples t-test for parametric and the Mann-Whitney U test for non-

parametric variables. Patients with PCOS were sub-divided into three groups based 

on tertiles of insulin resistance estimated using the HOMA-IR equation. Correlations 

between variables were assessed using bivariate Spearman’s analyses. A P-value of 

less than 0.05 was considered to be statistically significant. 

For chapter 7, presence of significant carryover effects was determined prior to 

assessment of treatment effect. Comparison of variables and treatment effects 

between ERN/LRP and placebo were performed using independent samples t-test 

for parametric distribution and Mann-Whitney U test for non-parametric distribution. 

Correlations between variables were assessed using Spearman’s analyses. A P-

value of less than 0.05 was considered to be statistically significant. 
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4.1 ABSTRACT 

Background and aims: Obesity is associated with adverse cardiovascular 

outcomes and this is improved following bariatric surgery. Oxidised phospholipids 

(OxPL) are thought to reflect the pro-inflammatory effects of lipoprotein(a) [Lp(a)], 

and both are independent predictors of cardiovascular disease. Our study sought to 

determine the impact of bariatric surgery on OxPL, biomarkers of oxidised LDL 

(OxLDL) and Lp(a). 

Methods: This is a prospective, observational study of 59 patients with severe 

obesity undergoing bariatric surgery. Blood samples were obtained prior to surgery 

and at 6 and 12 months after. Sixteen patients attending the tertiary medical weight 

management clinic at the same centre were also recruited for comparison. Lipid and 

metabolic blood parameters, OxLDL, OxPL on apolipoprotein B-100 (OxPL-apoB), 

IgG and IgM autoantibodies to MDA-LDL, IgG and IgM apoB-immune complexes 

and Lp(a) were measured.  

Results: Reduction in body mass index (BMI) was significant following bariatric 

surgery, from median 48 kg/m2 at baseline to 37 kg/m2 at 6 months and 33 kg/m2 at 

12 months. OxPL-apoB levels decreased significantly at 12 months following surgery 

[5.0 (3.2–7.4) to 3.8 (3.0–5.5) nM, P=0.001], while contrastingly, Lp(a) increased 

significantly [10.2 (3.8–31.9) to 16.9 (4.9–38.6) mg/dl, P=0.002]. There were 

significant post-surgical decreases in IgG and IgM biomarkers, particularly at 12 

months, while OxLDL remained unchanged.  

Conclusions: Bariatric surgery results in a significant increase in Lp(a) but 

reductions in OxPL-apoB and other biomarkers of oxidised lipoproteins, suggesting 

increased synthetic capacity and reduced oxidative stress. These biomarkers might 

be clinically useful to monitor physiological effects of weight loss interventions.  

 

KEYWORDS 

Obesity, bariatric surgery, weight reduction, lipoprotein(a), oxidised phospholipids, 

autoantibodies to oxidised LDL, apoB immune complexes.  
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4.2 INTRODUCTION 

Obesity is an independent risk factor for cardiovascular disease (CVD). It is a 

continuum of metabolic syndrome and is associated with chronic low-grade 

inflammation and increased systemic oxidative stress.1, 2 Oxidative stress and 

inflammation are closely related and are central to the atherosclerotic process.3 

Increased oxidative stress results in oxidative modification of low-density lipoprotein 

(LDL) and other lipoproteins and subsequent generation of proinflammatory and 

proatherogenic oxidation-specific epitopes (OSE), such as oxidised phospholipids 

(OxPL) and malondialdehyde epitopes on LDL.4 Autoantibodies and immune 

complexes against oxidation-specific epitopes reflect the immune consequences of 

OSE acting as danger associated molecular patterns and provide an indirect 

measure of lipoprotein-associated oxidation.5 

OxPL are key contributors to the atherosclerotic process and are involved in 

inflammatory cascade activation and plaque destabilisation.6 Among lipoproteins 

lipoprotein(a) [Lp(a)] preferentially binds OxPL and is also the main lipoprotein 

carrier for OxPL.4, 7 OxPL can be measured on apolipoprotein B-100 (apoB) 

containing lipoproteins (OxPL-apoB). Since the majority of OxPL on lipoproteins are 

on Lp(a), which is an apoB-containing lipoprotein, OxPL-apoB and Lp(a) are usually 

correlated in plasma. OxPL present on Lp(a) are bound covalently to 

apolipoprotein(a) and also present in the lipid phase of apoB. Lp(a) and OxPL-apoB 

levels are correlated in cross-sectional studies8-10 with correlation coefficients 

ranging from r=0.14 to 0.83 depending on the populations studied.11 Both Lp(a) and 

OxPL-apoB are independent predictors of CVD,7, 12-17 however, OxPL-apoB often 

remains an independent predictor when evaluated with Lp(a) in multivariate 

adjustment models, suggesting a broader reflection of risk than simply measuring 

plasma levels of Lp(a).7, 18   

Although elevated Lp(a) levels are not a feature of obesity, studies have found Lp(a) 

levels to be inversely associated with insulin resistance and insulin levels.19-21 A rise 

in Lp(a) levels have also been demonstrated following dietary-induced weight loss,22 

particularly in response to low-fat diets.23, 24 Bariatric surgery produces a sustained 

improvement in conventional CVD risk factors25, 26 and a reduction in cardiovascular 

events and death.27-30 Its effect on Lp(a), OSE and other biomarkers of oxidised 
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lipoproteins, however, are yet to be established. In this study, we sought to evaluate 

the effect of bariatric surgery on Lp(a), OxPL-apoB, oxidised LDL (OxLDL), 

autoantibodies to malondialdehyde-modified LDL (MDA-LDL) and apoB immune 

complexes (apoB-IC). 

 

4.3 MATERIALS AND METHODS 

Study design and participants 

This is a prospective observational study of 59 patients with severe obesity 

undergoing metabolic surgery at the Salford Royal NHS Foundation Trust tertiary 

weight management centre (Salford, UK). Sixteen patients attending the tertiary 

medical weight management clinic at the same centre were recruited as control 

patients. Patients with anaemia, acute coronary syndrome within 6 months, history of 

malignancy and chemotherapy, active infections, immunological or haematological 

disorders, human immunodeficiency virus (HIV), chronic obstructive airway disease, 

current steroid therapy, receiving immunotherapy or monoclonal antibodies and 

autoimmune diseases were excluded. Study assessments were undertaken at the 

National Institute of Health Research/Wellcome Trust Clinical Research Facility 

(Manchester, UK) at baseline, 6 months, and 12 months after bariatric surgery. 

Control participants were assessed at baseline and 12 months. This study has 

approval from the Greater Manchester Central Research and Ethics Committee and 

study assessments were in accordance with the 1964 Helsinki declaration. Written 

informed consent was obtained from all patients prior to participation in this study.  

 

Serum and plasma samples 

Venous blood samples were obtained from patients between 0900 to 1100 after an 

overnight fast of at least 12 hours. Serum and EDTA-plasma were isolated by 

centrifugation at 2000 x g for 15 minutes at 4C within 2 hours of collection. Aliquots 

were stored frozen at -80C until biochemical analyses performed at the end of 

study. Prior studies have shown that oxidative biomarkers have acceptable within-
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person 5-year reproducibility of frozen samples (correlation coefficient 0.78) and are 

stable over 24 h on ice (intra-class correlation coefficient 0.96).31 

 

Laboratory analyses 

Total cholesterol was measured using the cholesterol oxidase phenol 4-

aminoantipyrine peroxidase method, triglycerides by the glycerol phosphate oxidase 

phenol 4-aminoantipyrine peroxidase method, and apoB was assayed using 

immunoturbidimetric assays (ABX Diagnostics, Shefford, UK). High-density 

lipoprotein cholesterol (HDL-C) was assayed using a second-generation 

homogenous direct method (Roche Diagnostics, Burgess Hill, UK). All these tests 

were performed on a Randox daytona+ analyser (Randox Laboratories, Crumlin, 

UK). The laboratory participated in the RIQAS (Randox International Quality 

Assessment Scheme; Randox Laboratories, Dublin, Ireland) scheme which is CRC 

calibrated. Low-density lipoprotein cholesterol (LDL-C) was estimated using the 

Friedewald formula. Proprotein convertase subtilisin/kexin 9 (PCSK9) levels were 

measured at the research laboratory of University of California San Diego using a 

validated in-house ELISA as previously described.32  

Alanine transaminase (ALT), aspartate transaminase (AST) and gamma-glutamyl 

transferase (GGT), were measured using assays from Randox (Randox 

Laboratories, Crumlin, UK), following standardised procedures in accordance with 

the International Federation of Clinical Chemistry (IFCC). Hepatic fat was estimated 

using the NAFLD-liver fat score.33  

Glycosylated haemoglobin (HbA1c) was measured using standard laboratory 

methods in the Department of Biochemistry, Manchester University NHS Foundation 

Trust (Manchester, UK). Glucose and insulin were measured using Abcam ELISA 

kits (Abcam, Cambridge, UK) and used to calculate homeostatic model assessment 

of insulin resistance (HOMA-IR) and beta cell function (HOMA-B).34 
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Lipoprotein(a), oxidised phospholipids, OxLDL, apolipoprotein B-100 immune 

complexes and MDA-LDL autoantibody titres 

Lp(a) levels were measured by a validated chemiluminescent ELISA with monoclonal 

antibody LPA4 as previously described.9  

OxPL-apoB was measured with a chemiluminescent immunoassay using murine 

monoclonal antibody E06.4, 35-37 E06 recognizes the phosphocholine (PC) group on 

oxidised but not native phospholipids and similarly recognises the PC covalently 

bound to bovine serum albumin (BSA) in PC-BSA. A 1:50 dilution of plasma in 1% 

BSA in Tris-buffered saline (TBS) was added to microtiter wells coated with the apoB 

specific monoclonal antibody MB47. A saturating amount of apoB was added to each 

well and therefore equal numbers of apoB particles are captured in each well. 

Biotinylated E06 was then added to determine the content of OxPL-apoB. The 

values are reported as nanomolar (nM) PC-OxPL using a standard curve of nM PC 

equivalents as previously described.31 The OxPL-apoB value reflects the absolute 

content of OxPL per a constant amount of captured apoB lipoprotein and is 

independent of plasma levels of apoB or LDL-C. The coefficient of variation of the 

Lp(a) and OxPL-apoB assays are 6.0 to 7.4% and 6.0 to 10.0% respectively. 

Chemiluminescence ELISAs were used to measure IgG and IgM autoantibodies to 

MDA-LDL, and IgG and IgM apoB-IC as previously described.5, 38 For IgG and IgM 

autoantibodies to malondialdehyde modified LDL (MDA)-LDL, a 1:200 dilution of 

plasma was added to microtitre wells coated with MDA-LDL (5g/ml) and binding to 

MDA-LDL was detected using alkaline phosphatase labeled goat anti human IgG 

and IgM (Sigma). ApoB-ICs were detected by plating murine monoclonal antibody 

MB47 to bind a saturating amount of human apoB, plasma (1:50 dilution) was added 

and IgG or IgG autoantibodies binding to the captured apoB (i.e., apoB-IC) were 

detected with alkaline phosphatase labeled goat anti human IgG or IgM as above.5, 

38 

OxLDL was measured in plasma using Mercodia ELISA kits (Diagenics Ltd, Milton 

Keynes, UK).   

Statistical analyses 
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Statistical analyses were performed using SPSS for Mac (Version 23.0, IBM SPSS 

Statistics, Armonk, New York, USA) and figures were produced using GraphPad 

Prism for Mac (Version 8.00, GraphPad Software, La Jolla California, USA). 

Comparison of variables between baseline and post-intervention was undertaken 

using the paired sample t-test for parametric and the Wilcoxon signed-rank test for 

non-parametric variables. A P-value of less than 0.05 was considered to be 

statistically significant. Normality of data distribution was assessed using the 

Shapiro-Wilk test and visualising of histograms. Correlations between variables were 

assessed using Spearman’s analyses with P-values of less than 0.01 being consider 

to be statistically significant due to multiple comparisons. Results are presented as 

mean and standard deviation for parametric or as median and interquartile range for 

non-parametric variables.  
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4.4 RESULTS 

Baseline characteristics and changes after bariatric surgery and medical 

weight management 

The baseline characteristics of patients who underwent bariatric surgery and medical 

weight management are shown in Table 4.1. Within the surgically-treated group, 31 

(53%) had Roux-en-Y gastric bypass (RYGB), 19 (32%) sleeve gastrectomy, and 9 

(15%) omega loop bypass. The mean age was 50.1 years and the median BMI was 

48 kg/m2. The prevalence of type 2 diabetes was 63% (75% including patients with 

pre-diabetes). Thirty percent of the cohort were statin-treated and this is unchanged 

following surgery. The medically-treated group had a higher mean age of 62.5 years 

and a lower median BMI of 36 kg/m2. All patients had pre-existing type 2 diabetes 

and were statin-treated. HbA1c (P=0.356), fasting glucose (P=0.253), fasting insulin 

(P=0.361), and HOMA-IR (P=0.088) were lower in the medically-treated group but 

not statistically significant. Total cholesterol (P=0.182), triglyceride (p=0.859), LDL-C 

(P=0.246), and NAFLD-liver fat score (P=0.769) were not significantly different 

between the two groups; while HDL-C (P=0.007), apoB (p=0.769), Lp(a) (P<0.001), 

and OxLDL (P=0.020) were lower, and CRP (P=0.002) and OxPL-apoB (P=0.009) 

higher in the surgical group (Table 4.1, Table 4.2 and Table 4.3). 

 

Changes in clinical characteristics after bariatric surgery and medical weight 

management 

As expected, there was significant reduction in median body mass index (BMI) from 

48 (44–52) kg/m2 at baseline to 37 (33–40) kg/m2 at 6 months and 33 (30–37) kg/m2 

at 12 months after surgery (Table 4.2). There were also significant reductions in 

markers of glycaemia (HbA1c, fasting glucose, fasting insulin, HOMA-IR, and 

HOMA-B) and markers of liver function and liver fat (ALT, GGT, and NAFLD-liver fat 

score) following surgery (Table 4.2). In comparison, a slight reduction in median BMI 

from 36 (27–41) kg/m2 to 33 (27–40) kg/m2 was achieved following medical weight 

management but no changes in markers of glycaemia, markers of liver function and 

fat, and lipid profile (Table 4.2 and 4.3). 
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Table 4.1. Baseline characteristics of patients who underwent bariatric surgery and medical weight 

management. 

 Bariatric surgery 

(n=59) 

Medical weight 

management 

(n=16) 

Clinical characteristics   

Age, y 50.1 (10.0) 62.5 (12.2) 

Female, n (%) 

Ethnicity 

41 (69) 10 (63) 

     Caucasian, n (%) 55 (93) 14 (88) 

     South Asian, n (%) 4 (7) 2 (12) 

Procedure   

     RYGB, n (%) 31 (53)  

     Sleeve gastrectomy, n (%) 19 (32)  

     Omega loop bypass, n(%) 9 (15)  

Type 2 diabetes, n (%) 37 (63) 16 (100) 

Pre-diabetes & type 2 diabetes, n (%) 44 (75) 16 (100) 

Statin, n (%) 30 (51) 16 (100)  

BMI, kg/m2 48 (44–52) 36 (27–41) 

HbA1c, mmol/mol 48 (39–58) 44 (42–46) 

eGFR, mL/min/1.73 m2 127 (30) 110 (29) 

CRP, mg/L 7.5 (3.7–13.6) 2.1 (1.7–6.1) 

Fasting glucose, mmol/L 6.6 (5.6–8.3) 5.7 (4.8–6.1) 

Fasting insulin, mU/L 18.4 (10.9–37.0) 12.1 (8.1–24.6) 

HOMA-IR 6.3 (3.3–9.9) 3.2 (2.1–6.0) 

HOMA-B 108.1 (56.7–253.2) 109.5 (90.8–530.4) 

Data presented as mean and standard deviation for parametric and median and interquartile range for 

non-parametric variables.  

Abbreviations: BMI, body mass index; CRP, C-reactive protein; HOMA-B, homeostatic model 

assessment for beta cell function; HbA1c, glycosylated haemoglobin; HOMA-IR, homeostatic model 

assessment for insulin resistance. 
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Table 4.2. Changes in clinical characteristics and markers of glycemia following bariatric surgery and medical weight management. 

 Bariatric surgery (n=59) Medical weight management (n=16) 

 Baseline 6 months 12 months Baseline 12 months 

BMI, kg/m2 48 (44–52) 37 (33–40)** 33 (30–37)** 36 (27–41) 33 (27–40)* 

HbA1c, mmol/mol 48 (39–58) 36 (34–43)** 35 (33–40)** 44 (42–46) 41 (40–46) 

Fasting glucose, mmol/L 6.6 (5.6–8.3) 6.2 (5.0–7.5) 5.8 (5.0–6.8)** 5.7 (4.8–6.1) 5.4 (5.0–6.6) 

Fasting insulin, mU/L 18.4 (10.9–37.0) 8.3 (5.5–17.9)* 8.0 (4.8–16.6)** 12.1 (8.1–24.6) 16.4 (7.5–25.3) 

HOMA-IR 6.3 (3.3–9.9) 2.6 (1.4–6.0)* 2.0 (1.0–4.4)** 3.2 (2.1–6.0) 3.7 (1.7–8.9) 

HOMA-B 108.1 (56.7–253.2) 64.7 (36.0–128.2)* 77.9 (41.7–149.2)* 109.5 (90.8–530.4) 162.3 (87.3–209.8) 

eGFR, mL/min/1.73 m2 127 (30) 119 (27) 120 (27)** 110 (29) 105 (29)** 

CRP, mg/L 7.5 (3.7–13.6) 1.0 (0.4–2.1)** 1.4 (0.5–4.0)** 2.1 (1.7–6.1) 2.2 (1.6–5.5) 

ALT, U/L 7.0 (5.2–10.7) 5.3 (3.0–10.7) 5.4 (3.7–8.2)** 5.5 (4.0–11.3) 5.6 (5.1–8.5) 

AST, U/L 10.6 (6.5–19.3) 10.2 (6.1–19.9) 10.8 (8.2–17.3) 8.2 (5.7–11.9) 8.7 (6.1–11.6) 

GGT, U/L 33.1 (24.0–52.6) 20.3 (15.5–28.4)** 21.2 (12.6–32.0)** 26.9 (19.9–43.2) 29.5 (20.2–47.0) 

NAFLD-Liver fat score 0.24 (-1.0 –2.6) -2.05 (-3.83–0.62)** -2.56 (-3.75–-0.66)** -0.0 (-1.5–2.4) -0.05 (-0.56–2.47) 

Data presented as mean and standard deviation for parametric and median and interquartile range for non-parametric variables. Comparison of variables post-

intervention with baseline was performed using paired t-test for parametric and Wilcoxon signed-rank test for non-parametric variables. *P<0.05, **P<0.01 

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase, BMI, body mass index; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; 

GGT, gamma-glutamyl transferase; HOMA-B, homeostatic model assessment for beta cell function; HbA1c, glycosylated haemoglobin; HOMA-IR, homeostatic 

model assessment for insulin resistance; NAFLD, non-alcoholic fatty liver disease. 
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Table 4.3. Changes in lipid profile and markers of lipoprotein-associated oxidative stress following bariatric surgery and medical weight management. 

 Bariatric surgery (n=59) Medical weight management (n=16) 

 Baseline 6 months 12 months Baseline 12 months 

Total cholesterol, mmol/L 4.1 (3.6–5.1) 4.1 (3.5–4.8) 4.3 (3.8–5.1) 4.8 (1.3) 4.9 (1.2) 

Triglyceride, mmol/L  1.5 (1.1–2.0) 1.2 (0.9–1.6)** 1.3 (0.9–1.6)** 1.4 (1.0–2.4) 1.4 (1.0–2.2) 

HDL-C, mmol/L 0.94 (0.84–1.13) 1.11 (0.92–1.26)* 1.18 (1.00–1.36)** 1.25 (1.06–1.57) 1.36 (1.08–1.63) 

LDL-C, mmol/L 2.5 (1.9–3.3) 2.3 (1.8–3.1) 2.5 (2.0–3.2) 2.9 (1.0) 2.8 (1.1) 

ApoB, mg/dL 70 (60–84) 67 (54–83)* 62 (57–78)** 95 (30) 102 (27) 

Lp(a), mg/dL 10.2 (3.8–31.9) 11.5 (4.0–28.8) 16.9 (4.9–38.6)** 44.4 (26.9–74.7) 43.2 (29.9 –71.1) 

PCSK9, ng/mL 162.2 (80.8–271.2) 154.6 (59.4–253.6) 153.5 (70.8–243.4) 353.8 (213.9–460.7) 437.1 (214.6–552.5) 

OxLDL, ng/mL 52.4 (34.1–129.8) 55.3 (34.6–153.4) 65.8 (34.2–130.6) 113.8 (59.6–155.3) 148.4 (66.9–167.3)* 

OxPL-apoB, nM 5.0 (3.2–7.4) 3.9 (3.3–5.6) 3.8 (3.0–5.5)** 2.7 (1.9–5.3) 4.3 (2.1–7.8) 

OxPL-apoB to Lp(a) ratio 0.57 (0.23–1.03) 0.39 (0.20–0.78)* 0.27 (0.14–0.69)** 0.05 (0.04–0.11) 0.06 (0.05–0.14) 

IgG MDA-LDL, RLU 16723 (11800–26413) 13548 (8873–20887)** 11710 (8873–15896)** 11253 (8418–25891) 12488 (7495–26032) 

IgM MDA-LDL, RLU 32633 (21508–50824) 25168 (16174–41359)** 26664 (15675–39586)** 60017 (49565–82378) 56510 (45988–60801)* 

IgG IC, RLU 33367 (20074–42552) 21366 (15658–30215)** 17755 (10448–24554)** 17324 (5340) 15585 (6759) 

IgM IC, RLU 19875 (14772–27179) 15084 (11920–27641) 15410 (8890–20668)** 17626 (11133) 15335 (8002) 

Data presented as mean and standard deviation for parametric and median and interquartile range for non-parametric variables. Comparison of variables post-

intervention with baseline was performed using paired t-test for parametric and Wilcoxon signed-rank test for non-parametric variables. *P<0.05, **P<0.01 

Abbreviations: HDL-C, high-density lipoprotein cholesterol; IC, immune complex; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); MDA-LDL, 

malondialdehyde-modified LDL; OxLDL, oxidised LDL; OxPL-apoB, oxidised phospholipids on apolipoprotein B-100; PCSK9, proprotein convertase subtilisin/kexin 

9; RLU, reactive light units.  
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Changes in lipid profile, lipoprotein(a), OxLDL, and OxPL-apoB after bariatric 

surgery and medical weight management 

Triglyceride and apoB levels decreased, and HDL-C increased significantly following 

surgery (Table 4.3). Lp(a) increased significantly at 12 months following bariatric 

surgery [10.2 (3.8–31.9) vs 16.9 (4.9–38.6) mg/dL, P=0.002] (Figure 4.1 and Table 

4.3). There was no significant change following medical weight management. 

In contrast to Lp(a), there was a trend for reduction of OxPL-apoB at 6 months [5.0 

(3.2–7.4) vs 3.9 (3.3–5.6) nM, P=0.076] with further significant reductions at 12 

months after surgery [5.0 (3.2–7.4) vs 3.8 (3.0–5.5) nM, P=0.001] (Figure 4.1 and 

4.2, and Table 4.3). These changes were accompanied by a reduction in OxPL-apoB 

to Lp(a) ratio at both 6 months and 12 months after surgery [0.57 (0.23–1.03) vs 0.39 

(0.20–0.78) vs 0.27 (0.14–0.69), P=0.035 and P<0.001 respectively]. No significant 

changes were observed following medical weight management.  

Whilst there were no significant changes in OxLDL at both 6 and 12 months after 

bariatric surgery, a significant increase was observed following medical weight 

management [113.8 (59.6–155.3) vs 148.4 (66.9–167.3) ng/mL, P=0.028] (Table 

4.3).  
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A.          B.  

    

Figure 4.1. Absolute changes in lipoprotein(a) and OxPL-apoB following bariatric surgery and medical weight management. 

Absolute changes in A) lipoprotein(a) and B) OxPL-apoB from baseline to 6 months and 12 months after bariatric surgery. Data are presented as mean and 

standard error of the mean. Comparisons of variables at 6 and 12 months with baseline were performed using paired samples t-test or parametric and 

Wilcoxon signed-rank test for non-parametric variables. *P<0.05, **P<0.01 
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A.          B.  

    

Figure 4.2. Comparison of lipoprotein(a) and OxPL-apoB levels at baseline and after bariatric surgery and medical weight management. 

Levels of A) lipoprotein(a) and B) OxPL-apoB from baseline to 6 months and 12 months after bariatric surgery. 

Data are presented as median and interquartile range. Comparisons of variables at 6 and 12 months with baseline were performed using paired samples t-

test or parametric and Wilcoxon signed-rank test for non-parametric variables. 
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Changes in MDA-LDL autoantibodies and apolipoprotein B-100 immune 

complexes after bariatric surgery and medical weight management 

Following bariatric surgery, there were significant reductions in IgG MDA-LDL [16723 

(11800–26413) vs 13548 (8873–20887) RLU, P<0.001] and IgG apoB-IC [33367 

(20074–42552) vs 21366 (15658–30215) RLU, P<0.001] at 6 months, with further 

reductions observed at 12 months [16723 (11800–26413) vs 11710 (8873–15896) 

RLU and 33367 (20074–42552) vs 17755 (10448–24554) RLU, both P<0.001] 

(Figure 4.3 and Table 4.3).  

Similarly, IgM MDA-LDL were reduced significantly at both 6 months [32633 (21508–

50824) vs 25168 (16174–41359) RLU, P=0.001] and 12 months [32633 (21508–

50824) vs 26664 (15675–39586) RLU, P<0.001] after bariatric surgery. Significant 

reductions in IgM apoB-IC was also observed at 12 months after surgery [19875 

(14772–27179) vs 15410 (8890–20668) RLU, P<0.001], with a trend for reduction at 

6 months [19875 (14772–27179) vs 15084 (11920–27641) RLU, P=0.051] which did 

not achieve statistical significance. 

In comparison, there was significant reduction in IgM MDA-LDL [60017 (49565–

82378) vs 56510 (45988–60801) RLU, p=0.020] and a trend for reduction in IgM 

apoB-IC which did not achieve statistically significance [17626 (11133) vs 15335 

(8002) RLU, p=0.085], but no significant changes in IgG MDA-LDL and IgG apoB-IC 

following medical weight management (Figure 4.3 and Table 4.3). 
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  A.        B. 

   
C.        D.   

   

Figure 4.3. Absolute changes in IgG and IgM MDA-LDL and apoB-IC between bariatric surgery and medical weight management. 

Absolute changes in A) IgG MDA-LDL, B) IgM MDA-LDL, C) IgG apoB-IC, and D) IgM apoB-IC from baseline to 6 months and 12 months after bariatric 

surgery. Data are presented as mean and standard error of the mean. Comparisons of variables at 6 and 12 months with baseline were performed using 

paired samples t-test for parametric and Wilcoxon signed-rank test for non-parametric variables. *P<0.05, **P<0.01 
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Correlations between biomarkers, clinical characteristics and lipid profile 

Lp(a) correlated positively with OxPL-apoB, IgM MDA-LDL and OxLDL at baseline 

and 12 months (Table 4.4).  IgG MDA-LDL correlated positively with IgG apoB-IC 

and both baseline and 12 months. IgM MDA-LDL correlated positively with IgM 

apoB-IC at 12 months but no baseline. There were no significant correlations 

between OxPL-apoB and OxLDL both at baseline and 12 months after surgery. 

While there was no significant correlation between Lp(a) and triglyceride at baseline 

(Table 4.5), change in Lp(a) did correlate negatively with change in triglyceride at 12 

months after surgery (Figure 4.4 and Table 4.6).  

There was a negative correlation was present between change in OxPL-apoB and 

change in triglyceride at 12 months after surgery (Table 4.6), which was maintained 

among patients with type 2 diabetes (Spearman’s ρ=-0.463, P=0.007). Positive 

correlations in both baseline levels, and absolute changes in OxPL-apoB and 

PCSK9 were observed (Table 4.5 and 4.6). 

OxLDL correlated positively with total cholesterol, HDL-C, and LDL-C in both 

baseline levels and absolute changes at 12 months after surgery. There was a 

positive correlation between change in OxLDL and change in apoB but a similar 

correlation was not observed at baseline (Table 4.5 and 4.6, and Figure 4.4). 

The change in Lp(a) correlated negatively with changes in fasting glucose, fasting 

insulin, and HOMA-IR at 12 months after surgery (Table 4.7). The negative 

correlation with HOMA-IR was maintained in the sub-analysis of patients with type 2 

diabetes (Spearman’s ρ=-0.479, P=0.005). There was a trend of change in Lp(a) and 

change in NAFLD-liver fat score which did not achieve statistical significance 

(Spearman’s ρ=-0.309, P=0.033) (Figure 4.4). Lp(a) correlated positively with AST at 

baseline (Table 4.5). 

Similarly, there was a negative correlation between change in OxPL-apoB and 

change in NAFLD-liver fat score was observed at 12 months after surgery 

(Spearman’s ρ=-0.384, P=0.004) (Table 4.7) which was maintained among patients 

with type 2 diabetes (Spearman’s ρ=-0.530, P=0.003).  
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There were no significant correlations between change in CRP and changes in 

OxPL-apoB, OxLDL, and autoantibodies and immune complexes to MDA-LDL. 

Likewise, no significant correlations were noted between change in CRP and 

changes in NAFLD-liver fat score, fasting glucose, and HOMA-IR. There was, 

however, a positive correlation between change in CRP and fasting insulin 

(Spearman’s ρ=0.285, P=0.003).
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Table 4.4. Bivariate Spearman correlation between Lp(a) and markers of lipoprotein-associated oxidative stress at baseline and 12 months after surgery. 

 Lp(a) OxPL-apoB IgG MDA-LDL IgM MDA-LDL IgG apoB-IC IgM apoB-IC 

Baseline       

 Lp(a), mg/dL -      

 OxPL-apoB, nM 0.432** -     

 IgG MDA-LDL, RLU 0.164 0.060 -    

 IgM MDA-LDL, RLU 0.348** 0.240 0.227 -   

 IgG IC, RLU -0.198 0.054 0.530** -0.230 -  

 IgM IC, RLU -0.221 0.213 0.117 0.196 0.322 - 

 oxLDL, ng/mL 0.402** 0.042 -0.048 0.232 -0.481** -0.464** 

12 months       

 Lp(a), mg/dL -      

 OxPL-apoB, nM 0.490** -     

 IgG MDA-LDL, RLU 0.178 0.123 -    

 IgM MDA-LDL, RLU 0.315 -0.007 0.260 -   

 IgG IC, RLU 0.024 0.153 0.514** -0.001 -  

 IgM IC, RLU -0.035 0.143 0.090 0.450** 0.139 - 

 OxLDL, ng/mL 0.290 -0.022 0.193 0.295 -0.259 -0.186 

Abbreviations: IC, immune complex; Lp(a), lipoprotein(a); MDA-LDL, malondialdehyde-modified LDL; OxLDL, oxidised LDL; OxPL-apoB, oxidised 

phospholipids on apolipoprotein B-100; RLU, reactive light units. **P<0.01 

 



 

 141 

A.         B.  

    
  C.         D. 

     

Figure 4.4. Correlations between changes in lipoprotein(a), triglyceride, and markers of insulin resistance and hepatic fat at 12 months after bariatric surgery. 

Bivariate spearman correlation between change in lipoprotein(a) and changes in A) triglyceride, B) NAFLD-liver fat score, C) fasting insulin, and D) HOMA-IR 

at 12 months after bariatric surgery.  
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Table 4.5. Bivariate Spearman correlation between Lp(a), markers of lipoprotein-associated oxidative stress, clinical characteristics, lipid profile, and markers 

of glycaemia and liver function at baseline before surgery. 

 Lp(a), mg/dL OxPL-apoB, 

nM 

 IgG MDA-LDL, 

RLU 

IgM MDA-LDL, 

RLU 

IgG apoB-IC, 

RLU 

IgM apoB-IC, 

RLU 

OxLDL, ng/mL 

BMI, kg/m2 -0.129 -0.064 0.113 -0.075 0.193 0.023 -0.206 

Total cholesterol, mmol/L 0.258 0.040 -0.343** -0.384** -0.119 0.281 0.452** 

Triglyceride, mmol/L -0.132 -0.092 -0.313 -0.120 -0.102 0.089 0.187 

HDL-C, mmol/L 0.180 0.076 -0.306 -0.257 -0.324 0.056 0.441** 

LDL-C, mmol/L 0.299 0.089 -0.244 -0.341 -0.009 0.384** 0.382** 

ApoB, mg/dL -0.013 0.013 -0.253 -0.205 -0.151 -0.052 0.265 

PCSK9, ng/mL 0.223 0.665** 0.042 0.211 0.290 0.206 -0.110 

Fasting glucose, mmol/L 0.174 0.040 -0.383** -0.119 -0.214 0.026 0.543** 

Fasting insulin, mU/L -0.090 -0.109 -0.038 -0.134 0.142 0.066 -0.035 

HOMA-IR -0.075 -0.113 -0.156 -0.132 0.076 0.078 0.191 

Triglyceride, mmol/L -0.140 -0.123 0.199 0.050 0.300 0.176 -0.244 

ALT, U/L 0.139 -0.083 -0.147 0.137 -0.215 -0.104 0.136 

AST, U/L 0.343** -0.088 -0.103 0.161 -0.527 -0.268 0.539** 

GGT, U/L -0.337 -0.131 -0.125 -0.126 -0.156 -0.100 -0.014 

NAFLD-liver fat score 0.055 -0.142 0.149 0.019 0.057 -0.092 -0.133 

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; GGT, gamma-glutamyl transferase; HOMA-IR, HDL-C, high-

density lipoprotein cholesterol; homeostatic model assessment for insulin resistance; LDL-C, low-density lipoprotein cholesterol; NAFLD, non-alcoholic fatty 

liver disease. **P<0.01 
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Table 4.6. Bivariate Spearman correlation between changes in Lp(a), markers of lipoprotein-associated oxidative stress, clinical characteristics, and lipid 

profile at 6 months and 12 months after surgery. 

  Lp(a), 

mg/dL 

 OxPL-apoB, 

nM 

 IgG MDA-

LDL, RLU 

 IgM MDA-

LDL, RLU 

 IgG apoB-IC, 

RLU 

 IgM apoB-IC, 

RLU 

 OxLDL, 

ng/mL 

6 months        

BMI, kg/m2 -0.058 0.043 -0.109 -0.51 0.251 0.161 0.231 

Total cholesterol, mmol/L 0.097 0.337 -0.015 -0.032 -0.090 -0.001 0.101 

 Triglyceride, mmol/L -0.170 -0.095 -0.092 -0.235 0.062 -0.101 -0.118 

HDL-C, mmol/L 0.019 0.442 0.098 -0.095 -0.119 0.001 0.269 

LDL-C, mmol/L 0.205 0.315 0.009 0,067 -0.090 0.015 0.154 

ApoB, mg/dL -0.004 0.021 0.049 0.087 -0.161 -0.087 0.131 

PCSK9, ng/mL 0.296 0.561** -0.073 0.438 -0.113 0.509** 0.352 

12 months        

BMI, kg/m2 -0.151 -0.261 0.227 0.185 0.171 -0.199 -0.064 

Total cholesterol, mmol/L -0.113 0.086 -0.215 0.145 -0.194 -0.118 0.456** 

 Triglyceride, mmol/L -0.373** -0.349** 0.023 -0.040 -0.095 -0.102 -0.054 

HDL-C, mmol/L 0.129 0.207 -0.042 -0.169 0.024 0.130 0.535** 

LDL-C, mmol/L -0.033 0.161 -0.200 0.221 -0.160 -0.082 0.402** 

ApoB, mg/dL -0.154 0.048 -0.405** 0.129 -0.396** -0.068 0.581** 

PCSK9, ng/mL 0.052 0.474** -0.118 0.355 -0.381 0.050 0.173 

Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; IC, immune complex; LDL-C, low-density lipoprotein cholesterol; Lp(a), 

lipoprotein(a); MDA-LDL, malondialdehyde-modified LDL; OxLDL, oxidised LDL; OxPL-apoB, oxidised phospholipids on apolipoprotein B-100; PCSK9, 

proprotein convertase subtilisin/kexin 9; RLU, reactive light units. **P<0.01 
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Table 4.7. Bivariate Spearman correlation between changes in Lp(a) and markers of lipoprotein-associated oxidative stress, glycaemia, and liver function. 

  Lp(a), 

mg/dL 

 OxPL-apoB, 

nM 

 IgG MDA-

LDL, RLU 

 IgM MDA-

LDL, RLU 

 IgG apoB-IC, 

RLU 

 IgM apoB-IC, 

RLU 

 OxLDL, 

ng/mL 

6 months        

 Fasting glucose, mmol/L -0.205 0.050 -0.109 -0.51 0.251 0.161 0.231 

 Fasting insulin, mU/L -0.015 -0.113 -0.197 -0.122 0.094 0.148 -0.223 

 HOMA-IR -0.065 -0.096 -0.183 -0.177 -0.009 0.195 -0.117 

 Triglyceride, mmol/L -0.170 -0.095 -0.092 -0.235 0.062 -0.101 -0.118 

 ALT, U/L -0.011 -0.042 -0.152 0.099 0.331 0.129 -0.182 

 AST, U/L -0.004 -0.086 0.168 -0.064 0.222 0.380 0.078 

 GGT, U/L -0.121 -0.282 -0.148 -0.084 -0.053 -0.183 0.027 

 NAFLD-liver fat score -0.054 -0.203 -0.340 -0.102 0.186 0.123 -0.228 

12 months        

 Fasting glucose, mmol/L -0.372** 0.127 -0.202 -0.023 -0.124 -0.023 0.137 

 Fasting insulin, mU/L -0.339** -0.215 0.097 0.017 0.066 -0.147 0.081 

 HOMA-IR -0.379** -0.146 0.012 0.034 -0.019 -0.191 0.090 

 Triglyceride, mmol/L -0.373** -0.349** 0.023 -0.040 -0.095 -0.102 -0.054 

 ALT, U/L -0.190 -0.241 -0.149 -0.180 0.005 -0.024 -0.247 

 AST, U/L -0.254 -0.174 -0.174 -0.241 -0.291 -0.136 -0.015 

 GGT, U/L -0.068 -0.244 0.171 -0.185 0.116 0.055 0.058 

 NAFLD-liver fat score -0.309 -0.384** 0.207 0.043 0.195 -0.111 -0.138 

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase, GGT, gamma-glutamyl transferase; HOMA-IR, homeostatic model assessment for 

insulin resistance; IC, immune complex; Lp(a), lipoprotein(a); MDA-LDL, malondialdehyde-modified LDL; NAFLD, non-alcoholic fatty liver disease; OxLDL, 

oxidised LDL; OxPL-apoB, oxidised phospholipids on apolipoprotein B-100. **P<0.01  
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Subgroup analyses in patients with and without type 2 diabetes 

The increase in Lp(a) levels after surgery was significant in patients without type 2 

diabetes but did not achieve statistical significance in patients with type 2, although 

the mean absolute changes were similar between the two groups. (Table 4.8). 

Reductions in OxPL-apoB and OxPL-apoB to Lp(a) ratio were significant in both 

patients with and without type 2 diabetes. IgG MDA-LDL, IgM MDA-LDL, IgG apoB-

IC and IgM apoB-IC all decreased significantly at 12 months after surgery in both 

patients with and without type 2 diabetes. OxLDL, however, did not change 

significantly in either group.  

 

Subgroup analyses in patients undergoing Roux-en-Y gastric bypass and 

sleeve gastrectomy 

The increase in Lp(a) was significant in patients who underwent sleeve gastrectomy 

(Table 4.9). Significant reductions in OxPL-apoB were observed following both 

RYGB and sleeve gastrectomy. There was a reduction in OxPL-apoB to Lp(a) 

following RYGB. Both groups had significant decreases in IgG MDA-LDL, IgG apoB-

IC and IgM apoB-IC. No significant changes were observed in OxLDL in both 

groups.  
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Table 4.8. Comparison of clinical characteristics and changes in lipoprotein(a) and markers of lipoprotein-associated oxidative stress in patients with and without type 2 

diabetes. 

 Type 2 diabetes (n=37) No type 2 diabetes (n=22) 

 Baseline 12 months Absolute change Baseline 12 months Absolute change 

Clinical characteristics      

Age, y 51.4 (10.5)   47.9 (8.8)   

Statin, n (%) 26 (70)   4 (18)   

BMI, kg/m2 48 (44–57) 35 (31–38)** -15.4 (5.9) 49 (45–52) 32 (29–36)** -15.8 (4.8) 

Lipoprotein(a) and markers of lipoprotein-associated oxidative stress 

Lp(a), mg/dL 10.3 (4.3–32.0) 16.1 (5.8–39.0) 5.3 (16.3) 10.1 (3.1–33.1) 17.7 (4.8–41.5)** 8.7 (10.5) 

OxLDL, ng/mL 50.3 (33.7–129.8) 51.9 (32.6–121.2) -0.3 (-23.3–11.8) 57.3 (39.8–129.8) 77.8 (35.1–142.8) -2.0 (-10.6–19.6) 

OxPL-apoB, nM 5.0 (3.4–7.1) 4.3 (3.1–6.1)* -1.9 (3.9) 4.7 (3.1–7.9) 3.6 (2.3–5.1)** -1.5 (2.4) 

OxPL-apoB to Lp(a) ratio 0.55 (0.23–1.01) 0.27 (0.15–0.78)* -0.09 (-0.41–0.07) 0.76 (0.17–1.44) 0.22 (0.14–0.56)** -0.12 (-0.70–-0.01) 

IgG MDA-LDL, RLU 16977 (11860–27046) 11710 (8922–16059)** -6432 (12813) 16267 (11068–21433) 11786 (8637–16014)** -4086 (5960) 

IgM MDA-LDL, RLU 31623 (20641–53362) 26664 (15679–40471)** -7373 (16039) 38779 (18212) 28493 (16575)** -10635 (12931) 

IgG IC, RLU 36248 (19742–44945) 20353 (13732–26127)** -18058 (19756) 28733 (20493–44214) 12430 (9350–21731)** -16147 (22129) 

IgM IC, RLU 20633 (15784–28625) 16706 (9257–25640)** -6023 (-11680–337) 18936 (12757–26353) 11616 (8488–17363)** -4005 (-12346–-100) 

Data presented as mean and standard deviation for parametric and median and interquartile range for non-parametric variables. Comparison of variables post-intervention 

with baseline was performed using paired t-test for parametric and Wilcoxon signed-rank test for non-parametric variables. *P<0.05, **P<0.01 

Abbreviations: BMI, body mass index; IC, immune complex; Lp(a), lipoprotein(a); MDA-LDL, malondialdehyde-modified LDL; OxLDL, oxidised LDL; OxPL-apoB, oxidised 

phospholipids on apolipoprotein B-100; PCSK9, proprotein convertase subtilisin/kexin 9; RLU, reactive light units. 
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Table 4.9. Comparison of clinical characteristics and changes in lipoprotein(a) and markers of lipoprotein-associated oxidative stress in patients who underwent Roux-en-Y 

gastric bypass and sleeve gastrectomy. 

 Roux-en-y gastric bypass (n=31) Sleeve gastrectomy (n=19) 

 Baseline 12 months Absolute change Baseline 12 months Absolute change 

Clinical characteristics      

Age, y 47.8 (9.4)   52.8 (9.7)   

Type 2 diabetes 22 (71)   8 (42)   

Statin, n (%) 15 (48)   10 (53)   

BMI, kg/m2 49 (6) 32 (5)** -16.5 (5.1) 47 (7) 34 (6)** -13.1 (4.8) 

Lipoprotein(a) and markers of lipoprotein-associated oxidative stress    

Lp(a), mg/dL 10.3 (4.2–31.8) 18.0 (5.4–36.6) 6.1 (14.8) 10.0 (4.6–28.6) 10.7 (4.3–42.9)* 5.3 (9.0) 

OxLDL, ng/mL 50.3 (34.0–114.2) 76.6 (32.8–118.9) -7.5 (-16.5–8.8) 56.6 (37.5–135.3) 76.4 (40.5–149.6) 11.6 (-3.3–40.2) 

OxPL-apoB, nM 4.8 (3.0–7.1) 4.0 (3.2–5.2)* -1.5 (3.6) 4.9 (3.4–7.8) 3.2 (2.0–5.5)* -1.7 (3.0) 

OxPL-apoB to Lp(a) ratio 0.50 (0.22–1.02) 0.22 (0.15–0.69)** -0.41 (0.78) 0.63 (0.25–1.13) 0.29 (0.15–0.80) -0.16 (0.39) 

IgG MDA-LDL, RLU 16977 (12484–26043) 10705 (8308–15386)** -5366 (5169) 14882 (10983–27287) 13463 (8806–15957)* -7368 (15992) 

IgM MDA-LDL, RLU 31623 (21653–54558) 26664 (15631–31934)** -11242 (17345) 32102 (19878–47179) 28735 (12929–42494) -3190 (10017) 

IgG IC, RLU 36442 (27272–40378) 18046 (10678–21696)** -21871 (20160) 28718 (18201–43045) 15173 (9506–22373)** -14000 (21956) 

IgM IC, RLU 19780 (15230–27486) 13580 (8890–20668)** -8794 (18083) 21116 (12063–27223) 14992 (7896–19353)* -23768 (79266) 

Data presented as mean and standard deviation for parametric and median and interquartile range for non-parametric variables. Comparison of variables post-intervention 

with baseline was performed using paired t-test for parametric and Wilcoxon signed-rank test for non-parametric variables. * P<0.05, ** P<0.01 

Abbreviations: BMI, body mass index; IC, immune complex; Lp(a), lipoprotein(a); MDA-LDL, malondialdehyde-modified LDL; OxLDL, oxidised LDL; OxPL-apoB, oxidised 

phospholipids on apolipoprotein B-100; PCSK9, proprotein convertase subtilisin/kexin 9; RLU, reactive light units.  



4.5 DISCUSSION 

This is the first study to simultaneously assess the effect of bariatric surgery on 

Lp(a), OxPL-apoB and related biomarkers of oxidised lipoproteins in patients with 

severe obesity. In concert with expected improvements in BMI, insulin resistance 

measures, and liver function, bariatric surgery resulted in an increase in Lp(a). In 

contrast, biomarkers of oxidiSed lipoproteins, including OxPL-apoB, IgG and IgM 

MDA-LDL and apoB-IC, but not OxLDL, showed significant decreases following 

bariatric surgery. Overall, these data suggest that along with improved liver function 

and insulin resistance, a global improvement in oxidative stress that is manifested by 

significant reductions in specific biomarkers of oxidised lipoproteins is observed after 

bariatric surgery.  

The increase in Lp(a) may seem unexpected, particularly as plasma levels of other 

lipoproteins showed more modest changes, albeit many subjects were on lipid 

modifying medications. Lp(a) plasma levels are primarily mediated by hepatocyte 

synthetic activity rather than clearance mechanisms,39 and it is not surprising that an 

improvement in liver function may also improve production and secretion of Lp(a) 

leading to higher plasma levels. Prior studies have shown that in advanced liver 

disease or non-alcoholic steatohepatitis, plasma levels of Lp(a) are reduced.40 As 

Lp(a) is secreted from the liver, one potential explanation for the increase in Lp(a) 

would be the improvement in hepatic steatosis and liver function following surgery. 

Secondly, the post-surgical rise in Lp(a) could also be a result of reduced hepatic 

clearance of apolipoprotein(a) in triglyceride-rich particles as triglyceride levels 

decreases and this is consistent with the inverse relationship between Lp(a) and 

triglyceride levels observed in our study, as well as previous cross-sectional 

studies.41-43 Thirdly, there is also an established inverse association between Lp(a) 

and insulin resistance and insulin levels as demonstrated in previous studies19-21 and 

it is proposed that this may be a result of insulin-mediated suppression of hepatic 

apolipoprotein(a) synthesis.44 These proposed mechanisms for the increase in Lp(a) 

may be more applicable in patients with type 2 diabetes as similar correlation was 

not maintained in patients without type 2 diabetes. This can be expected given that 

even among patients with severe obesity, the presence of type 2 diabetes would 
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indicate a more severe phenotype of metabolic syndrome and therefore a more 

marked effect of insulin resistance and hepatic steatosis on Lp(a) synthesis.  

It was previously been demonstrated that Lp(a) binds and transports OxPL, and that 

the OxPL-apoB assay often reflects the pro-inflammatory effects of Lp(a) since it 

contributes a large proportion of the OxPL measured with this assay,7, 10, 37, 45 hence 

a reduction in OxPL-apoB following surgery may also seem unexpected.  However, 

although Lp(a) itself can become oxidised and autogenerate OxPL, most OxPL are 

generated elsewhere, such as in the liver, and likely transferred to and carried by 

Lp(a). Therefore, synthesis and secretion of Lp(a) and generation of OxPL are not 

necessarily conjoined pathophysiologically in all instances. In the case of the 

physiological milieu following bariatric surgery, it can be anticipated that with the 

increased synthetic capacity of the liver, the overall oxidative stress the hepatocytes 

are exposed to, and therefore the amount of OxPL generated, are markedly reduced, 

that likely explains the decline in OxPL-apoB. Consistent with this, the OxPL-apoB to 

Lp(a) ratio was also significantly reduced. OxPL have been shown in previous 

studies to accumulate in non-alcoholic steatohepatitis, and are involved in the 

pathogenesis of hepatic steatosis.46, 47  

The experience of therapeutic interventions evaluating changes in OxPL-apoB is not 

as well established as the database for the baseline levels predicting future risk of 

myocardial infarction,37, 48 stroke,49 peripheral arterial disease31 and aortic 

stenosis.50, 51 However, it has been noted that OxPL-apoB can be reduced up to 

89% by antisense oligonucleotides to apo(a)52 and ~20% by niacin,53 and although 

there is significant individual variability, can be increased ~20% by statins in some 

patients,54 all of which also affect its main lipoprotein carrier, Lp(a), in the same 

direction. However, the observation of a divergence of Lp(a) and OxPL-apoB levels 

following bariatric surgery is reported for the first time, and does suggest a unique 

pathophysiological relationship between the metabolism of Lp(a) and the generation 

and transport of OxPL following bariatric surgery.   

We have also found significant reductions in autoantibodies to MDA-LDL and apoB-

ICs following bariatric surgery which are also independent of surgical procedure and 

presence of diabetes. Although previous studies have suggested the that IgM 

autoantibodies and apoB-ICs may be protective and have potential atherosclerosis-
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modulating effects in steady state,5 their levels are increased in the acute phase and 

states of inflammation8. Their reduction following bariatric surgery, along with IgG 

autoantibodies and apoB-IC are therefore likely to reflect the state of heightened 

inflammation in severe obesity which then improves following surgery.  

In contrast with overall reductions in markers of oxidative stress, levels of OxLDL did 

not change significantly after bariatric surgery. Comparison of OxLDL data with 

OxPL-apoB have also only been carried out in one prior study.55 The assay used to 

measure OxLDL is based on murine monoclonal antibody 4E6, whose binding to 

OxLDL has been shown to be completed by unoxidised LDL (likely an apoB epitope) 

but at higher concentrations, suggesting it detects both OxLDL and unoxidised 

LDL.56 Furthermore, spiking samples of known OxLDL levels with unoxidised LDL 

results in increases in OxLDL, which should not occur if the antibody was specific to 

OxLDL.57 These data suggest that OxLDL as measured by the Mercodia assay used 

in this study does not reflect a true measure of OxLDL. This can also be appreciated 

by the fact that the medical weight management group, which has a lower BMI but 

has significantly higher LDL, also has higher OxLDL levels.  

Given that it is impossible to create a true control group for a human study into the 

effects of bariatric surgery, we have undertaken a pre-and post-intervention study 

with the inclusion of a parallel group of patients who underwent medical weight 

management. Due to the study being observational in design, we had no control over 

the choice of intervention for patients hence the difficulty in matching. Younger 

patients with higher BMIs and less comorbidities are more likely to be offered 

surgical intervention with less delay, and hence the difference in age and BMI. We 

acknowledge that a difference in age and presence of diabetes may be a 

confounding factor when contrasting between surgical and non-surgical groups. 

However, it is also important to note that the glycaemic control was favourable and 

similar in both groups. In addition to our primary aim of assessing the changes in 

Lp(a) and OxPL-apoB after bariatric surgery, we have also conducted multiple 

analyses into correlations between variations and subgroup comparisons 

simultaneously, raising a potential issue surrounding multiple testing. We 

acknowledge that these are exploratory in nature but does provide observations of 

interest that may help provide some mechanistic explanation to the bariatric surgery-
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related changes described. Lastly, whilst we were able to demonstrate significant 

changes in our primary outcome measures, comparison of variables in subgroup 

analyses is limited by the sample size of our cohort.   

In conclusion, bariatric surgery results in additional beneficial functions reflected by 

improved measures of oxidised lipoproteins. These biomarkers can be used to 

further understand the pathophysiological effects of bariatric surgery. Whether 

changes in these biomarkers will reflect long-term benefits and hard endpoints in 

patients with obesity awaits to be determined.  
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5.1 ABSTRACT  

Aim: We have recently demonstrated that high-density lipoproteins (HDL) transport 

microRNAs (miRNAs) in plasma. Here we aim to investigate how HDL-associated 

miRNAs are regulated in severe obesity and more importantly, how weight loss after 

Roux-en-Y gastric bypass surgery (RYGB) affects HDL-miRNAs. 

Methods: Plasma HDL were isolated from patients with severe obesity (n=53) 

before, 6 and 12 months after RYGB by immunoprecipitation using goat anti-human 

apoA-I microbeads. HDL were also isolated from 18 healthy participants. miRNAs 

were extracted from isolated HDL and levels of miR-24, miR-126, miR-222, miR-223 

were determined by TaqMan miRNA assays.  

Results: HDL-associated miR-126, miR-222 and miR-223 levels, but not miR-24 

levels, were significantly higher in patients with severe obesity compared to healthy 

controls. There were significant increases in HDL-associated miR-24, miR-222 and 

miR-223 levels at 12 months after RYGB. Cholesterol efflux capacity and 

paraoxonase (PON1) activity were increased and intracellular adhesion molecule-1 

(ICAM-1) levels decreased at 12 months after RYGB. The increases in HDL-

associated miR-24 and miR-223 were positively correlated with increase in 

cholesterol efflux capacity (r=0.326, P=0.027 and r=0.349, P=0.017 respectively). An 

inverse correlation was observed between HDL-associated miR-223 and ICAM-1 at 

baseline.   

Conclusions: HDL-associated miRNAs are differentially regulated in healthy versus 

patients with severe obesity. The increase in HDL-associated miRNAs following 

RYGB may reflect enhancement of HDL function and may contribute to the 

metabolic improvements observed. Understanding how miRNAs are regulated in 

obesity before and after weight reduction interventions has the potential to identify 

novel treatment strategies for obesity and related metabolic disorders. 
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5.2 INTRODUCTION 

The global prevalence of obesity has doubled over the last three to four decades and 

continues to rise progressively.1, 2 Bariatric surgery results in durable reduction in 

weight and sustained improvement in metabolic and cardiovascular outcomes, both 

in a weight-dependent and weight-independent manner.3, 4 The precise molecular 

mechanisms driving the metabolic effects of bariatric surgery remain to be fully 

established. 

Micro-ribonucleic acids (miRNAs) are small non-coding RNAs that negatively 

regulate messenger RNAs (mRNAs) through target transcript degradation or by 

inhibiting translation5 MiRNAs are involved in a diverse range of biological pathways 

and have been implicated in the biological processes underlying obesity and the 

associated cardiometabolic disease5-9 Altered miRNA expression, including 

increased miR-2410 and decreased miR-126 in adipose tissue,11 and increased miR-

2227 and decreased miR-22312 in the circulation have all been described previously 

in obesity. MiRNAs act at the intracellular level and are transported between cells in 

association with lipid-based vesicles, lipoproteins, and lipid-free protein complexes.13 

We and others have recently demonstrated the involvement of high-density 

lipoproteins (HDL) in the transport of functional miRNAs within an intercellular 

communication network, with delivery of a specific miRNA (miR-223) to endothelial 

cells, contributing to the anti-inflammatory capacity of HDL.13-15  

HDL cholesterol (HDL-C) levels have been shown to correlate inversely with 

cardiovascular disease risk16 and a clear link exists between excess weight and 

adiposity in obesity and low HDL-C levels.17 Improvements in HDL structure and 

function have been reported following metabolic surgery,18 although evidence for its 

effect on cholesterol efflux capacity have been inconsistent so far.19-21 Bariatric 

surgery has been shown to impact on the circulating miRNA signature of obesity7 

and significant changes have been described even prior to significant weight loss.22 

The effect of bariatric surgery on HDL-associated miRNAs has not been investigated 

and may contribute mechanistically to improved HDL function following bariatric 

surgery. In this study, we assessed the changes in HDL-associated miR-24, miR-

126, miR-222, and miR-223 levels following bariatric surgery.  
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5.3 MATERIALS AND METHODS 

Participants 

We recruited 53 patients with severe obesity (BMI 45.6-57.5 kg/m2 and weight 

circumference 142±17 cm) who underwent Roux-en-Y gastric bypass surgery 

(RYGB) at the Salford Royal NHS Foundation Trust tertiary weight management 

centre (Salford, UK). Patients with acute coronary syndrome within the past 6 

months, history of malignancy, anaemia, active infections, HIV, and autoimmune 

diseases were excluded. Assessments were undertaken at baseline, 6 months, and 

12 months after surgery. 18 healthy participants without a history of type 2 diabetes 

or statin therapy were recruited for comparison. This study was approved by the 

Greater Manchester Central Research and Ethics Committee. Written informed 

consent was obtained from all patients prior to participation and study assessments 

were conducted in accordance with the 1964 Helsinki declaration. 

 

Laboratory analyses 

Venous blood samples were obtained from patients between 0900 and 1100 h 

following an overnight fast of at least 12 h. Glycosylated haemoglobin (HbA1c) was 

measured using standard laboratory methods in the Department of Biochemistry, 

Manchester University NHS Foundation Trust (Manchester, UK) on the day of 

collection. Isolated serum and plasma samples were stored at -80C until use. Other 

laboratory measurements were performed at the end of the study. 

Total cholesterol and triglyceride were measured using CHOP-PAP and GPO-PAP 

methods, respectively. Apolipoprotein A-I (apoA-I) and apolipoprotein B-100 (apoB) 

were measured using immunoturbidimetry. HDL-C was assayed using a second-

generation homogenous direct method.23 Serum paraoxonase (PON1) activity was 

measured using paraoxon (O,O-diethyl O-(4-nitrophenyl) phosphate) as a substrate 

(Sigma-Aldrich, St Louis, USA).24 All these tests were performed on a Randox 

Daytona+ analyser (Randox Laboratories, Crumlin, UK). The laboratory participated 

in the RIQAS scheme (Randox International Quality Assessment Scheme; Randox 
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Laboratories, Dublin, Ireland). Low-density lipoprotein cholesterol (LDL-C) was 

estimated using the Friedewald formula. No patients had triglyceride levels above 

4.5 mmol/l. 

Adiponectin, leptin, resistin, and intercellular adhesion molecule-1 (ICAM-1) were 

measured using DuoSet ELISA development kits (R&D Systems, Abingdon, UK), 

and insulin and glucose using Mercodia ELISA kits (Diagenics Ltd, Milton Keynes, 

UK). Homeostatic model assessment was used for assessment of insulin resistance 

(HOMA-IR).25 

Cholesterol efflux capacity of HDL was determined using a previously validated 

method.26-28 The intra- and inter-assay coefficients of variation were 3.9% and 7.3% 

respectively. Briefly, J774A.1 cells were incubated with 0.2 µCi of radiolabelled 3H-

cholesterol in RPMI 1640 medium with 0.2% BSA at 37 °C in a 5% carbon dioxide 

humidified atmosphere. ABCA1 expression was upregulated using 0.3 mM C-AMP 

(8-(4-chlorophenylthio) adenosine 3’,5’-cyclic monophosphate sodium salt) for 4 

hours and the cells incubated with 2.8% (v/v) apoB-depleted serum using 

polyethylene glycol (PEG MW8000) for 4 hours. The cell media was then collected 

and the cells were dissolved in 0.5 ml 0.2 N NaOH to determine radioactivity. 

Cholesterol efflux was expressed as the percentage of radioactivity in the medium 

from the radioactivity in the cells and medium collectively: 

Cholesterol efflux (%) = 
Radioactivity in medium 

x 100 
Radioactivity in cells + radioactivity in medium 

 

HDL isolation 

Isolation of HDL was performed by immunoprecipitation of serum (600 l) as 

previously described.29 Serum was applied to a column containing goat anti-human 

apoA-I antibody covalently coupled to cyanogen bromide (CNBr)-activated 

Sepharose 4B (Academy Bio-Medical Company, Inc. Houston USA). The column 

was then washed 10 times with Tris-buffered saline (TBS) to remove proteins non-

specifically bound to the beads. HDL was then eluted using stripping buffer (0.1 M 
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acetic acid) and immediately neutralised with 1 M Tris, pH 11 (final concentration, 

0.11 M). An Amicon Ultra-15 centrifuge filter unit and an Amicon Ultra-0.5, ultracel-

10 membrane were used for further concentration of the samples. 

 

HDL-associated miRNAs 

HDL-miRNA levels were assessed using real-time PCR TaqMan miRNA assays as 

previously described 29. Total RNA was isolated from HDL using Qiazol miRNAeasy 

kits (Qiagen, Hilden, Germany) and total RNA was quantified by spectrophotometry. 

Total RNA was purified and reversed transcribed using the TaqMan microRNA 

reverse transcription kit (Applied Biosystems) and 7.5 l of the reverse transcription 

product was used for detecting specific miRNAs using TaqMan miRNA assay kits 

(Applied Biosystems). Values were normalised to both Caenorhabditis elegans (Cel) 

miR-39 (which was spiked into the samples after the Qiazol step) and HDL total 

protein concentration determined by BCA assay (Thermo Scientific, USA). Results 

were expressed as 2-(Ct(microRNA)-Ct(Cel-miR-39)). 

 

Statistical Analyses 

Data analysis was performed using SPSS 24 (IBM, Armonk, NY).  Statistical 

significance was set at two-tailed P<0.05.  Data were examined for normality based 

on skewness and kurtosis, and Shapiro-Wilk’s W test before analysis.  Non-normally 

distributed variables were normalised prior to analysis using nature logarithmic (ln) 

transformation.  To evaluate the effect of time on clinical characteristics and HDL-

associated miRNA levels, one-way univariate repeated measures ANOVA was 

performed with time (baseline before surgery, and 6 and 12 months after surgery) as 

the within subject factor.  Participants with missing data were excluded from the 

analysis.  As there are a substantial number of participants with missing clinical 

characteristics at 6 months after surgery, clinical characteristics at baseline were 

compared to those at 6 and 12 months after surgery using individual paired t-test.  

Multiple testing correction was performed by Bonferroni correction for the two time-
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points, in which the threshold of p value for significance was <0.025.  As the miRNA 

levels were highly correlated with each other, multiple testing corrections for the four 

miRNAs was not performed.  Correlations between different HDL-associated 

miRNAs, as well as between changes in individual miRNAs and changes in other 

variables were performed using bivariate Spearman correlation coefficients.  

 

5.4 RESULTS 

Study sample and HDL-associated miRNA levels at baseline before surgery 

A total of 53 patients with severe obesity and comparison group of 18 healthy 

participants were included in this study. The clinical characteristics for both groups 

are summarised in Table 5.1. 29 patients had type 2 diabetes and 26 were statin-

treated which remained unchanged following surgery.  Blood samples were available 

for HDL-associated miRNA measurements at baseline and 12 months after surgery 

for all patients, and at 6 months for 42 patients.  There was no significant difference 

in age, sex, and BMI between those with and without samples at 6 months after 

surgery (P=0.104, 0.305, and 0.949, respectively). As shown in Figure 5.1, HDL-

associated miR-126, miR-222 and miR-223 levels, but not HDL-associated miR-24 

levels, were significantly elevated in patients with severe obesity compared to 

healthy participants.  The elevation of HDL-associated miR-126, miR-222 and miR-

223 levels remained significant after adjusting for age and sex in multivariable linear 

regression analysis (P=0.006, 0.034 and 0.037, respectively). 
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Table 5.1. Baseline characteristics of patients who underwent surgery and healthy participants.  

 RYGB (n=53) Healthy (n=18) 

Age, y 48.9 (8.7) 43.3 (11.9) 

Female, n (%) 40 (75) 14 (78) 

BMI, kg/m2 49.4 (45.8–57.4) 22.0 (20.5–23.6) 

Waist circumference, cm 137.3 (128.5–150.5) 81.0 (71.1–94.0) 

SBP, mmHg 131 (120–146) 127 (115–140) 

DBP, mmHg 75.4 (13.8) 73.0 (12.5) 

Total cholesterol, mmol/L 4.26 (3.79–5.28) 5.26 (4.77–5.87 

Triglycerides, mmol/L 1.46 (1.12–1.93) 0.81 (0.70–1.41) 

HDL-C, mmol/L 1.03 (0.87–1.32) 1.66 (1.40–1.88) 

LDL-C, mmol/L 2.44 (1.96–3.21) 3.29 (2.61–3.60) 

ApoA-I, g/L 1.26 (1.15–1.40) 1.55 (1.39–1.84) 

ApoB, g/L 0.80 (0.68–1.02) 0.85 (0.77–0.95) 

Data presented as mean and standard deviation for parametric and median and interquartile range for 

non-parametric variables. 

Abbreviations: ApoA-I, apolipoprotein A-I; apoB, apolipoprotein B-100; BMI, body mass index; DBP, 

diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C low-density lipoprotein 

cholesterol; SBP, systolic blood pressure. 
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Figure 5.1. Distribution of different HDL-associated miRNA levels in healthy and obese subjects. 

Data shown are geometric mean and 95% confidence interval with log scale on the y-axis. Data were 

compared using independent t-test after log transformation.  

 

Among the patients with severe obesity, all HDL-associated miRNAs showed strong 

positive correlation with each other at baseline (r=0.461–0.878, all P<0.05). Similar 

results were found at 6 and 12 months after surgery, although the correlation of 

HDL-associated miR-222 with miR-126 and miR-223 was attenuated to non-

significance at 12 months after surgery (Table 5.2).  HDL-associated miR-24, miR-

126, and miR-223 levels correlated positively with total cholesterol, HDL-C, LDL-C, 

and apoB levels (r=0.318 to 0.549, all P<0.05) (Table 5.3). Positive correlations were 

also observed with cholesterol efflux capacity (miR-24, miR-126 and miR-223); 

r=0.307 to 0.449; all P<0.05) and PON1 activity (miR-24 and miR-126), r=0.340 and 

0.427 respectively, both P<0.05) (Table 5.3). Both HDL-associated miR-126 and 

miR-223 correlated inversely with ICAM-1 (r=-0.382 and -0.281 respectively, both 
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P<0.05) (Table 5.3). HDL-associated miR-126, miR-222, and miR-223 levels 

inversely correlated with diastolic BP (r= -0.272 to -0.467, all P<0.05) (Table 5.3) and 

HDL-associated miR-223 inversely correlated with resistin (r=-0.275, P=0.048) 

(Table 5.3). 

 

Table 5.2. Cross-sectional bivariate Spearman correlation among different HDL-associated miRNAs 

at baseline, and 6 and 12 months after surgery. 

 miR-24 miR-126 miR-222 miR-223 

Before surgery     

miR-24 -    

miR-126 0.824‡ -   

miR-222 0.610‡ 0.837‡ -  

miR-223 0.762‡ 0.878‡ 0.461* - 

6 months     

miR-24 -    

miR-126 0.875‡ -   

miR-222 0.709† 0.387 -  

miR-223 0.824‡ 0.859‡ 0.700† - 

12 months     

miR-24 -    

miR-126 0.800‡ -   

miR-222 0.646‡ 0.354 -  

miR-223 0.810‡ 0.817‡ 0.363 - 

*P<0.05, †P<0.01 and ‡P<0.001. 
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Table 5.3. Spearman correlation between different HDL-associated miRNAs and clinical characteristics 

at baseline before surgery. 

 miR-24 miR-126 miR-222 miR-223 

Age, y -0.012 -0.127 -0.232 0.005 

Height, m -0.019 -0.258 -0.074 -0.042 

BMI, kg/m2 -0.164 -0.122 -0.038 -0.241 

Waist circumference, cm -0.259 -0.108 0.030 -0.256 

SBP, mmHg -0.115 -0.118 -0.124 -0.099 

DBP, mmHg -0.222 -0.272* -0.467* -0.320* 

Total cholesterol, mmol/L 0.426† 0.549‡ 0.220 0.461‡ 

Triglycerides, mmol/L 0.156 0.071 0.157 0.060 

HDL-C, mmol/L 0.373† 0.459‡ -0.252 0.495‡ 

LDL-C, mmol/L 0.318* 0.462‡ 0.288 0.350* 

ApoA-I, g/L 0.127 0.142 -0.218 0.235 

ApoB, g/L 0.372† 0.498‡ 0.077 0.397† 

Cholesterol efflux capacity, % 0.352* 0.449† 0.202 0.307* 

PON1 activity, nmol/ml/min 0.340* 0.427† -0.069 0.242 

HbA1c, mmol/L -0.021 -0.079 -0.238 -0.085 

Fasting glucose, mmol/L 0.025 0.056 -0.213 0.113 

Fasting insulin, mU/L 0.087 0.142 -0.201 0.070 

HOMA-IR 0.061 0.121 -0.336 0.094 

HOMA-B 0.091 0.072 -0.043 -0.023 

ICAM-1, ng/mL -0.111 -0.382** -0.127 -0.281* 

Adiponectin, mg/L 0.200 0.095 0.034 0.155 

Leptin, ng/mL 0.110 0.055 -0.021 0.002 

Resistin, ng/mL -0.041 -0.090 0.388 -0.275* 

Abbreviations: ApoA-I, apolipoprotein A-I; apoB, apolipoprotein B-100; BMI, body mass index; DBP, 

diastolic blood pressure; HbA1c, glycosylated haemoglobin; HDL-C, high-density lipoprotein 

cholesterol; HOMA-B, homeostatic model assessment for beta cell function; HOMA-IR, homeostatic 

model assessment for insulin resistance; ICAM-1, intercellular adhesion molecule-1; LDL-C low-

density lipoprotein cholesterol; PON1, paraoxonase-1; SBP, systolic blood pressure.  

*P<0.05, †P<0.01 and ‡P<0.001.  
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Change in clinical characteristics after surgery 

Table 5.4 shows the clinical characteristics of patients with severe obesity at 

baseline, 6 months and 12 months after RYGB.  As expected, median BMI 

decreased significantly from 49.4 kg/m2 at baseline, to 37.3 kg/m2 at 6 months and 

35.0 kg/m2 at 12 months after surgery, which is accompanied by similar reductions in 

waist circumference.  There were significant improvements in cardiovascular risk 

profile, which included significant decreases in blood pressure, triglycerides, apoB, 

HbA1c, fasting glucose, fasting insulin, and HOMA-IR, and an increase in HDL-C at 

12 months after surgery.  There was also a significant increase in cholesterol efflux 

capacity, PON1 activity and adiponectin levels, and significant decreases in ICAM-1, 

leptin and resistin levels 12 months after surgery.  Some of the changes in clinical 

characteristics (systolic blood pressure, triglycerides, HbA1c, fasting glucose, fasting 

insulin, HOMA-IR) and biomarker levels (cholesterol efflux capacity, ICAM-1, 

adiponectin, and leptin) levels were statistically significant at 6 months after surgery. 
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Table 5.4. Clinical characteristics before surgery, and 6 and 12 months after surgery.  

 Before Surgery (n=53) 6 months after surgery (n=42) 12 months after surgery (n=53) Overall 

P-value† n estimate n estimate P-value* n estimate P-value* 

BMI, kg/m2‡ 53 49.4 (45.6–57.5) 43 37.3 (33.4–44.0) <0.001 53 35.0 (30.3–38.5) <0.001 <0.001 

Waist circumference, cm 53 142 (17) 35 118 (16) <0.001 53 106 (14) <0.001 <0.001 

SBP, mmHg‡ 53 131 (120–146) 38 126 (109-–137) 0.006 52 119 (110–132) <0.001 <0.001 

DBP, mmHg 53 75.4 (13.8) 38 71.2 (14.8) 0.132 52 69.6 (10.5) 0.002 0.041 

Total cholesterol, mmol/L‡ 53 4.26 (3.79–5.28) 42 4.41 (3.55–5.49) 0.520 53 4.43 (3.73–5.14) 0.943 0.720 

Triglycerides, mmol/L‡ 53 1.46 (1.12–1.93) 41 1.29 (1.01–1.60) 0.025 53 1.08 (0.84–1.41) 0.005 0.014 

HDL-C, mmol/L‡ 53 1.03 (0.87–1.32) 42 1.17 (0.96–1.44) 0.070 53 1.29 (1.04–1.43) <0.001 <0.001 

LDL-C, mmol/L‡ 52 2.44 (1.96–3.21) 41 2.56 (1.82–3.57) 0.817 53 2.43 (1.97–3.20) 0.547 0.468 

ApoA-I, g/L‡ 52 1.26 (1.15–1.40) 43 1.20 (1.10–1.42) 0.093 52 1.23 (1.11–1.38) 0.391 0.243 

ApoB, g/L‡ 53 0.80 (0.68–1.02) 43 0.77 (0.63–0.99) 0.139 53 0.73 (0.61–0.86) <0.001 0.002 

Cholesterol efflux capacity, % 53 12.94 (3.79) 43 14.28 (3.95) 0.025 53 16.03 (4.38) <0.001 <0.001 

PON1 activity, nmol/ml/min 53 67.0 (36.7–172.6) 43 69.7 (43.0–162.8) 0.683 53 83.0 (46.8–162.0) 0.009 0.007 

HbA1c, mmol/L‡ 51 45.4 (41.0–53.0) 44 38.4 (33.5–41.0) <0.001 52 35.0 (32.3–37.5) <0.001 <0.001 

Fasting glucose, mmol/L‡ 52 5.99 (5.13–6.78) 43 5.54 (4.68–6.19) 0.006 53 5.00 (4.66–5.82) 0.002 0.001 

Fasting insulim, mU/L‡ 52 18.44 (13.41–32.58) 42 9.46 (6.54–17.53) <0.001 53 6.91 (4.75–12.29) <0.001 <0.001 

HOMA-IR‡ 52 5.71 (3.35–8.61) 42 2.66 (1.65–4.30) <0.001 53 1.54 (1.06–2.94) <0.001 <0.001 

HOMA-B‡ 51 153 (64–258) 42 107 (72–168) 0.047 53 103 (69–159) 0.032 0.006 

ICAM-1, ng/mL 53 199.0 (154.7–234.2) 42 163.7 (132.9–190.3) 0.009 53 136.8 (124.5–157.1) <0.001 <0.001 

Adiponectin, mg/L 52 3.28 (1.46) 42 4.39 (1.83) <0.001 53 5.97 (2.67) <0.001 <0.001 

Leptin, ng/mL‡ 52 70.3 (48.8–98.4) 42 25.8 (13.9–44.5) <0.001 53 17.0 (8.5–36.0) <0.001 <0.001 

Resistin, ng/mL 52 15.1 (10.8–17.6) 42 12.6 (9.3–16.2) 0.099 53  9.4 (6.3–13.9) <0.001 <0.001 

Data presented as mean and standard deviation for parametric and median and interquartile range for non-parametric variables.  

*Data were compared with those at baseline using paired t-test. 

†P values for change over time from baseline to 12 months after surgery (repeated measures ANOVA). 

‡P values were estimated using ln-transformed data.
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Change in HDL-associated miRNA levels after surgery 

Table 5.5 shows the median and interquartile ranges of different HDL-associated 

miRNAs at baseline, 6 months, and 12 months after surgery; while Figure 5.2 shows 

the corresponding geometric mean and 95% confidence interval of these HDL-

associated miRNAs.  There were significant increases in HDL-associated miR-24, 

miR-222 and miR-223 levels, but not miR-126 level, at 12 months after surgery, in 

which the increase in HDL-associated miR-222 levels remained statistically 

significant at 6 months after correcting for multiple testing of two time-points.  

Although HDL-associated miR-24 showed a significant increase at 6 months, the 

increase was not statistically significant after correcting for multiple testing. For all 

these HDL-associated miRNAs, the change over time did not differ between groups 

divided based on gender, presence of type 2 diabetes, or statin therapy (all P for 

time interaction >0.05). 

Among the HDL-associated miRNA levels that showed significant increase at 12 

months after surgery, increase in HDL-associated miR-24 levels correlated strongly 

and positively with increase in HDL-associated miR-222 and miR-223 levels (r=0.732 

and 0.577 respectively, both P<0.05).  There was, however, no significant correlation 

between the changes in HDL-associated miR-222 and miR-223 levels (Table 5.6). 
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Table 5.5. Comparison of HDL-associated miR-223, miR-24, miR-126, and miR-222 levels at baseline before surgery, and 6 and 12 months after surgery.  

 Before Surgery (n=53) 6 months after surgery (n=42) 12 months after surgery (n=53) Overall 

P-value† n RQV/Protein (x10-5) n RQV/Protein (x10-5) P-value* n RQV/Protein (x10-5) P-value* 

miR-24  53 2.5 (1.0-71.8) 42 11.1 (2.2-106.1) 0.033 53 4.3 (2.0-73.3) 0.004 0.023 

miR-126  53 6.5 (1.3-35.4) 42 8.2 (1.2-33.7) 0.943 53 6.5 (1.9-3.9) 0.062 0.112 

miR-222 26 0.7 (0.4-1.2) 17 0.8 (0.5-1.1) 0.016 26 1.3 (0.9-2.0) 0.003 0.002 

miR-223  53 18.4 (1.9-131.1) 42 50.0 (3.5-232.6) 0.071 53 24.4 (3.6-325.8) 0.002 0.017 

Data are presented as median and interquartile range in the unit of RQV/protein and were ln-transformed before analysis. 

†Data were compared with those at baseline using paired t-test. 

*P-values for change over time from baseline to 12 months after surgery (repeated measures ANOVA). 



 

Figure 5.2. Distribution of different HDL-associated miRNA levels in obese subjects at baseline 

before surgery, and 6 and 12 months after surgery. 

Data shown are geometric mean and 95% confidence interval with log scale on the y-axis.  Data were 

compared using one-way univariate repeated measures ANOVA and participants with missing data at 

any time-points were excluded from the analysis.   
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Table 5.6. Bivariate Spearman correlation among changes in HDL-associated miR-24, miR-222 and 

miR-223 at 12 months after surgery. 

 miR-24 miR-222 miR-223 

6 months    

miR-24 -   

miR-222 0.732‡ -  

miR-223 0.577‡ 0.354 - 

12 months    

miR-24 -   

miR-222 0.744‡ -  

miR-223 0.757‡ 0.342 - 

*P<0.05, †P<0.01 and ‡P<0.001. 

 

Correlation of changes in HDL-associated miRNA levels with changes in 

clinical characteristics  

Although none of the HDL-associated miRNA levels correlated with BMI at baseline, 

changes in HDL-associated miR-24 levels at 12 months after surgery correlated 

positively with changes in BMI (r=0.309, P=0.024, Table 5.7).  In fact, a significantly 

larger reduction in weight is observed in patients with sub-median change in HDL-

associated miR-24 levels at 12 months after surgery (Table 5.8). A larger weight 

reduction was also observed among patients with decreased miR-24 (n=17) 

compared with patients with increased miR-24 (n=36) at 12 months after RYGB (-

17.9 ± 5.7 vs -15.9 ± 5.8 kg/m2, P=0.248) although statistical significance was not 

achieved. Weight reduction did not differ between groups divided using median 

baseline HDL-associated miRNA levels (Table 5.8). 
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Table 5.7. Spearman correlation between absolute changes in HDL-associated miRNAs and absolute 

changes in clinical characteristics at 12 months after surgery. 

 miR-24 miR-222 miR-223 

BMI, kg/m2 0.309* 0.238 0.259 

Waist circumference, cm 0.175 0.146 0.206 

SBP, mmHg 0.285* 0.232 0.089 

DBP, mmHg 0.223 -0.030 0.153 

Total cholesterol, mmol/L 0.034 0.142 -0.126 

Triglycerides, mmol/L 0.331* -0.069 0.112 

HDL-C, mmol/L -0.230 -0.025 -0.117 

LDL-C, mmol/L -0.023 0.244 -0.115 

ApoA-I, g/L 0.003 0.077 0.060 

ApoB, g/L 0.085 -0.111 -0.060 

Cholesterol efflux capacity, % 0.326* 0.453 0.349* 

PON1 activity, nmol/ml/min 0.248 0.333 0.242 

HbA1c, mmol/L 0.230 -0.123 0.187 

Fasting glucose, mmol/L 0.023 -0.215 0.048 

Fasting insulin, mU/L -0.089 0.022 -0.057 

HOMA-IR -0.060 -0.025 -0.044 

HOMA-B -0.179 0.433* -0.185 

ICAM-1, ng/mL -0.147 0.109 -0.265 

Adiponectin, mg/L -0.336* -0.245 -0.246 

Leptin, ng/mL 0.033 0.099 -0.089 

Resistin, ng/mL 0.082 0073 0.029 

Abbreviations: ApoA-I, apolipoprotein A-I; apoB, apolipoprotein B-100; BMI, body mass index; DBP, 

diastolic blood pressure; HbA1c, glycosylated haemoglobin; HDL-C, high-density lipoprotein 

cholesterol; HOMA-B, homeostatic model assessment for beta cell function; HOMA-IR, homeostatic 

model assessment for insulin resistance; ICAM-1, intercellular adhesion molecule-1; LDL-C low-

density lipoprotein cholesterol; PON1, paraoxonase-1; SBP, systolic blood pressure.  

*P<0.05, †P<0.01 and ‡P<0.001. 
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Table 5.8. Reduction in BMI according to HDL-associated miRNAs at baseline before surgery and their 

changes from baseline to 12 months after surgery. 

 Reduction in BMI, kg/m2 P-value 

Before surgery   

miR-24    

<median (n=26)  15.2 (12.4-20.1) 0.803 

≥median (n=27) 15.7 (13.2-19.7)  

miR-222   

<median (n=26)  14.1 (11.6-19.6) 0.300 

≥median (n=27) 18.3 (13.1-20.2)  

miR-223   

<median (n=26)  15.7 (12.8-20.5) 0.669 

≥median (n=27) 15.5 (13.0, 19.5)  

Change at 12 months   

miR-24    

<median (n=26)  18.2 (14.0-20.7) 0.015 

≥median (n=27) 14.0 (10.9-17.9)  

miR-222   

<median (n=26)  16.1 (13.3-19.3) 0.762 

≥median (n=27) 13.4 (11.4-20.8)  

miR-223    

<median (n=26)  15.7 (13.3-20.1) 0.355 

≥median (n=27) 14.5 (11.8-19.0)  

Data presented as median and interquartile range. Data was compared using Mann-Whitney U test.   

 

There were significant positive correlations between changes in HDL-associated 

miR-24 and miR-223 levels with cholesterol efflux capacity (r=0.326, P=0.027 and 

r=0.349, P=0.017 respectively) (Table 5.7). The correlation between HDL-associated 

miR-222 and cholesterol efflux capacity did not achieve statistical significance 

(r=0.453, P=0.052) (Table 5.7). There were also trends for positive correlations 

between HDL-associated miR-24, miR-222 and miR-223 with PON1 activity which 

did not achieve statistical significance (r=0.248, P=0.074; r=0.333, P=0.097 and 

r=0.242, P=0.081 respectively).  Similarly, a trend for negative correlation was 
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observed between changes in ICAM-1 and changes in HDL-associated miR-223 (r=-

0.265, P=0.055) but not the other miRNAs. 

Furthermore, HDL-associated miR-24 levels positively correlated with changes in 

triglyceride levels, and inversely with changes in adiponectin (r=0.331, P=0.015 and 

r=-0.336, P=0.015, Table 4) while changes in HDL-associated miR-222 positively 

correlated with changes in HOMA-B (r=0.433, P=0.035) (Table 5.7). 

 

5.5 DISCUSSION 

This is the first study to assess the changes in HDL-associated miRNAs following 

RYGB in patients with severe obesity. Here we demonstrate an alteration in miRNA 

signature in patients with severe obesity following bariatric surgery in tandem to the 

expected reduction in BMI and improvements in metabolic and glycaemic markers. 

Following RYGB, there were significant increases in HDL-associated miR-24, miR-

222 and miR-223, with positive correlations between miRNAs at baseline maintained 

at 12 months after surgery. The increase in HDL-associated miRNAs appear to 

indicate an overall increase in HDL function following surgery and this is supported 

by the positive correlations and trends observed with improvements in markers of 

HDL functionality such as cholesterol efflux capacity and PON1 activity. Both miR-

222 and miR-223 are modulators of key components within the pathophysiology of 

cardiometabolic disease in obesity, and increases in these HDL-associated miRNAs 

could reflect enhancement of HDL’s cardioprotective functions and explain at least 

some of the metabolic improvements that are observed following RYGB.  

Multiple studies have suggested a role for miR-222 within the pathophysiological 

process underlying obesity and cardiometabolic disease. MiR-222 is closely related 

to glucose metabolism with increased expression of miR-222 in circulation being 

described in obesity,7, 30 and within the adipose tissue of patients with gestational 

diabetes.5 Higher levels of HDL-associated miR-222 have also been previously 

reported in patients with familial hypercholesterolaemia.14 In our study, we have 

found a positive correlation between changes in HDL-miR-222 and HOMA-B, 
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suggesting it may have a role in improving glycaemia after bariatric surgery. The 

higher levels of HDL-miR-222 in obesity and diabetes shown in previous studies may 

reflect a compensatory rise in response to the underlying metabolic derangement 

rather than the cause. This hypothesis is consistent with miR-222 being shown to 

improve hyperglycaemia through proliferation of pancreatic beta cell in a previous 

study using murine models.31 It is, however, important to point out that assessment 

of beta cell function using static measures of insulin and glucose is suboptimal and 

are influenced by factors such as insulin action, alterations in energy balance, and 

markers alterations in glucose and insulin before and after surgery.32 Indeed, a 

reduction in HOMA-B was observed in our cohort despite improvements in all 

markers of glycaemia and therefore require further study with dynamic testing.  Also, 

interestingly, in contrast with our findings, a previous study of patients who 

underwent RYGB found a significant post-surgical reduction of circulating plasma 

miR-222.7 One potential explanation for these discrepant results may be that, 

despite a reduction in overall circulating miR-222, the amount transported by HDL is 

increased due to the enhanced uptake capacity. Further studies will be required to 

further assess this. 

MiR-223 has an important role in the development and regulation of the immune 

system and is established as a potent regulator of inflammatory processes.33 It has 

been previously associated with obesity with increased levels of visceral adipose 

tissue miR-223 being demonstrated.34 Increased adipose tissue inflammation and 

marked systemic insulin resistance have been shown in miR-223 knockout mice on a 

high-fat diet.35 Furthermore, the transfer of miR-223 from HDL has been shown to 

decrease ICAM-1 expression in endothelial cells.15 Indeed, a negative correlation 

between HDL-associated miR-223 and serum ICAM-1 levels at baseline, and a 

negative trend between post-surgical changes were observed following RYGB. This 

provides support for enhanced HDL anti-inflammatory function following surgery, 

conferred in part, through the transfer of miR-223. Furthermore, we have also 

demonstrated a positive correlation between HDL-associated miR-223 and 

cholesterol efflux capacity and a trend with PON1 activity, contributing further to an 

overall picture of enhanced HDL function after RYGB. 
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Although miR-223 has previously been shown to predict the response to a non-

surgical weight loss intervention with an 800-880 kcal/day hypocaloric diet,36 miR-

223 expression did not differ between patients who achieved supra- and sub-median 

reductions in BMI following RYGB. Furthermore, in contrast to our post-RYGB 

observation, a reduction in HDL-associated miR-223 had been demonstrated 

following high-protein diet-induced weight loss in patients with obesity.29 This 

observed difference in impact on circulating miRNA can be explained by the 

difference in magnitude of reduction in weight and therefore adiposity following the 

dietary weight loss study37 and this study. This is supported by both subcutaneous 

and omental adipose tissue being established sites of altered miRNA expression 

including miR-223 following weight loss intervention.38, 39 There is likely also a 

difference in the impact on HDL functionality particularly its transporting capacity 

between dietary and surgical weight loss. Whilst cholesterol efflux capacity is shown 

to be increased post-RYGB in our study, studies on dietary weight loss are limited 

with no significant increase in cholesterol efflux capacity being noted following 

hypocaloric diet in the absence of exercise training.40  

Elevated levels of miR-24 have been reported in abdominal adipose tissue of 

patients with obesity, and are positively correlated with percentage body fat.10 

Somewhat contrastingly, it has also been demonstrated that miR-24 has a role in 

modulating the expression of von Willibrand factor, where its levels are increased in 

type 2 diabetes when miR-24 levels are reduced through application of anti-miR-24, 

implicating a potential role in the risk of thrombotic cardiovascular events.41 In the 

same study, miR-24 was also shown to be downregulated in endothelial cells in 

response to hyperglycaemia. It is therefore possible that the post-surgical increase in 

HDL-associated miR-24 observed in our cohort may result from glycaemic 

improvement as well as enhancement of HDL function, and may contribute to a 

reduction in cardiovascular risk following RYGB. Interestingly, although both HDL-

associated miR-24 and adiponectin levels increased after RYGB, a negative 

correlation was seen between the two. Similarly, despite contrasting post-RYGB 

changes, positive correlations were observed between changes in miR-24 and 

change in BMI, triglyceride levels and systolic blood pressure. In keeping with this, a 

significantly larger reduction in BMI was also observed in patients with decreased or 

smaller increase in miR-24 at 12 months. This may reflect the complex 
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pathophysiological changes following RYGB, with differing relationships between 

miR-24 and changes in weight, adiposity, and glycaemia. 

Despite increases after RYGB, both HDL-associated miR-222 and miR-223 were 

higher at baseline compared to healthy participants, with similar observations also 

noted with HDL-associated miR-126. Although the lower miRNA expression in 

healthy participants may seem unexpected given the post-surgical upregulation, 

there are two potential explanations for this observation. Firstly, the higher miR-126,7 

miR-222,30 and miR-22334 expressions in obesity is in keeping with previous studies 

and we postulate that this is likely triggered by underlying metabolic derangement 

which would be in line with the effect of miR-222 on glycaemia31 and miR-223 on 

ICAM-115 shown in previous studies. The increase in HDL-associated miRNA after 

surgery is in keeping with the improvement in HDL function which may represent a 

dynamic process that driving metabolic improvements. It would be a great interest to 

see if this upregulation of HDL-associated miRNA then reverts to the levels observed 

in healthy participants once the process of metabolic correction is completed. 

Secondly, statin therapy had been shown to upregulate both miR-222 and miR-223 

expression,42 and a significant proportion of statin-use within our cohort with severe 

obesity is therefore likely to have contributed to the difference in miRNA expression. 

Limitations to our study include the observational design and the small sample size 

particularly within the control group. As only patients who underwent RYGB were 

included in our study, these findings may therefore not be extended to other weight 

loss procedures. Further studies with a larger study population including other 

metabolic surgical procedures would allow for comparison of surgical procedures 

and confirm the findings in our study. 

In conclusion, severe obesity is associated with altered HDL-associated miRNAs 

which is significantly changed following RYGB. The increase in expression of HDL-

associated miRNAs following surgery may reflect an improvement in HDL function 

and may explain some of the cardiometabolic benefits observe following RYGB in 

severe obesity. 
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6.1 ABSTRACT 

Background and aims: Polycystic ovarian syndrome (PCOS) is associated with 

increased risk of cardiovascular disease (CVD). The aim of this study was to assess 

the association between PCOS and markers of HDL functionality and atherogenic 

lipoprotein modification. 

Methods: This is a cross-sectional study of 104 women with PCOS (median age 29) 

and 103 BMI-matched healthy participants (median age 34). PCOS was defined 

using the NIH criteria. Measurement of lipid profile and glycaemic blood parameters 

were undertaken. Cholesterol efflux capacity, paraoxonase-1 (PON1) activity, and 

serum amyloid A (SAA) were measured as markers of HDL functionality. Oxidised 

LDL (OxLDL), lipoprotein-associated phospholipase A2 (LpPLA2), oxidised 

phoshopholipids on apolipoprotein B-100 (OxPL-apoB) and apolipoprotein(a) (OxPL-

apo(a)), IgG and IgM antibodies to malondialdehyde-modified LDL (MDA-LDL) and 

apoB immune complexes (apoB-IC), and glycated apoB were used as markers of 

atherogenic modification of LDL. Anti-apoA-I IgG autoantibodies and positivity were 

also assessed. 

Results: Patients with PCOS in the upper tertile of insulin resistance had impaired 

HDL functionality, with lower cholesterol efflux capacity and PON1 activity, and 

higher SAA, as well as increased markers of atherogenic modification of LDL, with 

higher levels of OxLDL, LpPLA2, small-dense LDL (sdLDL), and glycated apoB. Both 

BMI and insulin resistance are similarly associated with an adverse lipoprotein 

profile. OxPL-apoB, OxPL-apo(a), lipoprotein(a), and the IgG and IgM biomarkers 

did not differ between PCOS and controls. Anti-apoA-I antibody positivity did not 

appear to impact on markers of HDL function in this cohort. 

Conclusions: Insulin resistance is a key determinant of decreased HDL functionality 

and increased oxidative modification and glycation of LDL in PCOS, which is likely to 

contribute to the increased CVD risk. 
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6.2 INTRODUCTION 

Polycystic ovarian syndrome (PCOS) is a common endocrine disorder in women of 

reproductive age, characterised by menstrual dysfunction and hyperandrogenisim.1, 2 

It affects around 6-10% of women of reproductive age,3 and the prevalence can 

increase to 20% depending on the diagnostic criteria used.4 PCOS is recognised to 

confer an increased risk of cardiovascular disease (CVD), with increased prevalence 

of traditional risk factors such as obesity, impaired glucose tolerance, dyslipidaemia, 

and hypertension.5, 6 Insulin resistance features prominently in PCOS, independent 

of obesity,7 culminating in a long-term increased risk of incident metabolic syndrome 

and diabetes.8 Overall, there is established evidence for the cardiometabolic burden 

associated with PCOS from early reproductive life. 

The characteristic lipid profile associated with insulin resistance is commonly seen in 

PCOS, with elevated triglyceride and low high-density lipoprotein (HDL) cholesterol.9 

Furthermore, independent of lipid levels, there is also a shift towards small-dense 

low-density lipoprotein (sdLDL),10 which is of increased atherogenicity and a marker 

for assessment of atherosclerotic CVD.11 sdLDL circulates longer compared to the 

large low-density lipoprotein (LDL) and therefore more exposed to atherogenic 

modification.12 sdLDL is also more prone to oxidative modification owing to its lipid 

composition13 and low antioxidant content.14 Oxidative modification of LDL leads to 

generation of proinflammatory and proatherogenic oxidation-specific epitopes such 

as oxidised phospholipids (OxPL), and malondialdehyde epitopes on LDL.15 OxPL 

are key contributors to atherosclerosis and circulate bound preferentially to 

lipoprotein(a) [Lp(a)],16 an independent and causal risk factor for CVD.17 OxPL 

measured on apolipoprotein B-100 (apoB) containing lipoproteins (OxPL-apoB) is an 

established independent predictor of atherosclerotic CVD, and is thought to reflect 

Lp(a)-mediated effects in CVD.15 In addition to oxidative modification, sdLDL is also 

more susceptible to glycation of apoB, further increasing its atherogenicity.18  

Insulin resistance has been linked with oxidative modification and glycation of HDL,19 

along with marked alterations in the HDL lipidome, which in turn may impact on HDL 

functionality.20 HDL has several cardioprotective functions, including anti-oxidation, 

anti-inflammation, anti-thrombosis, modulation of glycaemia, and reverse cholesterol 

transport. Consequently, impairment of HDL function has been linked with an 
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increased risk of CVD.21, 22 A reduction in cholesterol efflux capacity was previously 

demonstrated in association with body mass index (BMI) and presence of metabolic 

syndrome in patients with PCOS.23 The impact of PCOS on other functions of HDL, 

however, is not well established. Further to the impairment in HDL’s atheroprotective 

function, modification of HDL may also result in formation of immunogenic epitopes 

and induce production of proatherogenic antibodies.24 More recently, autoantibodies 

against apoA-I (anti-apoA-I IgG) have emerged as an independent predictor 

cardiovascular outcome.25, 26 Whether these antibodies in turn results in modification 

of apoA-I thus impacting on HDL function is yet to be established. 

In this study, we sought to assess the relationship between insulin resistance in 

PCOS and markers of HDL functionality and LDL oxidation and glycation. We also 

assessed the impact of anti-apoA-I IgG antibody positivity on HDL function in this 

cohort. 

 

6.3 MATERIALS AND METHODS 

Study design and participants 

In this cross-sectional study, women with PCOS and control participants matched for 

body mass index (BMI) were recruited from the Endocrinology outpatient clinics at 

Adelaide and Meath Hospital (Tallaght, Dublin, Ireland).  

PCOS was defined in accordance with the National Institute of Health (NIH) criteria 

as chronic oligomenorrhoea (less than nine menstrual cycles per year), and clinical 

and/or biochemical evidence of hyperandrogenism, following exclusion of other 

disorders causing the same phenotype.1 Clinical hyperandrogenism included 

hirsutism (Ferriman-Gallway score more than 9), acne, or male pattern alopecia. 

Biochemical hyperandrogenism included elevated total testosterone, 

androstenedione or dehydroepiandrosterone sulphate (DHEAS) above the laboratory 

reference range. All patients had thyroid-stimulating hormone, free thyroxine, 

prolactin, luteinising hormone, follicle-stimulating hormone, oestradiol, and 17-

hydroxyprogesterone measured to exclude other endocrine disorders. Patients with 
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clinical features of cortisol excess also underwent a 1mg overnight dexamethasone 

suppression test.   

Control participants were recruited from the general population and comprised 

eumenorrhoeic healthy volunteers on no regular medications and with normal 

testosterone levels. This was done through advertisement in the study hospital, local 

schools and community centres. Study assessments were undertaken in the 

follicular phase of menstrual cycle. 

Exclusion criteria included age < 18 or > 40 years, pregnancy, lactation, BMI < 19 

kg/m2 or > 50 kg/m2, recent acute illness, chronic illnesses likely to influence results 

including diabetes mellitus, medications likely to influence results including hormonal 

contraception, antihypertensives, lipid-lowering medications, metformin, antiplatelet 

agents, anti-inflammatory agents, or non-prescription medications. 

Ethical approval was obtained from the Research Ethics Committee of the Adelaide 

and Meath Hospital and St James’ Hospital (Dublin, Ireland). Study assessments 

were undertaken in accordance with the 1964 Helsinki declaration. Written informed 

consent was obtained from all patients prior to participation in this study. 

 

Laboratory analyses 

All participants attended the Diabetes Day Centre at the Adelaide and Meath 

Hospital (Tallaght, Dublin, Ireland) on the study day following an overnight fast of at 

least 12 hours, with avoidance of excessive exercise and alcohol for at least 24 

hours. Venous blood samples were obtained. Aliquots of serum and EDTA-plasma 

separated by centrifugation were stored frozen at -80°C until biochemical analyses 

could be performed at the end of study. 

Androstenedione was measured using a radioimmune assay (Siemens, Munich, 

Germany). Sex hormone-binding globulin (SHBG) and DHEAS were measured using 

chemiluminescence immunoassays (Siemens, Munich, Germany). Insulin was 

measured using an electrochemiluminescence immunoassay, and glucose 

measured using an enzymatic hexokinase method on a Roche P Module Analyser 
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(Cobas Roche Diagnostics, West Sussex, UK). Glucose and insulin measurements 

were then used to calculate homeostatic model assessment of insulin resistance 

(HOMA-IR) and beta cell function (HOMA-B).27 Total cholesterol, triglyceride, and 

HDL-C were measured using enzymatic colorimetric assays (Cobas Roche 

Diagnostics, West Sussex, UK). LDL cholesterol (LDL-C) was estimated using the 

Friedewald formula. sdLDL was assayed on a Randox Daytona+ analyser (Randox 

Laboratories, Crumlin, UK). Lp(a) measured using a validated chemiluminescent 

ELISA with monoclonal antibody LPA4 as previously described.28, 29 

 

Biomarkers of HDL functionality 

Cholesterol efflux capacity of HDL was determined using a previously validated 

method.30, 31 The intra- and inter-assay coefficients of variation were 3.9% and 7.3% 

respectively. Briefly, J774A.1 cells were incubated with 0.2 µCi of radiolabelled 3H-

cholesterol in RPMI 1640 medium with 0.2% BSA at 37 °C in a 5% carbon dioxide 

humidified atmosphere. ABCA1 is upregulated using 0.3 mM C-AMP (8-(4-

chlorophenylthio) adenosine 3’,5’-cyclic monophosphate sodium salt) for 4 hours and 

the cells incubated with 2.8% apoB-depleted serum using polyethylene glycol (PEG 

MW8000) for 4 hours. The cell media were then collected and cells dissolved in 0.5 

ml 0.2 N NaOH to determine radioactivity. Cholesterol efflux was expressed as the 

percentage of radioactivity in the medium from the radioactivity in the cells and 

medium collectively: 

Cholesterol efflux (%) = 
Radioactivity in medium 

x 100 
Radioactivity in cell + radioactivity in medium 

Serum paraoxonase (PON1) activity was measured using paraoxon (O,O-diethyl O-

(4-nitrophenyl) phosphate) as a substrate (Sigma-Aldrich, St Louis, USA).32 The rate 

of p-nitrophenol generation was determined at 405nm on a Randox Daytona+ 

analyser (Randox Laboratories, Crumlin, UK). Serum amyloid A (SAA) was assayed 

using ELISA kits from ThermoFisher Scientific (Loughborough, UK) and 

myeloperoxidase (MPO) using an in-house sandwich ELISA using anti-human MPO 

capture and detection antibodies from R&D Systems Ltd (Abingdon, UK). 
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Anti-apoA-I IgG antibody titre and positivity 

Anti-apoA-I IgG autoantibodies were measured using methods as previously 

described.25, 26 Briefly, Maxisorb plates (Nunc, Glostrup, Denmark) were coated with 

purified human-derived delipidated apoA-I and then blocked with 2% bovine serum 

albumin (BSA) in a phosphate buffer solution (PBS) at 37°C. Samples dilated to 1:50 

in PBS/BSA 2% solution were added to both coated and non-coated wells to allow 

assessment of individual non-specific binding. Following this, 50l of alkaline 

phosphatase-conjugated anti-human IgG signal antibody (Sigma-Aldrich, St. Louis, 

MO, USA) diluted to 1:1000 in PBS/BSA 2% solution was added to each well and 

incubated for 1 hour before 50l of phosphatase substrate p-nitrophenyl phosphate 

disodium (Sigma-Aldrich, St Louis, MO, USA) dissolved in diethanolamine buffer (pH 

9.8) was then added. Samples were tested in duplicates and optical density (OD) 

was determined at 405 nm (Molecular DevicesTM Versa Max, Sunny Vale, CA, USA). 

The corresponding non-specific binding was subtracted from mean absorbance.  

The cut off for anti-apoA-1 IgG positivity was determined as previously described.25, 

26 The upper reference range was derived from the 97.5th percentile of the reference 

population of 140 healthy blood donors and this corresponded with an OD cut off of 

0.64. An index consisting the ratio between OD of the sample and OD of the positive 

control, expressed as a percentage, is further calculated to to minimise the impact of 

inter-assay variation. The index value of 37% corresponded with the 97.5th 

percentile of the normal distribution. Samples with an absorbance value greater than 

0.64 OD and an index value greater than 37% were considered positive for elevated 

anti-apoA-I IgG levels. 

 

Markers of LDL modification 

Oxidised LDL levels in plasma was measured using Mercodia ELISA kits (Diagenics 

Ltd, Milton Keynes, UK), and LpPLA2 using USCN Lifescience ELISA kits (Hölzel 

Diagnostika Handels GmbH, Köln, Germany). Glycated apoB was measured using 
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Glycacor ELISA kits (Exocell, Philadelphia, USA) which uses mouse monoclonal 

antibody ES12 which detects a specific epitope on glycated apoB.  

OxPL-apoB and OxPL-apo(a) levels were measured by means of a 

chemiluminescent immunoassay using murine monoclonal antibody E06.15, 33, 34 E06 

recognises the phosphocholine (PC) group on oxidised but not native phospholipids 

and similarly recognises the PC covalently bound to bovine serum albumin (BSA) in 

PC-BSA. A 1:50 dilution of plasma in 1% BSA in TBS was added to microtitre wells 

coated with the apoB specific monoclonal antibody MB47. A saturating amount of 

apoB was added to each well and therefore equal numbers of apoB particles are 

captured in each well. Biotinylated E06 was then added to determine the content of 

OxPL-apoB, which reflects the absolute content of OxPL per constant amount of 

captured apoB lipoprotein, independent of plasma levels of apoB or LDL-C. OxPL-

apo(a) levels were measured in a similar manner to Ox-PL-apoB, apart from the use 

of LPA4 capture antibody to detect apo(a).35 The microtitre wells were coated with 

LPA4 antibody, and plasma added to saturate the plate with apo(a). Biotinylated 

E06, which does not react with LPA4, is then added to content of OxPL-apo(a). 

IgG and IgM MDA-LDL and apoB-IC levels were determined as previously 

described.36, 37 For IgG and IgM MDA-LDL, a 1:200 dilution of plasma was added to 

microtitre wells coated with MDA-LDL (5μg/ml) and alkaline phosphatase-labeled 

goat anti-human IgG and IgM (Sigma-Aldrich, St Louis, USA) was then added to 

detect binding to MDA-LDL. For IgG and IgM apoB-IC, murine monoclonal antibody 

MB47 was plated to bind a saturating amount of human apoB. A 1:50 dilution of 

plasma was added and alkaline phosphatase-labeled goat anti-human IgG and IgM 

(Sigma-Aldrich, St Louis, USA) used to detect IgG or IgM autoantibodies bound to 

the captured apoB (apoB-IC) as above. 

 

Statistical analyses 

Statistical analyses were performed using SPSS for Mac (Version 23.0, IBM SPSS 

Statistics, Armonk, New York, USA) and figures were produced using GraphPad 

Prism for Mac (Version 8.00, GraphPad Software, La Jolla California, USA). Results 
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are presented as mean and standard deviation for parametric or as median and 

interquartile range for non-parametric variables. Comparison of variables between 

PCOS and controls was undertaken using the independent samples t-test for 

parametric and the Mann-Whitney U test for non-parametric variables. Normality of 

data distribution was assessed using the Shapiro-Wilk test and visualisation of 

histograms. Patients with PCOS were sub-divided into three groups based on tertiles 

of insulin resistance estimated using the HOMA-IR equation. Correlations between 

variables were assessed using bivariate Spearman’s analyses. P-values < 0.05 were 

considered to be statistically significant.   
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6.4 RESULTS 

Patient characteristics and lipid profile 

The clinical characteristics and biochemical profile of the 104 patients with PCOS 

and 103 BMI-matched control participants are summarised in Table 6.1. 

Androstenedione and DHEAS levels were significantly higher among patients with 

PCOS, as expected. Overall, compared to controls, the cohort with PCOS also had a 

lower HDL-C, higher triglycerides and an unfavourable glycaemic profile with higher 

fasting insulin levels and insulin resistance estimated by HOMA-IR (Table 6.1). 

There were no significant differences in total cholesterol, LDL-C, apoB or apoA-I. 

In patients with PCOS in the upper HOMA-IR tertile, there were significant 

differences in all variables apart from total cholesterol when compared to the lower 

HOMA-IR tertile (Table 2).  Patients with PCOS whose HOMA-IR was in the upper 

tertile displayed significantly higher triglycerides, apoB and sdLDL with a lower HDL-

C compared to the control cohort. Conversely, the lipid profile within the lower 

HOMA-IR tertile was more favourable compared to the control cohort, with lower 

triglycerides, LDL-C, and sdLDL, along with higher HDL-C and ApoA-I (Table 6.2).  
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Table 6.1. Characteristics of patients with polycystic ovarian syndrome and controls. 

 PCOS 

(n=104) 

Controls 

(n=103) 
P-value 

Clinical characteristics    

Age, y 29 (24–36) 34 (27–37) <0.001** 

BMI, kg/m2 32.9 (25.7–38.5) 31.1 (27.6–35.5) 0.473 

Lipid profile    

Total cholesterol, mmol/L 4.4 (0.8) 4.6 (0.8) 0.166 

Triglyceride, mmol/L 1.1 (0.8–1.5) 0.9 (0.7–1.3) 0.047* 

HDL-C, mmol/L 1.34 (1.16–1.65) 1.49 (1.26–2.09) 0.010* 

LDL-C, mmol/L 2.5 (0.4) 2.6 (0.8) 0.258 

ApoB, g/L 0.71 (0.17) 0.71 (0.16) 0.895 

ApoA-I, g/L 1.52 (1.35–1.84) 1.46 (1.22–1.77) 0.203 

Markers of glycaemia    

Fasting glucose, mmol/L 4.7 (4.5–5.0) 4.6 (4.4–4.9) 0.141 

Fasting insulin, pmol/L 13.6 (8.0–19.3) 9.5 (5.7–14.8) 0.001** 

HOMA-IR 2.83 (1.61–4.48) 2.02 (1.13–3.10) 0.001** 

HOMA-B 198.6 (140.9–335.6) 165.4 (113.9–259.2) 0.003** 

Androgen profile    

Androstenedione, nmol/L 16.6 (13.0–21.0) 9.3 (8.0–12.6) <0.001** 

DHEAS, µmol/L 6.1 (4.4–8.2) 4.6 (3.4–6.2) <0.001** 

SHBG, mmol/L 28.5 (22.8–47.0) 41.0 (29.0–60.4) <0.001** 

Data presented as mean and standard deviation for parametric and mean and interquartile range for 
non-parametric variables. 

Comparison of variables with controls was preformed using independent samples t-test for parametric 
and Mann-Whitney U test for non-parametric variables. *P<0.05, ** P<0.01  

Abbreviations: BMI, body mass index; DHEAS, dehydroepiandrosterone sulphate; HDL-C, high-

density lipoprotein cholesterol; HOMA-B, homeostatic model assessment for beta cell function; 

HOMA-IR, homeostatic model assessment for insulin resistance; LDL-C, low-density lipoprotein 

cholesterol; SHBG, sex hormone binding globulin. 
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Table 6.2. Lipid profile in HOMA-IR tertiles in patients with PCOS and controls. 

 

Controls 

(n=103) 

PCOS 

(n=104) 

HOMA-IR 

Lower tertile Middle tertile Upper tertile 

Total cholesterol, mmol/L 4.4 (0.8) 4.4 (0.6) 4.3 (0.8) 4.6 (1.0) 

Triglyceride, mmol/L 1.1 (0.8–1.5) 0.8 (0.6–0.9)* 1.1 (0.8–1.4) 1.5 (1.1–1.9)**, †† 

HDL-C, mmol/L 1.34 (1.16–1.65) 1.75 (1.53–2.04)** 1.29 (1.14–1.53) 1.16 (0.95–1.27)**, †† 

LDL-C, mmol/L 2.5 (0.4) 2.3 (0.5)* 2.4 (0.8) 2.7 (0.8)† 

ApoB, g/L 0.71 (0.17) 0.65 (0.15) 0.69 (0.16) 0.76 (0.19)*, †† 

ApoA-I, g/L 1.52 (1.35–1.84) 1.73 (1.53–2.08)** 1.47 (1.34–1.65) 1.40 (1.21–1.55)† 

sdLDL, mg/dL 20.9 (14.6–29.0) 15.3 (11.3–20.1)** 17.0 (11.7–25.4) 24.8 (16.8–35.0)*, †† 

Glycated apoB, mg/dL 3.48 (3.20–3.96) 3.51 (3.27–3.70) 3.83 (3.44–4.10)* 4.02 (3.63–4.33)**, †† 

Data presented as mean and standard deviation for parametric and mean and interquartile range for non-parametric variables. Comparison of variables 

between groups was preformed using independent samples t-test for parametric and Mann-Whitney U test for non-parametric variables. 

*P<0.05, ** P<0.01 compared to control 
†P<0.05, ††P<0.01 compared to lower tertile  

Abbreviations: ApoA-I, apolipoprotein A-I; apoB, apolipoprotein B-100; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment 

for insulin resistance; LDL-C, low-density lipoprotein cholesterol; sdLDL, small dense LDL. 
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Markers of HDL functionality 

Although cholesterol efflux capacity did not differ significantly between the overall 

PCOS and control cohorts [14.1 (13.2–15.5) vs 14.5 (13.0–16.0) %, P=0.647], it was 

significantly lower in the upper HOMA-IR tertile compared to the lower HOMA-IR 

tertile [13.7 (12.4–14.6) vs 14.9 (13.6–17.0) %, P=0.003] with a trend for lower 

cholesterol efflux capacity with increasing insulin resistance (Figure 6.1). Cholesterol 

efflux capacity was also lower in the upper HOMA-IR tertile when compared to the 

control cohort although this did not achieve statistical significance [13.7 (12.4–14.6) 

vs 14.5 (13.0–16.0) %, P=0.063].  

PON1 activity was significantly lower in the overall PCOS cohort compared to the 

control cohort [102.1 (51.7–150.9) vs 131.6 (89.5–195.1) nmol/ml/min, P=0.002], as 

well as within the upper HOMA-IR tertile compared to the lower HOMA-IR tertile 

[77.2 (48.2–129.2) vs 112.9 (54.0–175.4) nmol/ml/min, P=0.043] (Figure 1). Higher 

SAA levels were observed in the upper HOMA-IR tertile compared to the control 

cohort [41.1 (24.7–65.0) vs 22.5 (11.8–48.9) µg/mL, P=0.022], with a trend also 

observed when compared to the lower HOMA-IR tertile which did not achieve 

statistical significance [41.1 (24.7–65.0) vs 29.8 (15.1–44.4) µg/mL, P=0.069]. MPO 

levels were not significantly different across tertiles of insulin resistance among 

patients with PCOS and the control cohort. 
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A.      B. 

   

C.      D. 

  

Figure 6.1. Markers of HDL function in PCOS and controls. 

A) Cholesterol efflux capacity, B) PON1 activity, C) Serum amyloid A, and D) MPO mass according to 

tertiles of HOMA-IR in patients with PCOS compared to controls. Data presented as mean and 

standard deviation for parametric and mean and interquartile range for non-parametric variables. 

Abbreviations: MPO, myeloperoxidase; PON1, paraoxonase-1; SAA, serum amyloid A. 
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Markers of LDL modification 

Glycated apoB was higher in the overall PCOS cohort compared to controls [3.72 

(3.34–4.07) vs 3.48 (3.20–3.96) mg/dL, P=0.020]. Glycated apoB also showed an 

increasing trend going up the HOMA-IR tertiles [3.51 (3.27–3.70) vs 3.83 (3.44–4.10) 

vs 4.02 (3.63–4.33) mg/dL] (Table 6.2).    

Both OxLDL and LpPLA2 were not significantly different in the overall PCOS and 

control cohorts [77.4 (48.0–103.2) vs 74.8 (47.6–89.5) ng/mL, P=0.318; and 1.52 

(1.39–1.67) vs 1.53 (1.37–1.70) µg/mL, P=0.924 respectively]. Both variables, 

however, were significantly higher in the upper HOMA-IR tertile compared to both 

the lower HOMA-IR tertile [91.6 (58.8–120.9) vs 67.2 (20.1–86.3) ng/mL, P=0.016; 

and 1.66 (1.48–1.84) vs 1.48 (1.39–1.60) µg/mL, P=0.004 respectively] and control 

cohort [91.6 (58.8–120.9) vs 74.8 (47.6–89.5) ng/mL, P=0.013; and 1.66 (1.48–1.84) 

vs 1.53 (1.37–1.70) µg/mL, P=0.015 respectively] (Figure 6.2). 

There were, no significant differences in IgG and IgM MDA-LDL, and IgG and IgM 

apoB-IC across HOMA-IR tertiles and controls (Figure 6.2). Likewise, similar levels 

of both OxPL-apoB and OxPL-apo(a) were observed across the HOMA-IR tertiles 

and in the control cohort.  

OxPL-apoB and OxPL-apo(a) were both strongly and positively correlated with Lp(a) 

(Spearman’s ρ=0.838, P<0.001 and Spearman’s ρ=0.875, P<0.001 respectively) 

(Table 6.3). OxPL-apoB, OxPL-apo(a), and Lp(a) did not differ between PCOS and 

controls. There were positive correlations between all the autoantibodies and 

immune complexes to MDA-LDL (Spearman’s ρ=0.203–0.654, all P<0.050) (Table 

6.3). No significant correlations, however, were observed between these indirect 

markers of LDL oxidation and OxLDL. 
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A.      B. 

  
 C.      D. 

  
 E.      F. 

  

Figure 6.2. Markers of lipoprotein oxidation in PCOS and controls. 

Levels of A) OxLDL, B) LpPLA2, C) IgG MDA-LDL, D) IgM MDA-LDL, E) IgG apoB-IC, and F) IgM 

apoB-IC according to tertiles of HOMA-IR in patients with PCOS compared to controls. Data 

presented as mean and standard deviation for parametric and mean and interquartile range for non-

parametric variables. 

Abbreviations: IC, immune complex; LDL, low-density lipoprotein; LpPLA2, lipoprotein-associated 

phospholipase A2; MDA-LDL, malondialdehyde-modified LDL; OxLDL, oxidised LDL
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Table 6.3. Bivariate Spearman correlation between lipoprotein(a), oxidised phospholipids, and autoantibodies and immune complexes to oxidised LDL in 
patients with PCOS. 

 Lp(a) OxPL-apoB OxPL-apo(a) IgG MDA-LDL IgM MDA-LDL IgG apoB-IC IgM apoB-IC OxLDL 

Lp(a), mg/dL -        

OxPL-apoB, nM 0.838** -       

OxPL-apo(a), nM 0.875** 0.885** -      

IgG MDA-LDL, RLU 0.041 0.153 0.089 -     

IgM MDA-LDL, RLU 0.016 0.032 -0.041 0.203* -    

IgG IC, RLU -0.085 -0.008 -0.059 0.493** 0.208* -   

IgM IC, RLU 0.121 0.119 0.115 0.214* 0.654** 0.225* -  

OxLDL, ng/mL 0.109 0.092 0.081 0.019 0.078 -0.023 0.079 - 

Abbreviations: Apo(a), apolipoprotein(a); IC, immune complex; Lp(a), lipoprotein(a); MDA-LDL, malondialdehyde-modified LDL; OxLDL, oxidised LDL; OxPL-
apoB, oxidised phospholipids on apolipoprotein B-100. 

*P<0.05, **P<0.01 



Anti-apoA-I IgG autoantibodies 

Both the prevalence of anti-apoA-I IgG positivity and the titre of anti-apoA-I IgG 

autoantibodies (expressed in OD) did not differ between the overall PCOS and 

control cohorts [33 (31.7%) vs 27 (26.2%), P=0.301; and 0.50 (0.39–0.73 vs 0.51 

(0.34–0.66), P=0.365]. 

MPO levels were higher among patients with anti-apoA-I IgG positivity within the 

PCOS cohort [82.2 (69.3–106.4) vs 73.3 (62.3–85.6) ng/mL, P=0.017) but there 

were no significant differences in the other HDL functionality markers. IgG MDA-LDL 

and IgG apoB-IC were also both higher in the anti-apoA-I IgG positive cohort [3721 

(2782–5431) vs 2898 (2169–3456) RLU, P=0.001; and 4398 (3397–6121) vs 3425 

(2886–4043) RLU, P=0.002 respectively]. The other markers of LDL oxidation, 

including IgM MDA-LDL and apoB-IC, did not differ between the two groups, and 

although LpPLA2 appeared marginally higher in the antibody positive group, it did 

not achieve statistical significance (Table 6.4). 

Markers of glycaemia were comparable between both groups. 
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Table 6.4. Comparing markers of HDL functionality, lipoprotein oxidation, and glycaemia in PCOS 

and apoA-I IgG positivity. 

 Anti-apoA-I IgG 

positive 

(n=33) 

Anti-apoA-I IgG 

negative 

(n=71) 

P-value 

Markers of HDL functionality    

ApoA-I, g/l 1.53 (1.22–1.84) 1.51 (1.36–1.84) 0.850 

Cholesterol efflux capacity, % 14.8 (13.5–15.9) 13.9 (13.0–15.4) 0.112 

PON1 activity, nmol/ml/min 92.8 (54.1–161.8) 109.1 (50.9–146.3) 0.746 

SAA, µg/mL 29.3 (15.9–51.0) 32.4 (13.5–49.0) 0.881 

MPO, ng/mL 82.2 (69.3–106.4) 73.3 (62.3–85.6) 0.017* 

Markers of lipoprotein oxidation    

OxLDL, ng/mL 77.5 (59.5–100.1) 76.1 (30.6–105.8) 0.545 

LpPLA2, µg/mL 1.58 (0.28) 1.51 (0.24) 0.273 

OxPL-apoB, nM 1.14 (0.66–2.98) 1.28 (0.75–4.15) 0.389 

IgG MDA-LDL, RLU 3721 (2782–5431) 2898 (2169–3456) 0.001** 

IgM MDA-LDL, RLU 7230 (5671–12824) 7106 (5527–9594) 0.337 

IgG apoB-IC, RLU 4398 (3397–6121) 3425 (2886–4043) 0.002** 

IgM apoB-IC, RLU 5003 (2818–5899) 3898 (3045–4840) 0.228 

Markers of glycaemia    

Fasting glucose, mmol/L 4.6 (4.4–5.2) 4.7 (4.5–5.0) 0.533 

Fasting insulin, pmol/L 14.6 (8.3–17.8) 12.7 (7.4–20.5) 0.918 

HOMA-IR 2.97 (1.71–3.95) 2.47 (1.44–4.60) 0.831 

HOMA-B 184.4 (152.7–337.8) 208.8 (137.8–326.7) 0.991 

Data presented as mean and standard deviation for parametric and mean and interquartile range for 

non-parametric variables. Comparison of variables between groups was preformed using independent 

samples t-test for parametric and Mann-Whitney U test for non-parametric variables.  

*P<0.05, ** P<0.01  

Abbreviations: ApoA-I, apolipoprotein A-I; HOMA-B, homeostatic model assessment for beta cell 

function; HOMA-IR, homeostatic model assessment for insulin resistance; IC, immune complex, 

LpPLA2, lipoprotein associated phospholipase A2; MDA-LDL, malondialdehyde-modified LDL; MPO, 

myeloperoxidase; OxLDL, oxidised LDL; OxPL-apoB, oxidised phospholipids on apolipoprotein B-100; 

PON1, paraoxonase-1; SAA, serum amyloid A. 
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Correlation with BMI and insulin resistance  

There were positive correlations between BMI and HOMA-IR in both patients with 

and without PCOS, with a stronger correlation coefficient observed in patients with 

PCOS (Spearman’s ρ=0.709, P<0.001 and Spearman’s ρ=0.550, P<0.001 

respectively). 

In patients with PCOS, both BMI and HOMA-IR correlated directly with triglycerides 

(Spearman’s ρ=0.438, P<0.001 and Spearman’s ρ=0.532, P<0.001 respectively), 

and inversely with HDL-C (Spearman’s ρ=-0.593, P<0.001 and Spearman’s ρ=-

0.675, P<0.001 respectively) and ApoA-I (Spearman’s ρ=-0.450, P<0.001 and 

Spearman’s ρ=-0.471, P<0.001 respectively) (Table 6.5).  

Likewise, BMI and HOMA-IR also correlated positively with sdLDL (Spearman’s 

ρ=0.278, P<0.001 and Spearman’s ρ=0.377, P<0.001 respectively) and glycated 

apoB (Spearman’s ρ=0.279, P<0.001 and Spearman’s ρ=0.359, P<0.001 

respectively) (Table 6.5). sdLDL and glycated apoB were also positively correlated 

with each other (Spearman’s ρ=0.556, P<0.001). 

Cholesterol efflux capacity correlated negatively with both BMI (Spearman’s ρ=-

0.244, P=0.014) and insulin resistance (Spearman’s ρ=-0.299, P=0.003) but similar 

associations with PON1 activity did not achieve statistical significance (Spearman’s 

ρ=-0.185, P=0.064 and Spearman’s ρ=-0.195, P=0.051 respectively) (Table 6.5). A 

positive correlation was observed between SAA and BMI (Spearman’s ρ=0.332, 

P=0.001), but did not achieve statistical significance with insulin resistance 

(Spearman’s ρ=0.175, P=0.080).  
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Table 6.5. Bivariate Spearman correlation between BMI, markers of glycaemia, lipid profile, and 

markers of HDL function in patients with PCOS. 

 
BMI HOMA-IR 

Fasting 

glucose 

Fasting 

insulin 

Lipid profile     

Total cholesterol, mmol/L 0.092 0.057 0.039 0.069 

Triglyceride, mmol/L 0.438** 0.532** 0.415** 0.502** 

HDL-C, mmol/L -0.593** -0.675** -0.341** -0.671** 

LDL-C, mmol/L 0.191 0.178 0.020 0.205* 

Lipoprotein(a), mg/dL -0.048 -0.065 -0.266* -0.032 

ApoB, g/L 0.135 0.204* 0.110 0.205* 

ApoA-I, g/L -0.450** -0.471** -0.128 -0.474** 

sdLDL, mg/dL 0.278** 0.377** 0.224* 0.365** 

Glycated apoB, mg/dL 0.279** 0.359** 0.104 0.382** 

Markers of HDL functionality     

Cholesterol efflux capacity, % -0.244* -0.299* -0.118 -0.313** 

PON1 activity, nmol/ml/min -0.185 -0.195 -0.177 -0.168 

SAA, µg/mL 0.332** 0.175 0.099 0.168 

MPO, ng/mL 0.172 0.022 0.123 0.027 

Markers of lipoprotein oxidation    

OxLDL, ng/mL 0.244* 0.254* 0.112 0.254* 

LpPLA2, µg/mL 0.325** 0.291** 0.017 0.306** 

OxPL-apoB, nM -0.059 -0.091 -0.239* -0.063 

OxPL-apo(a), nM -0.107 -0.132 -0.297** -0.102 

IgG MDA-LDL, RLU 0.065 0.012 -0.122 0.021 

IgM MDA-LDL, RLU -0.033 -0.058 0.028 -0.082 

IgG apoB-IC, RLU -0.110 -0.118 -0.112 -0.103 

IgM apoB-IC, RLU -0.070 -0.135 -0.017 -0.146 

Abbreviations: Apo(a), apolipoprotein(a); apoA-I, apolipoprotein A-I; HOMA-B, homeostatic model 

assessment for beta cell function; HOMA-IR, homeostatic model assessment for insulin resistance; 

IC, immune complex, LpPLA2, lipoprotein associated phospholipase A2; MDA-LDL, malondialdehyde-

modified LDL; MPO, myeloperoxidase; OxLDL, oxidised LDL; OxPL-apoB, oxidised phospholipids on 

apolipoprotein B-100; PON1, paraoxonase-1; SAA, serum amyloid A; sdLDL, small dense LDL. 
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Both OxLDL and LpPLA2 correlated positively with BMI (Spearman’s ρ=0.244, 

P=0.013 and Spearman’s ρ=0.325, P=0.001 respectively) and insulin resistance 

(Spearman’s ρ=0.254, P=0.011 and Spearman’s ρ=0.291, P=0.003 respectively) but 

similar associations were not observed with the other markers of lipoprotein 

oxidation. 

Overall, BMI and insulin resistance are both associated with an adverse lipoprotein 

profile (higher triglyceride, sdLDL, glycated apoB, OxLDL, LpPLA2, SAA and lower 

HDL-C, apoA-I, and cholesterol efflux capacity), which is also associated more with 

fasting insulin than fasting glucose levels (Table 6.5).   
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6.5 DISCUSSION 

This study is the first study to simultaneously assess markers of HDL function, 

markers of oxidative modification and glycation of LDL in a cohort of patients with 

PCOS (based on NIH criteria) and BMI-matched controls. In addition to decreased 

cholesterol efflux capacity, we found impairment of HDL’s anti-oxidant and anti-

inflammatory function among patients with increased insulin resistance.  

In our study, although the difference in cholesterol efflux capacity was not different 

between the overall PCOS and control cohort, the sub-group who are most insulin 

resistant showed significantly lower cholesterol efflux capacity. Cholesterol efflux 

capacity was not decreased in patients diagnosed with PCOS based on the NIH 

criteria. Our findings substantiate a previous study where decreased cholesterol 

efflux capacity was shown within a PCOS cohort of higher BMI and prevalence of 

metabolic syndrome.23 As we have also observed a negative association between 

body weight and cholesterol efflux capacity, the differences in BMI is likely to also 

have contributed to the differences in cholesterol efflux capacity. PON1 activity was 

lower in PCOS independent of BMI, and along with higher levels of SAA with 

increasing insulin resistance, implicates diminished anti-oxidative and anti-

inflammatory function. SAA impairs both the cholesterol efflux capacity as well as the 

anti-inflammatory properties of HDL.38 Its production is primarily hepatic and this is 

increased markedly in inflammation.39 The overall picture is therefore one of general 

impairment in HDL function as insulin resistance increases. Indeed, patients with 

HOMA-IR in the lower tertile did not show evidence of impairment in HDL function 

despite the presence of PCOS, highlighting the central role of insulin resistance.  

In conjunction with impairment of HDL functionality, we have also demonstrated an 

increase in markers of atherogenic modification of LDL, again predominantly within 

the cohort which is most insulin resistant. A tendency towards the highly atherogenic 

sdLDL in PCOS has been previously established.10 Here, we have shown this to be 

predominantly among patients with increased insulin resistance, and when 

compared to a healthy population matched for BMI, the PCOS patients with low level 

insulin resistance do not demonstrate this shift in LDL particle size. The shift towards 

sdLDL reflects the metabolic state of insulin resistance where the associated 

increase in triglycerides results in a shift towards triglyceride-rich lipoproteins which 
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remains longer within the circulation, and through lipolysis results in generation of 

the smaller and denser particles.40 sdLDL is highly susceptible to atherogenic 

modification, both oxidation and glycation, compared to the larger buoyant LDL 

subfractions.12-14, 18 This susceptibility relates to the longer duration within circulation 

compared to the larger LDL particles which are removed more readily via LDL 

receptors, and added to this, sdLDL have also been shown to have reduced anti-

oxidant content14 and significant depletion of free cholesterol, cholesteryl esters, and 

phospholipids that results in susceptibility to oxidative modification.13 Oxidative 

modification of LDL triggers a cascade of immune and inflammatory responses, with 

generation of pro-atherogenic and pro-inflammatory oxidation-specific epitopes. 

Consistent with high levels of OxLDL, we also found higher levels of LpPLA2 

predominantly within the upper tertile of insulin resistance. LpPLA2 is an emerging 

biomarker of CVD which circulates bound to LDL and, to a lesser proportion, to HDL 

particles. Its activity is closely related to oxidative modification of LDL and 

atherosclerotic plaque development.41 LpPLA2 is upregulated in rupture-prone 

atheromas and hydrolyses OxPL on LDL leading to production of pro-atherogenic 

lysophosphatidylcholine and oxidised non-esterified fatty acids. The increased 

LpPLA2 would also substantiate the impairment of HDL function with insulin 

resistance. Approximately 20% of LpPLA2 is bound to HDL, which reverses its effect 

from pro-atherogenic effect to anti-atherogenic,42, 43 and improvement in glycaemic 

profile in type 2 diabetes was shown to reduce total LpPLA2 and redistribute LpPLA2 

to a higher fraction on HDL.41 Furthermore, reduction in PON1 activity and increase 

in LpPLA2 could also impair HDL’s anti-inflammatory function, potentiating 

inflammation and insulin resistance.19  

Interestingly, despite higher levels of both OxLDL and LpPLA2 with increasing insulin 

resistance, similar observation was not made with OxPL-apoB and OxPL-apo(a). 

Importantly, Lp(a) levels are uniform across the spectrum of insulin resistance and 

among the control group. Baseline serum Lp(a) levels predominantly genetically 

predetermined and are inversely related to the number of kringle IV type 2 repeat 

sequences and therefore the molecular mass of the apo(a) component.44 Given that 

OxPL is bound preferentially to Lp(a) and measurements of OxPL-apoB and OxPL-

apo(a) both reflects predominantly OxPL carried on Lp(a), it is therefore expected 

that their levels would be highly dependent on Lp(a). This is supported by the strong 
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positive correlations between OxPL-apoB, OxPL-apo(a), and Lp(a) both among 

patients with and without PCOS. Although Lp(a) levels have been associated with 

insulin resistance in some studies45, 46 and we have not observed this within our 

cohort. We did, however, observe a negative correlation with fasting glucose. It is 

possible that despite increased in generation of OxPL, OxPL measured on apoB and 

apo(a) are not increased due to the lower Lp(a) concentration among certain insulin-

resistant patients with higher fasting glucose. We, however, do acknowledge 

potential limitations relating to the OxLDL assay, which is based on murine 

monoclonal antibody 4E6, where competition for binding with unoxidised LDL can 

occur at higher concentrations, with both oxidised and unoxidised LDL potentially 

being detected.47 Nevertheless, both LDL-C and apoB levels within our cohort where 

not markedly elevated and LDL-C levels did not differ between the upper tertile of 

insulin resistance and controls and the concerns surrounding cross-reactivity of the 

assay should therefore be less of a concern here. 

In addition to oxidative modification, we have also demonstrated a presence of apoB 

glycation in PCOS independent of BMI, and this increases with increasing insulin 

resistance. We have demonstrated previously that sdLDL are also more susceptible 

to glycation compared to large buoyant LDL.18 Glycation of LDL can compound the 

process of atherogenic modification by increasing susceptibility to oxidative 

modification,48 and presence of sdLDL has been proposed as a major determinant of 

apoB glycation,49 adding to the body of evidence for a pro-athergenic lipoprotein 

profile in PCOS and insulin resistance.   

We also explored the prevalence of anti-apoA-I IgG positivity among our cohort. 

However, despite the decreased functionality suggesting potential underlying 

modification of HDL which may then trigger formation of immunogenic epitopes, we 

have not observed an increase in prevalence of anti-apoA-I IgG positivity or increase 

in autoantibody titre across severity of insulin resistance or compared to controls. 

Anti-apoA-I IgG levels and positivity was also not associated with cholesterol efflux 

capacity or anti-oxidant function of HDL. Interestingly, among the overall cohort with 

PCOS, higher levels of MPO and IgG MDA-LDL and apoB-IC were observed with 

anti-apoA-I positivity, suggesting a link between anti-apoA-I IgG with inflammation 

and oxidation. IgG MDA-LDL and apoB-IC levels correlate with CVD risk and tend to 
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reflect antigen exposure following oxidative modification of LDL.50 Conversely, IgM 

MDA-LDL and apoB-IC, which was similar across anti-apoA-I IgG status in our 

cohort, often reflect natural antibodies present from birth and may potentially have 

protective and atherosclerosis-modulating effects.37 Importantly, both IgG and IgM 

MDA-LDL and apoB-IC alter significantly by age and ethnicity, which may also 

explain the lack of detectable differences when comparing between high and low 

insulin resistance groups and controls, which is in contrast with OxLDL and LpPLA2.  

We acknowledge certain limitations in our study. Firstly, the observational design of 

our study restricts us from drawing strong conclusions on the cause and effect of 

PCOS and insulin resistance on the markers of HDL functionality and lipoprotein 

modification. Although matched for BMI, our cohort with PCOS is younger, and this 

may have an impact on the variables compared, especially the indirect biomarkers of 

LDL oxidation. As discussed above, there are limitations relating to the assay used 

for measuring OxLDL and this should be given consideration when interpreting the 

findings. Lastly, whilst there is evidence for a less-favourable lipoprotein profile, 

whether this is translates into adverse cardiovascular outcomes required further 

study with large scale longitudinal studies. 

In summary, PCOS is associated with chronic low-grade systemic inflammation with 

a wide phenotypic spectrum.51 Insulin resistance is closely linked with central 

adiposity and inflammation and this inflammatory environment is likely the underlying 

driver for the increased CVD risk of PCOS. Overall, our study indicates that insulin 

resistance is key to identifying the subgroup of patients with PCOS who are most 

susceptible to pro-atherogenic modification of lipoproteins. The impairment HDL 

function is potentially both a contributor to and a consequence of the underlying pro-

atherogenic process. These findings highlight insulin resistance as an important 

target in CVD risk modification.  
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7.1 ABSTRACT  

Background and aims: Previous studies have found reductions in lipoprotein(a) 

[Lp(a)] and oxidised phospholipids (OxPL) on apolipoprotein B-100 (OxPL-apoB) 

with extended release niacin (ERN) and increases with statin therapy. Our study 

sought to determine the effect of ERN with laropiprant (ERN/LRP) on Lp(a), OxPL-

apoB, and biomarkers of LDL oxidation when added to high-intensity statin therapy 

in patients with low-density lipoprotein cholesterol above treatment target of 1.8 

mmol/L.   

Methods: Lipid and metabolic blood parameters, OxLDL, OxPL-apoB, IgG and IgM 

autoantibodies to MDA-LDL, IgG and IgM apoB immune complexes were measured 

in 27 patients, in a previously completed randomised, double-blind, placebo-

controlled crossover trial with ERN/LRP and placebo. Lp(a) was measured using the 

Mercodia ELISA assay and an in-house ELISA assay at the research laboratory of 

University of California San Diego (UCSD).  

Results: Lp(a)-Mercodia was lower following ERN/LRP compared to placebo [11.6 

(2.9–43.1) vs 16.7 (5.9–55.0) mg/dl, P<0.001], but did not achieve statistical 

significance on the UCSD assay [3.5 (1.9–21.9) vs 5.0 (1.9–27.0) mg/dl, P=0.280]. 

OxPL-apoB did not differ significantly between the two treatment groups [6.1 (4.0–

7.3) vs 5.2 (4.1–9.3) nM, P=0.596]. OxLDL was lower following ERN/LRP [16.7 (9.3– 

20.6) vs 18.4 (11.9–22.6) ng/ml, P=0.010] and was strongly correlated with LDL-C 

(Spearman’s =0.746, P<0.001), and apoB (Spearman’s =0.737, P<0.001). There 

were no significant differences in IgG and IgM autoantibodies to MDA-LDL and IgG 

and IgM apoB immune complexes. 

Conclusion: ERN/LRP results in lower Lp(a) levels but not OxPL-apoB when added 

to high-intensity statin therapy. The difference in Lp(a) measurements between 

assays highlights the need for standardisation of methods.  
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7.2 INTRODUCTION 

Oxidative stress and inflammation are well established as key processes in 

atherosclerotic cardiovascular disease.1, 2 Oxidative modification of low-density 

lipoprotein (LDL) results in generation of oxidation specific epitopes such as oxidised 

phospholipids (OxPL) and malondialdehyde epitopes.3 OxPLs are highly prevalent in 

atherosclerotic lesions and are potent mediators of inflammation and plaque 

destabilisation.4 

Lipoprotein(a) [Lp(a)], an independent and causal risk factor for cardiovascular 

disease,5-7 is complex lipoprotein composed of apolipoprotein(a) [apo(a)] covalently 

linked via a disulphide bond to a single molecule of apolipoprotein B-100 (apoB).8 

Lp(a) is the preferential lipoprotein carrier for OxPL and is the main contributor of 

OxPL measured on apolipoprotein B-100 containing lipoproteins (OxPL-apoB), which 

in turn reflects the Lp(a)-mediated effects in cardiovascular disease. High levels of 

OxPL-apoB are associated with coronary,9, 10 carotid,11, 12 and peripheral11, 13 

atherosclerotic cardiovascular disease, progression of calcific aortic stenosis,14-16 

and cardiac-related mortality.17, 18 Measurements of Lp(a) are generally reported in 

mass as mg/dl or apo(a) particle concentration in nmol/L. Huge variations in the 

molecular weight and carbohydrate content of the apo(a) component, and similarly 

the cholesterol and phospholipid content of the apoB component have contributed to 

the lack of standardisation of different methods for measuring Lp(a) levels. 

Compared with the database for predicting cardiovascular disease risk, the body of 

evidence for the impact of therapeutic interventions on OxPL-apoB is less 

established. It has, however, been noted that OxPL-apoB levels can increase 

following statin therapy and low-fat diet, and up to 89% reduction can be expected 

following antisense oligonucleotide therapy, with similar effects also observed in 

Lp(a). Niacin has a broad range of lipid-modifying effects19 which include an 

approximate 20% reduction in OxPL-apoB and Lp(a).20 Extended-release niacin 

(ERN) have been used in combination with laropiprant (LRP) to reduce prostaglandin 

D2 receptor mediated flushing. We previously conducted a randomised double-blind, 

placebo-controlled crossover trial, and observed reductions in LDL-associated 

mediators of vascular inflammation including oxidised LDL (OxLDL), lipoprotein 

phospholipase A2 (LpPLA2), and lysophosphatidyl choline (lyso-PC), and 
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macrophage chemoattractant protein-1 (MCP1) following ERN/LRP.21 Here, we 

extended the assessment of the anti-inflammatory and anti-oxidative effects of 

ERN/LRP to OxPL-apoB and biomarkers of LDL oxidation. We also compared the 

Lp(a) measurements using 2 different assays in this cohort.      

   

7.3 METHODS 

Study design and participants 

This is a completed randomised, double-blind, placebo-controlled crossover trial with 

trial medication ERN/LRP and image-matched placebo supplied by Merch, Sharp & 

Dohme Ltd as previously described.21 Participants aged 20-75 years with 

dyslipidaemia on maximal tolerated statin and/or ezetimibe but not achieving low-

density lipoprotein cholesterol (LDL-C) target of less than 1.8 mmol/L (70 mg/L) were 

recruited into the study. Exclusion criteria included pregnancy, breast feeding, active 

peptic ulcer disease, renal impairment (eGFR ≤ 59), alanine aminotransferase >1.5 

times upper limit of normal, current use of niacin, fibrates or Omacor, and 

established allergic reaction to niacin.  

All patients underwent a 4-week placebo run-in period, followed by a 12-week first 

treatment period where patients were randomised to either ERN/LRP (1g/20mg 

ERN/LRP for 4 weeks following by an increase to 2g/40mg ERN/LRP for 8 weeks) or 

placebo. This was then followed by a 4-week placebo washout period and a second 

treatment period where patients initially randomised to ERN/LRP now received 

placebo and vice versa. Ezetimibe was discontinued on the first visit while statin 

dose was unchanged through the study period. Twenty-seven out of the 36 recruited 

patients completed the study and the patients acted as their own controls.  

 

The primary endpoint of the trial was the increase in high-density lipoprotein 

cholesterol (HDL-C) in statin-treated dyslipidaemic patients following treatment with 

ERN/LRP compared with placebo. In this study, we undertook a post-hoc analyses 
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on the effect of ERN/LRP on Lp(a), oxidised phospholipids and IgG and IgM 

autoantibodies and immune complexes to OxLDL. 

 

Separation of serum and plasma 

Fasting blood samples were obtained from baseline, and at the end of the first and 

second treatment period were used for analysis. Serum and EDTA-plasma were 

isolated within 2 hours of collection by centrifugation at 2000 x g for 15 minutes at 

4°C. 

 

Laboratory analyses 

Total cholesterol and triglycerides were measured using cholesterol oxidase phenol 

4-aminoantipyrine peroxidase and glycerol phosphate oxidase phenol 4-

aminoantipyrine peroxidase methods respectively. HDL-C was assayed using a 

second-generation homogenous direct method (Roche Diagnostics, Burgess Hill, 

UK), and apolipoprotein A-I (apoA-I) and apolipoprotein B-100 (apoB) using 

immunoturbidimetric assays. All tests were performed on a Cobas Mira analyser 

(Horiba ABX Diagnostics, Nottingham, UK). The laboratory participated in the 

Randox International Quality Assessment Scheme (Randox Laboratories, Dublin, 

Ireland). LDL-C was estimated using the Friedewald formula.22  
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Measurement of lipoprotein(a)  

Lp(a) determined using a commercial assay from Mercodia (Mercodia, Upsala, 

Sweden) and an in-house immunoassay at the University of California San Diego.  

The Mercodia Lp(a) assay is a two-site enzyme sandwich ELISA using two 

monoclonal antibodies directed against separate antigenic determinants on the 

apolipoprotein(a) [apo(a)] molecule. The concentration of Lp(a) is measured in U/L 

and converted to mg/dl using a conversion factor of 1 U/L = 0.1254 mg/dl. 

Measurements were then repeated using an in-house chemiluminescent ELISA 

method at the research laboratory University of California San Diego.23, 24 Briefly, 5 

µg/ml of murine monoclonal antibody MB47 is plated on micro-titre well plates, 

capturing all apoB-containing lipoprotein particles in plasma diluted to 1:400 to yield 

a non-saturating amount of Lp(a). Apo(a) particles linked to apoB were then detected 

using biotinylated murine monoclonal antibody LPA4. Free apo(a) are not detected 

by this assay.  

 

OxPL-apoB, MDA-LDL autoantibody titres and apolipoprotein B-100 immune 

complexes  

Measurement of OxPL-apoB was undertaken using chemiluminescent immunoassay 

as previously described.3 This is performed using murine monoclonal antibody E06 

which binds specifically to phosphocholine (PC) on oxidised and not native 

phospholipids. Plasma diluted to 1:50 in 1% BSA in TBS was added to microtitre 

wells coated with monoclonal antibody MB47 specific to apoB. A saturating amount 

of apoB was added, giving equal numbers of apoB particles captured in each well. 

OxPL-apoB content was then determined using biotinylated E06 and values reported 

as nanomolar (nM) PC-OxPL using a standard curve of nM PC equivalents.13  

 

IgG and IgM autoantibodies to malondialdehyde-modified LDL (MDA-LDL), and IgG 

and IgM apoB immune complexes (apoB-IC) were determined using 

chemiluminescent ELISAs as previously described.25, 26 Briefly, for IgG and IgM 
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MDA-LDL, 1:200 dilution of plasma was added to micro-titre wells coated with 5 

µg/ml MDA-LDL. Alkaline phosphatase-labelled goat anti-human IgG and IgM were 

used to determine binding to MDA-LDL. For IgG and IgM apoB-IC, 1:50 dilution of 

plasma was added to microtiter wells coated with murine monoclonal antibody MB47 

and saturating amount of apoB. Similarly, alkaline phosphatase-labelled goat anti-

human IgG and IgM were used to detect binding as above.  

OxLDL was determined using sandwich ELISA immunoassay kits from Mercodia 

(Mercodia, Upsala, Sweden). 

 

Statistical analyses 

Continuous data were presented as mean and standard deviation for parametric 

variables and median and interquartile range non-parametric variables. Normality of 

data distribution was determined using Shapiro-Wilk test and visualising of 

histograms. Presence of significant carryover effects were determined prior to 

assessment of treatment effect. Comparison of variables and treatment effects 

between ERN/LRP and placebo were performed using independent samples t-test 

for parametric distribution and Mann-Whitney U test for non-parametric distribution. 

Correlations between variables were assessed using Spearman’s analyses. A P-

value of less than 0.05 was considered to be statistically significant. Data analyses 

were undertaken using SPSS for Mac (Version 23.0, IBM Statistics, Armonk, New 

York, USA) and figures produced using GraphPad Prism for Mac (Version 8.00, 

GraphPad Softrware, La Jolla California, USA).  
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7.4 RESULTS 

Baseline characteristics 

Twenty-seven patients completed the study and their baseline characteristics 

are shown in Table 7.1. Within the study population, fifteen patients were on 

rosuvastatin 40mg, eleven on atorvastatin 80mg, and one on simvastatin 

40mg daily. 

Table 7.1. Baseline characteristics of patients. 

Clinical characteristics  

Age, y 57 (10) 

Female, n (%) 9 (33) 

Smoker, n (%) 3 (10) 

Type 2 diabetes, n (%) 3 (10) 

Hypertension, n (%) 13 (48) 

BMI, kg/m2 48 (44–52) 

SBP, mmHg 135 (14) 

DBP, mmHg 76 (10) 

Lipid profile  

Total cholesterol, mmol/L 6.1 (5.1–6.5) 

Triglyceride, mmol/L 1.6 (1.1–2.4) 

HDL-C, mmol/L 1.39 (1.19–1.71) 

LDL-C, mmol/L 3.4 (2.9–4.3) 

ApoB, g/L 1.27 (1.04–1.47) 

ApoA-I, g/L 1.39 (1.29–1.51) 

Markers of glycaemia  

HbA1c, mmol/mol 40 (38–44) 

Fasting glucose, mmol/L 5.3 (4.8–6.9) 

Fasting insulin, mmol/L 12.5 (7.3–20.0) 

HOMA-IR 2.8 (1.6–5.0) 

HOMA-B 130.2 (89.9–209.1) 

Data presented as mean and standard deviation for parametric and median and interquartile 

range for non-parametric variables.  

Abbreviations: ApoA-I, apolipoprotein A-I, apoB, apolipoprotein B-100, BMI, body mass index; 

DBP, diastolic blood pressure; HbA1c, glycosylated haemoglobin; HDL-C, high density 

lipoprotein cholesterol; HOMA-B, homeostatic model assessment for beta cell function; 

HOMA-IR, homeostatic model assessment for insulin resistance; LDL-C, low density 

lipoprotein cholesterol; SBP, systolic blood pressure.
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Lipoprotein(a)  

The Lp(a) measurements obtained using the Mercodia Lp(a) assay [Lp(a)-

Mercodia] was higher compared to the UCSD assay [Lp(a)-UCSD) (Figure 7.1 

and Table 7.2). Treatment with ERN/LRP was associated with a lower Lp(a) 

compared to placebo when measured on the Mercodia assay [11.6 (2.9–43.1) 

vs 16.7 (5.9–55.0) mg/dl, P<0.001], but did not achieve statistical significance 

on the UCSD assay [3.5 (1.9–21.9) vs 5.0 (1.9–27.0) mg/dl, P=0.280].  Lp(a)-

Mercodia and Lp(a)-UCSD were strongly correlated (Spearman’s =0.915, 

P<0.001) (Table 7.3). 

 

 

Figure 7.1. Comparison of lipoprotein(a) following treatment with ERN/LRP and placebo. 

Lipoprotein(a) measurements undertaken using assay from Mercodia and in-house assay at 

UCSD. Median and interquartile range are shown.  
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Table 7.2. Lipoprotein(a) and markers of lipoprotein-associated oxidative stress following 

treatment with ERN/LRP and placebo. 

 ERN/LRP (n=27) Placebo (n=27) P-value 

Lp(a)-Mercodia, mg/dL 11.6 (2.9–43.1) 16.7 (5.9–55.0) <0.001** 

Lp(a)-UCSD, mg/dL 3.5 (1.9–21.9) 5.0 (1.9–27.0) 0.280 

OxPL-apoB, nM 6.1 (4.0–7.3) 5.2 (4.1–9.3) 0.596 

OxLDL, ng/mL 16.7 (9.3–20.6) 18.4 (11.9–22.6) 0.010* 

IgG MDA-LDL, RLU 14233 (9738–20737) 12484 (10115–18296) 0.259 

IgM MDA-LDL, RLU 17895 (12483–29099) 16733 (10341–23842) 0.185 

IgG apoB-IC, RLU 48083 (41018–71044) 45636 (41870–58111) 0.202 

IgM apoB-IC, RLU 16070 (11500–22476) 15275 (9828–22156) 0.350 

Data presented as mean and standard deviation for parametric and median and interquartile 

range for non-parametric variables. P-values for the significance of differences between 

ERN/LRP and placebo are shown. **P<0.01, *P<0.05 

Abbreviations: ApoB, apolipoprotein B-100; IC, immune complex; LDL, low density 

lipoprotein; Lp(a), lipoprotein(a); MDA-LDL, malondialdehyde-modified LDL; OxLDL, oxidised 

LDL; OxPL-apoB, oxidised phospholipids on apolipoprotein B-100; RLU, reactive light units. 
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Table 7.3. Bivariate Spearman correlation between lipoprotein(a), OxPL-apoB, and markers of lipoprotein-associated oxidative stress following ERN/LRP. 

 Lp(a)-

Mercodia 

Lp(a)-UCSD OxPL-apoB IgG MDA-

LDL 

IgM MDA-

LDL 

IgG apoB-IC IgM apoB-

IC 

OxLDL  

Lp(a)-Mercodia, mg/dL -        

Lp(a)-USCD, mg/dL 0.915** -       

OxPL-apoB, nM 0.529** 0.562** -      

IgG MDA-LDL, RLU 0.074 0.033 0.388* -     

IgM MDA-LDL, RLU 0.153 0.183 0.376 0.297 -    

IgG apoB-IC, RLU -0.081 -0.076 0.351** 0.636** 0.125 -   

IgM apoB-IC, RLU 0.160 0.221 0.433* 0.317 0.754** 0.230 -  

OxLDL, ng/mL 0.105 -0.029 -0.016 -0.060 -0.236 -0.089 -0.379 - 

Abbreviations: ApoB, apolipoprotein B-100; IC, immune complex; Lp(a), lipoprotein(a); MDA-LDL, malondialdehyde-modified LDL; OxPL-apoB, oxidised 

phospholipids on apolipoprotein B-100; RLU, reactive light units. 

*P<0.05, **P<0.01 
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OxPL-apoB, and markers of lipoprotein-associated oxidative stress 

OxPL-apoB did not differ significantly between the two treatment groups [6.1 

(4.0–7.3) vs 5.2 (4.1–9.3) nM, P=0.596], while OxLDL was significantly lower 

following ERN/LRP compared to placebo [16.7 (9.3– 20.6) vs 18.4 (11.9–

22.6) ng/mL, P=0.010]. There were no significant differences in IgG MDA-LDL 

[14233 (9738–20737) vs 12484 (10115–18296) RLU, P=0.259], IgM MDA-

LDL [17895 (12483–29099) vs 16733 (10341–23842) RLU, P=0.185], IgG 

apoB-IC [48083 (41018–71044) vs 45636 (41870–58111) RLU, P=0.202] and 

IgM apoB-IC [16070 (11500–22476) vs 15275 (9828–22156) RLU, P=0.350] 

(Table 7.2). 

 

Correlation between lipoprotein(a), OxPL-apoB, OxLDL, autoantibodies 

to MDA-LDL, and apolipoprotein B-100 immune complexes following 

ERN/LRP 

OxPL-apoB correlated positively with both Lp(a)-Mercodia (Spearman’s 

=0.529, P=0.005) and Lp(a)-UCSD (Spearman’s =0.562, P=0.002) (Table 

7.3). OxPL-apoB also correlated positively with IgG MDA-LDL (Spearman’s 

=0.388, P=0.045), IgG apoB-IC (Spearman’s =0.351, P=0.009), and IgM 

apoB-IC (Spearman’s =0.433, P=0.024). The correlation between OxPL-

apoB and IgM MDA-LDL did not achieve statistical significance (Spearman’s 

=0.376, P=0.053). There was no significant correlation between OxPL-apoB 

and OxLDL (Spearman’s =-0.016, P=0.937). IgG MDA-LDL correlated 

positively with IgG apoB-IC (Spearman’s =0.636, P<0.001) and likewise, 

there was also a positive correlation between IgM MDA-LDL and IgM apoB-IC 

(Spearman’s =0.754, P<0.001).  
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Lipid profile and markers of glycaemia 

Total cholesterol [5.1 (4.1–6.6) vs 5.7 (4.7–6.6) mmol/L, P=0.005], triglyceride 

[1.1 (0.8–1.7) vs 1.5 (1.1–2.2) mmol/L, P=0.010], LDL-C [2.7 (2.1–4.2) vs 3.3 

(2.6–4.4) mmol/L, P=0.010], and apoB [0.99 (0.83–1.21) vs 1.28 (0.99–1.58) 

g/L, P<0.001] were significantly lower following treatment with ERN/LRP 

compared to placebo (Table 7.4). While there was a significant increase HDL-

C [1.55 (1.22–1.73) vs 1.31 (1.12–1.59) mmol/L, P<0.001] with ERN/LRP, 

apoA-I [1.34 (1.22–1.51) vs 1.33 (1.21–1.48) g/L, P=0.750] did not differ from 

placebo. There was no significant difference in PCSK9 [75.7 (23.4–125.6) vs 

61.0 (3.3–101.5) mmol/L, P=0.580] between the two treatment groups. 

 

Correlation between lipoprotein(a), OxPL-apoB, and lipid profile after 

ERN/LRP 

There was a negative correlation between Lp(a)-UCSD and triglyceride 

(Spearman’s =-0.386, P=0.047) which did not achieve statistical significance 

with Lp(a)-Mercodia (Spearman’s =-0.262, P=0.187) (Table 7.5). PCSK9 

correlated positively with OxPL-apoB (Spearman’s =0.401, P=0.038) but not 

with either Lp(a)-Mercodia or Lp(a)-UCSD. Positive correlations were 

observed between OxLDL and total cholesterol (Spearman’s =0.732, 

P<0.001), LDL-C (Spearman’s =0.746, P<0.001), and apoB (Spearman’s 

=0.737, P<0.001). 
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Table 7.4. Lipid profile and markers of glycaemia following treatment with ERN/LRP and 

placebo. 

 ERN/LRP (n=27) Placebo (n=27) P-value 

Lipid profile    

Total cholesterol, mmol/L 5.1 (4.1–6.6) 5.7 (4.7–6.6) 0.005** 

Triglyceride, mmol/L 1.1 (0.8–1.7) 1.5 (1.1–2.2) 0.012* 

HDL-C, mmol/L 1.55 (1.22–1.73) 1.31 (1.12–1.59) <0.001** 

LDL-C, mmol/L 2.7 (2.1–4.2) 3.3 (2.6–4.4) 0.010* 

ApoB, g/L 0.99 (0.83–1.21) 1.28 (0.99–1.58) <0.001** 

ApoA-I, g/L 1.34 (1.22–1.51) 1.33 (1.21–1.48) 0.750 

PCSK9, ng/mL 75.7 (23.4–125.6) 61.0 (3.3–101.5) 0.580 

Markers of glycaemia    

HbA1c, mmol/mol 40 (38–44) 40 (37–42) 0.034* 

Fasting glucose, mmol/L 5.4 (4.8–6.2) 5.1 (4.8–5.8) 0.610 

Fasting insulin, mmol/L 12.7 (8.2–19.8) 10.2 (6.7–21.5) 0.164 

HOMA-IR 2.9 (2.2–4.9) 2.8 (1.5–5.1) 0.593 

HOMA-B 140.0 (95.0–206.0) 117.3 (89.3–218.3) 0.467 

Data presented as mean and standard deviation for parametric and median and interquartile 

range for non-parametric variables. P-values for the significance of differences between 

ERN/LRP and placebo are shown. **P<0.01, *P<0.05 

Abbreviations: ApoA-I, apolipoprotein A-I; apoB, apolipoprotein B-100; HbA1c, glycosylated 

haemoglobin; HDL-C, high density lipoprotein cholesterol; HOMA-B, homeostatic model 

assessment for beta cell function; HOMA-IR, homeostatic model assessment for insulin 

resistance; LDL-C, low density lipoprotein cholesterol; PCSK9, proprotein convertase 

subtilisin/kexin 9. 
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Table 7.5. Bivariate Spearman correlation between lipoprotein(a), OxPL-apoB and lipid profile following ERN/LRP. 

 Lp(a)-

Mercodia 

Lp(a)-

UCSD 

OxPL-apoB IgG MDA-

LDL 

IgM MDA-

LDL 

IgG apoB-

IC 

IgM apoB-

IC 

OxLDL  

Total cholesterol, mmol/L 0.035 -0.134 0.091 0.053 -0.213 -0.047 -0.206 0.732** 

Triglyceride, mmol/L -0.262 -0.386* -0.301 -0.169 0.132 -0.106 0.028 0.251 

HDL-C, mmol/L -0.135 -0.204 -0.065 0.176 -0.193 -0.172 -0.040 -0.166 

LDL-C, mmol/L 0.151 0.044 0.171 0.035 -0.306 0.040 -0.286 0.746** 

ApoB, g/L 0.286 0.195 0.257 0.138 -0.206 0.052 -0.198 0.737** 

PCSK9, ng/mL 0.103 0.134 0.401* 0.147 0.192 0.394* 0.137 0.063 

Abbreviations: ApoA-I, apolipoprotein A-I; ApoB, apolipoprotein B-100; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; 

PCSK9, proprotein convertase subtilisin/kexin 9. 

**P<0.01, *P<0.05 



7.5 DISCUSSION 

In this study, there was no significant change in OxPL-apoB and autoantibodies to 

MDA-LDL or and apoB immune complexes despite reductions in Lp(a) and OxLDL. 

Whilst ERN monotherapy have previously been shown to reduce OxPL-apoB,20 this 

is not observed in our cohort when ERN/LRP is added to pre-existing high-intensity 

statin therapy. Significant increases in OxPL-apoB can be expected with statin 

therapy, with varying levels of increment demonstrated with different statins and 

populations studied. Increases of around 20 to 40% with atorvastatin 80mg,27 and 

much higher increases of up to 50% in patients with clinically significant coronary 

artery disease have been reported.28 Combination therapy with simvastatin, 

ezetimibe and niacin have resulted in a 20% mean increase in OxPL-apoB.20 It is 

possible that the OxPL-apoB lowering effect of ERN may have been counteracted by 

the opposite effect of statin therapy although this may be offset by the statin therapy 

being unchanged and the crossover design of the study. Of note, higher percentage 

rise in OxPL-apoB compared to Lp(a) had been reported in a number of studies 

previously.20, 28 The effect of dual therapy with statin and ERN has not previously 

been studied and future studies into the effect of different combination therapies are 

required. 

Interestingly, Lp(a) was lower following treatment with ERN/LRP compared to 

placebo with both groups being on statin therapy. Again, similar to OxPL-apoB, Lp(a) 

levels are expected to decrease with ERN monotherapy and increase with statin 

therapy. In contrast to OxPL-apoB, this observation is therefore in keeping with the 

expected effect of ERN. ERN has been show to significantly decrease apo(a) 

production through direct inhibition of hepatic apo(a) gene expression.8, 29, 30 There is 

also inhibition of hepatocyte diacylglycerol acyltransferase-2, leading to enhanced 

apoB degradation and decreased hepatic apoB-LDL and apoB-VLDL secretion, 

contributing to a lower Lp(a) mass.31 Since OxPL is transported on Lp(a) attached to 

apo(a) and within the lipid phase, it is possible that the lowering of Lp(a) has resulted 

in a higher proportion of OxPL being associated with the LDL moiety and hence the 

lack of reduction in measured OxPL-apoB.  

Lp(a) measurements in our study were undertaken using the Mercodia ELISA assay 

and the in-house ELISA assay at the research laboratory of UCSD. Lp(a) measured 
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on the Mercodia assay was significantly lower following treatment with ERN/LRP and 

a similar trend was observed on the UCSD assay despite not achieving statistical 

significance. Despite both assays being highly correlated, the Lp(a) levels measured 

were much higher on the Mercodia assay, further emphasising the issue and 

challenges surrounding Lp(a) measurement. Lp(a) mass assays determine the 

content of apo(a) and assumes this to be a fixed percentage of the content of the 

total Lp(a) mass. Since great variation exists within the contents of the LDL-like 

particle of Lp(a), as well as the apo(a) isoform size and content, and added to this 

the potential interindividual variability in proportion of Lp(a) constituents, accurate 

measurement of Lp(a) on mass assays can be challenging.24 Lp(a) on the Mercodia 

assay is reported as U/L which is then converted to mg/dl using a fixed conversion 

factor. Further to the issues highlighted with mass assays, the use of a fixed 

conversion factor is likely not to adequately account for these variations, especially 

when used in interventional trials where significant lipoprotein changes occur. Within 

our study cohort, the differences observed between the two assays would have 

resulted in a different classification of cardiovascular risk attributed to Lp(a) in a 

proportion of patients,32 emphasising the pressing need for standardisation of 

methods. Although Lp(a) assays that measure apo(a) in molar concentration 

overcomes the variability in mass described above, commercially available assays 

are not isoform independent and therefore retains its own set of issues with 

overestimating low values and underestimating high values.24  

Despite significant reductions in OxLDL, autoantibodies to MDA-LDL and apoB 

immune complexes did not alter significantly, casting some doubts over the presence 

of antioxidant improvements with ERN/LRP. Furthermore, despite the increases in 

HDL-C, ERN/LRP have not been shown to enhance the anti-oxidant properties of 

HDL. Our previous study have found no improvement in paraoxonase-1 (PON1) 

activity and similarly another study have in fact found decreases in PON1 activity 

and platelet-activity factor acetylhydrolase (PAF-AH) both in plasma and on HDL.21, 

33 In fact, similar observations were made in previous statin studies, decreases in 

OxLDL and Lp-PLA2 (also reported in our crossover study), were not accompanied 

by decreases in IgG or IgM autoantibodies to MDAL-LDL or IgG or IgM apoB 

immune complexes.27 Measurement of OxLDL using the Mercodia assay is based on 

murine monoclonal antibody 4E6 for detection of MDA-modified apoB, and similar to 
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our study, strong correlations with LDL-C have been reported which raises the 

concern for cross-reactivity.34 Enriching plasma samples with unoxidised LDL have 

also previously been shown to increase OxLDL levels using this assay suggesting 

detection of apoB.35 Likewise, Lp-PLA2 circulates in plasma bound to LDL and its 

reduction is highly associated with changes in LDL-C.36, 37        

This study was powered for a 15% increase in HDL-C and therefore the sample size 

may not be sufficient for variables with a large spread of values such as Lp(a). 

Owing to the crossover design, there is a possibility of a carrying over effect from the 

first phase to second phase. This should, however, be addressed by the washout 

period and we have also undertaken statistical analysis for the presence of 

significant carryover effects prior to assessment of treatment effect. Moreover, this is 

unlikely given the half-life of ERN. Measurement of Lp(a) using mass assays carries 

the accuracy issues discussed and the use of that detect apo(a) would have 

provided a much more accurate reflect on Lp(a) levels. We are, however, restricted 

by the availability of isoform-independent assays and issues with over- and 

underestimation remains with commercial assays.  

In conclusion, ERN/LRP results in lower Lp(a) levels but not OxPL-apoB when 

added to high-intensity statin therapy. Despite lower levels of OxLDL, indirect 

markers of LDL oxidation were not significantly different compared to placebo. The 

difference in Lp(a) levels reported between assays highlights the need for 

standardisation of method and report of Lp(a) in molar concentration using isoform 

independent assays.    
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CHAPTER 8: DISCUSSION 



10.1 INTRODUCTION 

Inflammation and oxidative stress are key contributors to the pathophysiology of 

CVD.1, 2 Inflammation and oxidative stress results in atherogenic modification of 

LDL3 and a shift towards dysfunctional HDL.4 Biomarkers of LDL modification and 

HDL functionality are therefore of great value both in CVD risk estimation, as well as 

providing insights into the pathological processes underlying CVD and the effect of 

various therapies.  

Among CVD risk markers, OxPL-apoB and Lp(a) have gained importance at the turn 

of the decade as independent predictors of CVD.5-9 Although Lp(a) levels are 

predominantly genetically predetermined, alterations have been observed following 

lipid-modifying therapies such as statins,10 niacin,11 and antisense oligonucleotides,12 

as well as in advanced liver disease where hepatocyte synthetic activity is 

impaired.13 Whether and how these changes impact on CVD outcomes remain to be 

established. OxPL is generated from oxidative modification of LDL.14 It is 

preferentially bound to Lp(a),7 and is thought to reflect the CVD effects of Lp(a).14 

OxPL-apoB levels are closely associated with that of Lp(a) in cross-sectional 

studies,15-17 although in theory, should also be impacted by oxidative stress and LDL 

oxidation which is what drives the generation of OxPL.  

It is clear that oxidative modification of LDL is a crucial aspect of atherogenesis and 

is responsible for various processes such as inflammatory activation, recruitment of 

immune cells, adhesion molecule and growth factor expression, and endothelial cell 

apoptosis, culminating in atheroma progression and plaque instability.3 In addition to 

OxPL, other oxidation-specific epitopes are also generated from oxidation of LDL, 

and antibodies and immune complexes directed at these epitopes can be used as 

indirect measures of OxLDL and as biomarkers of CVD.14   

Besides oxidative modification, LDL particles can also undergo glycation which 

increases its atherogenicity.18 Glycated LDL remains in circulation for longer and is 

therefore more likely to participate in the atherogenic process.19 sdLDL are more 

susceptible to glycation20 and are more prevalent in obesity and metabolic 

syndrome.21, 22  
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While epidemiological studies have shown an inverse relationship between HDL-C 

and CVD risk,23, 24 pharmacologically raising HDL-C levels have not translated into 

CVD outcome benefits.25-28 This has led to a switch in focus from static 

measurements of HDL-C levels to the functionality of HDL. In addition to the more 

established markers of HDL function such as cholesterol efflux capacity and PON1 

activity, the finding that specific miRNAs are transported by HDL have led to the 

emergence of the role of HDL-associated miRNA in HDL functionality.29, 30 While 

HDL exerts various atheroprotective functions, it can be modified and become 

dysfunctional within an inflammatory environment,4 and its function can therefore be 

affected in various metabolic conditions. 

Obesity and metabolic syndrome are associated with increased CVD risk, sharing 

many of the key underlying disease processes with atherosclerosis.31, 32 Insulin 

resistance is an important underlying factor and is closely linked to the inflammation 

and oxidative stress.31 Bariatric surgery results in marked improvements in traditional 

CVD risk factors and significant metabolic improvements, with decrease in markers 

of inflammation, oxidative stress, and insulin resistance.33-35 The underlying 

mechanisms driving these improvements, however, are yet to be fully established, 

and further understanding of the impact of obesity on these novel CVD biomarkers 

and its reversibility following bariatric surgery is required. 

Polycystic ovarian syndrome has many of the features of metabolic syndrome and is 

also characterised by increased insulin resistance.36 The prevalence of CVD risk 

factors is increased37, 38 with various studies demonstrating association with an 

atherogenic lipoprotein profile. 39-41 Owing to its wide phenotypic spectrum and being 

a disease of reproductive age, PCOS represents a unique cohort for investigating 

the impact of insulin resistance on CVD risk markers in early cardiometabolic 

disease. 
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10.2 BARIATRIC SURGERY AND PLASMA LEVELS OF OXIDISED 

PHOSPHOLIPIDS AND LIPOPROTEIN(A) (CHAPTER 4) 

Up until now, Lp(a), being the main lipoprotein carrier of OxPL,7 have been closely 

associated with OxPL-apoB in cross-sectional population studies.15-17 As most of the 

measured OxPL on the OxPL-apoB assay are on Lp(a), OxPL-apoB levels are 

thought to reflect the biological effects of Lp(a) on CVD.14 Although both OxPL-apoB 

and Lp(a) are independent risk factors of CVD, OxPL-apoB often remains an 

independent predictor after adjusting for Lp(a) levels, suggesting that it provides a 

broader reflection of CVD risk.8, 9   

In this study, we have demonstrated a divergence in OxPL-apoB and Lp(a) after 

bariatric surgery with the increase in Lp(a) levels and decrease in OxPL-apoB levels. 

OxPL-apoB to Lp(a) ratio is reduced as a result, indicating a reduction of OxPL 

carried on Lp(a). This suggests that the process of Lp(a) secretion and generation of 

OxPL are probably not unified in all instances. Plasma levels of Lp(a) are mostly 

mediated by the hepatic synthesis and it is postulated that the increase in Lp(a) is 

due to the improved hepatic steatosis and function following bariatric surgery. The 

rise in Lp(a) could also be contributed by the post-surgical reduction in triglyceride 

and insulin resistance, firstly a reduction in hepatic clearance of apo(a) in 

triglyceride-rich particles; and secondly, a reduction in insulin-mediated suppression 

of hepatic apo(a) synthesis.  

We demonstrated significant decrease in OxPL-apoB levels in keeping with an 

overall reduction in oxidative stress following bariatric surgery which is supported by 

significant decrease in all indirect biomarkers of OxLDL. This suggests a reduction in 

oxidative modification of LDL and therefore less generation of OxPL. In keeping with 

previous studies showing accumulation of OxPL in non-alcoholic steatohepatitis,42, 43 

the reduction in OxPL-apoB with simultaneous reduction in hepatic steatosis also 

support the role of OxPL in the pathogenesis of hepatic steatosis.    

This study also highlights the issue of OxLDL measurement, with concerns of cross-

reactivity with apoB and unoxidised LDL. This is particularly relevant in interventional 

studies where marked changes in LDL and apoB are expected such as in bariatric 

surgery.  
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Overall, this study adds to the current evidence base for reduction in oxidative stress 

following bariatric surgery, which appears to be independent of surgical procedures 

and presence of type 2 diabetes. The rise in Lp(a) associated with metabolic 

improvements is unexpected and whether it translates to increased CVD risk needs 

to be determined, as are the impact of reduction in biomarkers of LDL oxidation on 

hard CVD endpoints. 

 

10.3 ROUX-EN-Y GASTRIC BYPASS AND HDL-ASSOCIATED MIRNA 

(CHAPTER 5) 

MiRNA are important regulators of various physiological and metabolic processes, 

and in recent years, have emerged as biomarkers and potential therapeutic targets 

for wide range of diseases, with alterations in miRNA signature being described in 

CVD and obesity.44-48 More recently, HDL has been shown to transport functional 

miRNA and its anti-inflammatory function linked to delivery of miRNA to target 

cells.29, 30, 49  

Improvements in HDL structure and function have previously been reported following 

bariatric surgery, although there were inconsistencies surrounding improvement in 

cholesterol efflux capacity. In this study, we demonstrated, for the first time, 

increases in HDL-associated miRNAs following RYGB in association with other 

markers of HDL function including cholesterol efflux capacity and PON1 activity. We 

therefore postulate that the enhanced expression of HDL-associated miRNAs 

reflects improvements in important aspects of HDL function. 

Specifically, we demonstrated increased expression of miR-223, which is known to 

regulate inflammatory and immune processes, following RYGB. The change in HDL-

associated miR-223 was inversely associated with ICAM-1, consistent with a 

previous study demonstrating the suppression of ICAM-1 expression in endothelial 

cells through transfer of HDL-associated miR-223.30 Positive correlations between 

HDL-associated miR-223 and cholesterol efflux capacity an PON1 activity also add 

support to the overall improvement in HDL functionality. 
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MiR-222 is closely linked to glucose metabolisms45 and elevated levels of miR-222 

have been described in obesity and diabetes.45, 46, 50 Following RYGB, expression of 

HDL-associated miRNA was increased in association with increase in HOMA-B, 

which is in keeping with a previous study showing glucose lowering effect of miR-222 

via pancreatic bell cell proliferation in murine models.51 We therefore hypothesise 

that the elevated baseline levels of miR-222 observed in obesity and diabetes may 

reflect a compensatory mechanism of the underlying glycaemic derangement. 

Interestingly, however, baseline levels of miR-222 are higher in obesity and whether 

this represents a compensatory mechanism in obesity for underlying metabolic 

derangement and if the increased expression after surgery reverts to “healthy” levels 

after the metabolic correction needs to be explored.        

Likewise, HDL-associated miR-24 also increased after bariatric surgery which could 

be in response to glycaemic improvement and improvement in HDL function; 

whereas HDL-associated miR-126, which is expressed mainly in endothelial cells, 

was not significantly altered. 

Overall, there is increased expression of HDL-associated miRNA following bariatric 

surgery, adding to the picture of improved HDL functionality reflected by cholesterol 

efflux capacity and PON1 activity, which may explain some of the cardiometabolic 

benefits of RYGB.  

 

10.4 POLYCYSTIC OVARIAN SYNDROME AND MARKERS OF HDL 

FUNCTIONALITY AND LDL MODIFICATION (CHAPTER 6) 

PCOS is associated with increased prevalence of CVD risk factors including an 

atherogenic lipid profile and impairment in cholesterol efflux capacity being 

demonstrated in previous studies.39, 40, 52 PCOS has a wide phenotypic spectrum 

where huge variations in BMI and insulin resistance exist. Previous studies on 

cholesterol efflux capacity have demonstrated impairment relating to differences in 

BMI.52 
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In this study, markers of HDL functionality and markers of atherogenic modification 

of LDL were compared between PCOS and BMI-matched controls. Impairment in 

HDL functionality was observed reflected by both cholesterol efflux capacity, PON1 

activity, and SAA relating to severity of insulin resistance. Simultaneously, there 

were also increase in OxLDL and LpPLA2 suggesting increase in oxidative 

modification of LDL, again related to severity of insulin resistance. Interestingly, the 

lower tertile of HOMA-IR in PCOS did not show evidence of impaired HDL 

functionality or LDL oxidation, suggesting that most of the atherogenic tendencies 

observed are likely driven by insulin resistance. There is, however, a tendency for 

glycation of apoB in PCOS even when BMI is matched for, which is closely linked 

with markers of glycaemia.  

Somewhat similar to the observation made in the bariatric surgery study, OxLDL did 

not correlated well with OxPL-apoB. OxPL-apoB retains a strong positive correlation 

with Lp(a) in our cohort consistent with previous cross-sectional studies. In this 

cohort, although the same issue of potential cross-reactivity with the OxLDL assay 

exists, it is less crucial due to the lack of difference in LDL-C levels and between the 

groups compared. The lack of differences in OxPL-apoB and OxPL-apo(a) reflect its 

close relationship with Lp(a) in baseline levels, which similarly did not differ between 

PCOS and controls.   

In addition to measures of HDL functionality, anti-apoA-I IgG levels were also 

compared in our cohort. Anti-apoA-I IgG has in the recent years emerged as an 

independent risk factor for CVD.53, 54 The hypothesis was that modification of HDL 

may result in generation of these proatherogenic antibodies55 or alternatively, the 

presence of anti-apoA-I IgG may negatively affect HDL function. Despite differences 

in measures of HDL function between groups with high and low insulin resistance, 

the levels and positivity of anti-apoA-I did not differ and likewise, measures of HDL 

function were similar between anti-apoA-I positive and negative groups. A finding of 

interest is the higher levels of MPO and IgG MDA-LDL and IgG apoB-IC among anti-

apoA-I IgG positive patients, perhaps suggesting a link with inflammation and 

oxidation, although this was not supported by the other biomarkers of oxidation 

including OxLDL and LpPLA2. 
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Overall, there is evidence for impaired HDL functionality and atherogenic 

modification of LDL among a subgroup of patients with PCOS, with insulin resistance 

and BMI being key factors in identifying higher risk patients and tailoring CVD risk 

modification strategies.   

 

10.5 EXTENDED RELEASE NIACIN AND PLASMA LEVELS OF 

LIPOPROTEIN(A) AND OXIDISED PHOSPHOLIPIDS (CHAPTER 7) 

Various lipid-modifying therapies have been shown to alter levels of Lp(a) and OxPL-

apoB, with increases being noted with statin therapy and decreases with niacin and 

the new antisense oligonucleotide therapy.10-12 In the randomised, placebo 

controlled, crossover study, the impact of ERN/LRP added to maximal tolerated 

statin therapy on Lp(a) and OxPL-apoB levels was assessed. Lp(a) measurements 

were also compared between two different mass assays.  

Lower levels of Lp(a) were observed following ERN/LRP add-on therapy whereas 

OxPL-apoB levels did not differ. The reduction in Lp(a) was expected given the Lp(a) 

lowering effects with niacin monotherapy previously and niacin have been shown to 

inhibit apo(a) production,8 as well as enhancing apoB degradation resulting in lower 

Lp(a) mass.56 Of interest is the difference in Lp(a) results generated using the two 

different mass assays, highlighting the issues surrounding standardisation of 

methods and a need for moving towards isoform independent molar methods. A 

major issue with mass assays is the variation in contents of the LDL-like particle of 

Lp(a), as well as the apo(a) isoform, both of which are not accounted for and it is 

assumed that each component makes up a fixed percentage of the total Lp(a) mass. 

This is of more importance when used to compare effect of interventions as there are 

likely to be lipoprotein changes and therefore alterations in contents of the lipid 

phase. The use of a fixed conversion factor, be it as used in the Mercodia assay, or 

when converting to nmol/l as reported in molar assays, adds a further layer of 

assumption and inaccuracy. In contrast with Lp(a), OxPL-apoB levels did not differ 

between ERN/LRP and placebo. This may reflect the potential differing impact of 

statin on Lp(a) and OxPL-apoB levels. The lowering of Lp(a) could also have 

therefore led to a higher number of OxPL being transported attached to the LDL 
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moiety, hence the OxPL-apoB measured. Also, the effects of ERN/LRP and statin on 

Lp(a) and OxPL-apoB when used in combination may not be the same as if 

extrapolated from its individual effects.    

Overall, added to existing evidence, this study further confirms the Lp(a) decreasing 

effects of ERN/LRP. The significance of niacin-induced Lp(a) reduction on CVD 

outcomes needs to be established. The difference in Lp(a) values reported from 

different assays highlights the issues with standardisation of Lp(a) methods and the 

need for widespread use of isoform-independent molar assays. 

 

10.6 LIMITATIONS 

There were some important limitations in the studies presented in this thesis. 

For the bariatric surgery and OxPL study (chapter 4), as it was not possible to create 

a true control group, we recruited patients who underwent medical weight 

management as a comparator group. However, due to the observational design of 

the study, we have no control over the choice of intervention offered to patients. The 

tendency for patients with higher BMI and less co-morbidities to be offered surgery 

with less delays is reflected in the differences in baseline characteristics between the 

two groups. We acknowledge that differences in age and presence of diabetes may 

confound our findings. However, the glycaemic control was comparable in both 

groups. Also, the data analyses conducted included multiple comparisons giving rise 

to the issue of multiple testing. It is acknowledged that beyond the primary outcome 

measure of OxPL-apoB and Lp(a), the sub-group analyses conducted were 

exploratory in nature and are limited by smaller sample size. They do, however, 

provide observations of interest that may offer some mechanistic explanation for the 

post-surgical changes observed, and serves as a basis for future studies.    

Similarly, in the bariatric surgery and miRNA study (chapter 5), the issue with a true 

control group applies. In this study, healthy participants were recruited instead and 

no follow-up assessments were undertaken. The study was again observational in 

design and is limited by the small sample size particularly within the healthy group. 

As only patients who underwent RYGB were included, no procedural comparisons 
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were made and the findings therefore may not be extended to other bariatric 

procedures. 

Whilst bariatric surgery is generally considered as a safe procedure with established 

long-term cardiometabolic benefits, it is nevertheless an invasive procedure and is 

not without associated complications; such anastomotic leak and stenosis in early 

post-operative period; and gallstone disease, nutritional deficiencies, and dumping 

syndrome as late complications.57 Clinical decision for weight loss surgery should 

therefore be personalised taking both the potential benefits and complications into 

consideration. 

For the PCOS study (chapter 5), although the PCOS cohort and controls were well-

matched for BMI, there is a small but significant difference in age, which may have 

an impact on the variables measured. Again, due to the observational design of this 

study, whilst we are able to describe associations between insulin resistance and 

markers of HDL functionality and LDL modification, we are restricted in drawing 

conclusions on the cause and effect of these risk markers. Limitations relating to 

assays for measurement of OxLDL are also acknowledged. 

For the ERN/LRP study, although a prior power calculation was undertaken, this was 

based on a 15% increase in HDL-C and therefore the sample size may not be 

sufficient to detect differences in variables, which are applicable to both Lp(a) and 

OxPL-apoB. There is also a potential for crossover effect, although this should be 

addressed by the washout effect which is adequate considering the half-life of 

ERN/LRP. Statistical analysis undertaken included exclusion of significant carrying 

over effects prior to assessing of treatment effect. The most important limitation, 

however, is the use of molar assays for the measurement of Lp(a) highlighted above 

which may be more relevant in the context of lipid-lowering interventions.  

Whilst this study has demonstrated favourable effects of ERN/LRP, the evidence that 

this is translated into cardiovascular outcome benefit is not established. The use of 

niacin previously has also been limited due to its significant side effects, particularly 

severe flushing, which was improved with the addition of laropiprant.58 
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10.7 FUTURE WORK 

The work in this thesis has demonstrated that bariatric surgery is associated with a 

divergence in OxPL-apoB and Lp(a) not previously described. The reduction in 

OxPL-apoB is in keeping with marked reductions in overall oxidative stress. The rise 

in Lp(a) levels, however requires further clarification as to whether it is 1) sustained 

in the longer term, and 2) translated into a negative effect on CVD risk. Likewise, 

whether the reductions in OxPL-apoB and biomarkers of OxLDL reflect longer term 

CVD outcome benefits requires further study. 

Similarly, the increased expression of HDL-associated miRNA observed is thought to 

relate to improvements in HDL functionality. In the case of miR-222, where higher 

expression was observed in obesity at baseline, it was speculated that this may 

reflect a compensatory mechanism which needs further clarification. The cause and 

effect are not determined in this observational study and if this is indeed a 

compensatory phenomenon in response to underlying metabolic derangement, the 

expression of miR-222 in the longer term following metabolic correction needs to be 

determined. Studies into the effect of HDL-mediated delivery of specific miRNAs to 

target cells are required to confirm the role of these miRNA in what is a complex 

collection of biological processes.    

We have determined that insulin resistance in PCOS is a key factor associated with 

LDL modification and impaired HDL functionality. This provides a platform for studies 

into whether therapeutic strategies targeting insulin resistance in this cohort 

translates into CVD outcome benefits. Similarly, the longer-term CVD benefits of 

weight reduction therapies are required.  

The changes in Lp(a) levels with ERN/LRP add to the current evidence base for the 

impact of various lipid-modifying therapies on Lp(a). Further study into the impact of 

various combination therapies in large sample sizes are required for further 

clarification. Also, particularly important is the increase in Lp(a) with statin therapy, 

whether this confers a negative effect on CVD outcomes needs to be determined.    
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Study Title 

Obesity-related cardiovascular risk and the effect of bariatric surgery-induced weight loss: A 
mechanistic study investigating the role of hormones, lipoproteins, vascular endothelial factors 

and small nerve fibre integrity. 
 

 

 You are being invited to take part in a research study to look at cardiovascular health after 
bariatric surgery.  

 This sheet provides you with the information about the study and how it involves you. 

 Before you decide, it is important for you to understand why the research is being done and 
what it will involve.  

 Please take time to read the following information carefully before deciding on whether to 
take part or not.  

 

Introduction 

Obesity is a common problem in the United Kingdom and is associated with a number of 

significant health conditions. 

Problems with cardiovascular health are common in obesity. Obesity leads to a state of low level 

inflammation which is thought to drive the process leading to cardiovascular disease. A number 

other factors have also been proposed such as disruption in blood vessel, nerve and hormone 

function. Bariatric surgery and weight loss has been shown to have beneficial effects on 

cardiovascular health although the mechanisms by which these effects occur remain to be fully 

established. 

This study will explore the effects of weight loss surgery on sexual and cardiovascular health, 

looking into the role of blood vessel function, nerve function and hormone status.  

What is the purpose of this study? 

The purpose of this study is to first and foremost assess for improvement in inflammation 

affecting blood vessels following bariatric surgery and weight loss. We will also study the effect of 

bariatric surgery on the other factors contributing to cardiovascular health such as blood vessel 

function, nerve function, and hormone status. This will help us understand why obese individuals 
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Obesity-related cardiovascular risk and the effect of bariatric surgery-induced 
weight loss: A mechanistic study investigating the role of hormones, lipoproteins, 

vascular endothelial factors and small nerve fibre integrity. 
 

To be completed by the patient:       Please initial the boxes 
 

1. I confirm that I have read and understood the patient information 
sheet [version 1.0. 23.11.2016] provided for the study and I have 
had the opportunity to ask questions and have had these 
answered satisfactorily. 

 
2. I understand that my participation is voluntary and that I am free 

to withdraw at any time without my medical care or legal rights 
being affected. 

 
3. I understand that relevant sections of my medical notes and data 

collected during the study may be looked at by individuals from 
the NHS trust or regulatory authorities, where it is relevant to my 
taking part in this research. I give my permission for these 
individuals to have access to my records.  

 
4. I agree to serum and plasma being retained and stored as a gift to 

University of Manchester and used for future ethically approved 
research at the end of the study. 

 
5. I agree to fat biopsy samples being retained and stored as a gift to 

University of Manchester and used for future ethically approved 
research at the end of the study. 

 
6. I consent to my general practitioner being informed of my 

participation in the study and of any clinically relevant 
information.  

 
7. I agree for my anonymised blood samples to be transferred to 

international laboratories for research purposes. 
 

8. I give my consent to take part in the above study including: 
 

a. Sexual function questionnaire 
 

b. Blood test 
 
c. Stool, saliva and urine samples 
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d. Nerve function tests 

  
 

 
 

 
 
 

 
 
 
Name  Da e of Bi h  
 
Signa e  Da e  
 
To be completed by the investigator or physician or nurse taking consent: 
 
I confirm that I have fully explained and discussed with the patient the nature and 
purpose of the above study. 
 
Name  Po i ion  e g  In e iga o  
 
Signa e  Da e  
 
Signature of physician if consent was witnessed by a n e  
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North West - Greater Manchester East Research Ethics Committee 
3rd Floor, Barlow House 

4 Minshull Street 
Manchester 

M1 3DZ 
 

Telephone: 020 71048008 

 
 
 
 
 
 
 
 
 
 
02 August 2017 

 
Dr Handrean Soran 
Department of Medicine 
Manchester Royal Infirmary 
Oxford Road, Manchester 
M13 9WL 
 
 
Dear Dr Soran  
 
Study title: Obesity-related cardiovascular risk and the effect of 

bariatric surgery-induced weight loss: A mechanistic 
study investigating the role of hormones, lipoproteins, 
vascular endothelial factors and small nerve fibre 
integrity. 

REC reference: 17/NW/0357 

Protocol number: PET2017 
IRAS project ID: 220085 
 

Thank you for your letter of 31 July 2017, responding to the Committee’s request for further 
information on the above research and submitting revised documentation.   
 

The further information has been considered on behalf of the Committee by the Chair.    
 
We plan to publish your research summary wording for the above study on the HRA 
website, together with your contact details. Publication will be no earlier than three months 
from the date of this opinion letter.  Should you wish to provide a substitute contact point, 
require further information, or wish to make a request to postpone publication, please 
contact hra.studyregistration@nhs.net outlining the reasons for your request. 

Confirmation of ethical opinion 
 
On behalf of the Committee, I am pleased to confirm a favourable ethical opinion for the 
above research on the basis described in the application form, protocol and supporting 

Please note:  This is the 
favourable opinion of the 
REC only and does not allow 
you to start your study at NHS 
sites in England until you 
receive HRA Approval  
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documentation as revised, subject to the conditions specified below. 
 
 
Conditions of the favourable opinion 
 
The REC favourable opinion is subject to the following conditions being met prior to the start 
of the study. 
 
Management permission must be obtained from each host organisation prior to the start of 
the study at the site concerned. 
 

Management permission should be sought from all NHS organisations involved in the study 

in accordance with NHS research governance arrangements. Each NHS organisation must 

confirm through the signing of agreements and/or other documents that it has given 

permission for the research to proceed (except where explicitly specified otherwise).  

Guidance on applying for NHS permission for research is available in the Integrated 
Research Application System, www.hra.nhs.uk or at http://www.rdforum.nhs.uk.   
 

Where a NHS organisation’s role in the study is limited to identifying and referring potential 
participants to research sites ("participant identification centre"), guidance should be sought 
from the R&D office on the information it requires to give permission for this activity. 
 
For non-NHS sites, site management permission should be obtained in accordance with the 
procedures of the relevant host organisation.  
 

Sponsors are not required to notify the Committee of management permissions from host 
organisations 
 

Registration of Clinical Trials 
 

All clinical trials (defined as the first four categories on the IRAS filter page) must be 
registered on a publically accessible database within 6 weeks of recruitment of the first 
participant (for medical device studies, within the timeline determined by the current 
registration and publication trees).   
 
There is no requirement to separately notify the REC but you should do so at the earliest 
opportunity e.g. when submitting an amendment.  We will audit the registration details as 
part of the annual progress reporting process. 
 
To ensure transparency in research, we strongly recommend that all research is registered 
but for non-clinical trials this is not currently mandatory. 
 
If a sponsor wishes to request a deferral for study registration within the required timeframe, 
they should contact hra.studyregistration@nhs.net. The expectation is that all clinical trials 
will be registered, however, in exceptional circumstances non registration may be 
permissible with prior agreement from the HRA. Guidance on where to register is provided 
on the HRA website.   
 

It is the responsibility of the sponsor to ensure that all the conditions are complied 
with before the start of the study or its initiation at a particular site (as applicable). 
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Dr Handrean Soran 

Department of Medicine 

Manchester Royal Infirmary 

Oxford Road, Manchester 

M13 9WL 

 
Email: hra.approval@nhs.net 

 

27 September 2017 

 

Dear Dr Soran, 

 

 

Study title: Obesity-related cardiovascular risk and the effect of bariatric 

surgery-induced weight loss: A mechanistic study 

investigating the role of hormones, lipoproteins, vascular 

endothelial factors and small nerve fibre integrity. 

IRAS project ID: 220085  

Protocol number: PET2017 

REC reference: 17/NW/0357   

Sponsor Central Manchester University Hospitals NHS Foundation 

Trust 

 

I am pleased to confirm that HRA Approval has been given for the above referenced study, on the 

basis described in the application form, protocol, supporting documentation and any clarifications 

noted in this letter.  

 

Participation of NHS Organisations in England  

The sponsor should now provide a copy of this letter to all participating NHS organisations in England.  

 

Appendix B provides important information for sponsors and participating NHS organisations in 

England for arranging and confirming capacity and capability. Please read Appendix B carefully, in 

particular the following sections: 

 Participating NHS organisations in England – this clarifies the types of participating 

organisations in the study and whether or not all organisations will be undertaking the same 

activities 

 Confirmation of capacity and capability - this confirms whether or not each type of participating 

NHS organisation in England is expected to give formal confirmation of capacity and capability. 

Where formal confirmation is not expected, the section also provides details on the time limit 

given to participating organisations to opt out of the study, or request additional time, before 

their participation is assumed. 

 Allocation of responsibilities and rights are agreed and documented (4.1 of HRA assessment 

criteria) - this provides detail on the form of agreement to be used in the study to confirm 

capacity and capability, where applicable. 

Letter of HRA Approval 
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User Feedback 

The Health Research Authority is continually striving to provide a high quality service to all applicants 

and sponsors. You are invited to give your view of the service you have received and the application 

procedure. If you wish to make your views known please use the feedback form available on the HRA 

website: http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/. 

 

HRA Training 

We are pleased to welcome researchers and research management staff at our training days – see 

details at http://www.hra.nhs.uk/hra-training/  

 

Your IRAS project ID is 220085. Please quote this on all correspondence. 

 

Yours sincerely 

 

Nabeela Iqbal 

Assessor 

 

Email: hra.approval@nhs.net  

Copy to: Dr Lynne Webster, Central Manchester University Hospitals NHS Foundation Trust, Sponsor and Lead NHS R&D 
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Appendix A - List of Documents 

 

The final document set assessed and approved by HRA Approval is listed below.   

 

 Document   Version   Date   

IRAS Application Form [IRAS_Form_03062017]    03 June 2017  

Letter from funder [amgen letter]    01 June 2017  

Non-validated questionnaire [Medical Questionnaire]  1  27 April 2017  

Other [Consent - non-PETCT Arm]  1  21 February 2017  

Other [PIS - non-PETCT Arm]  1  27 April 2017  

Other [HRA SOE]      

Other [PIC SOA]      

Other [Male SFQ]  2  01 July 2007  

Other [Female SFQ]      

Other [2nd Supervisor's CV]    02 June 2017  

Other [GP Letter for non-PETCT Arm]  1  02 June 2017  

Participant consent form [non PET]  2  17 July 2017  

Participant consent form [PET]  2  17 July 2017  

Participant information sheet (PIS) [non PET]  2  17 July 2017  

Participant information sheet (PIS) [PET]  2  17 July 2017  

Referee's report or other scientific critique report [Referee's Report]    14 December 2016  

Research protocol or project proposal  2  17 July 2017  

Summary CV for Chief Investigator (CI) [Chief Investigator CV]      

Summary CV for student [Student's CV]    06 April 2017  

Summary CV for supervisor (student research) [Supervisor CV]      
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Appendix B - Summary of HRA Assessment 

 

This appendix provides assurance to you, the sponsor and the NHS in England that the study, as 

reviewed for HRA Approval, is compliant with relevant standards. It also provides information and 

clarification, where appropriate, to participating NHS organisations in England to assist in assessing 

and arranging capacity and capability. 

For information on how the sponsor should be working with participating NHS organisations in 

England, please refer to the, participating NHS organisations, capacity and capability and 

Allocation of responsibilities and rights are agreed and documented (4.1 of HRA assessment 

criteria) sections in this appendix.  

The following person is the sponsor contact for the purpose of addressing participating organisation 

questions relating to the study: 

 

Name: Dr Lynne Webster 

Tel: 01612764125 

Email: lynne.webster@cmft.nhs.uk 

 

HRA assessment criteria  

Section HRA Assessment Criteria Compliant with 

Standards 

Comments 

1.1 IRAS application completed 

correctly 

Yes No comments  

    

2.1 Participant information/consent 

documents and consent 

process 

Yes Revision made to the Patient 

Information sheet as follows: 

PISs PET CT and non PETCT have 

been revised to be clear what will 

happen to the samples include 

destruction at the end of the study 

period. 

    

3.1 Protocol assessment Yes No comments 

    

4.1 Allocation of responsibilities 

and rights are agreed and 

documented  

Yes The Statement of Activities (SOA) will 

act as an agreement between 

participating sites. 

4.2 Insurance/indemnity 

arrangements assessed 

Yes Where applicable, independent 

contractors (e.g. General Practitioners) 

should ensure that the professional 
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Section HRA Assessment Criteria Compliant with 

Standards 

Comments 

indemnity provided by their medical 

defence organisation covers the 

activities expected of them for this 

research study 

4.3 Financial arrangements 

assessed  

Yes This study is funded by AMGEN limited. 

The sponsor will not provide any 

funding to the NHS organisation 

identifying potential participants. 

    

5.1 Compliance with the Data 

Protection Act and data 

security issues assessed 

Yes No comments 

5.2 CTIMPS – Arrangements for 

compliance with the Clinical 

Trials Regulations assessed 

Not Applicable No comments 

5.3 Compliance with any 

applicable laws or regulations 

Yes For the purpose of HRA assessment, 

applicant has provided clarification 

about the tissue samples to be taken 

and what will happen to these after the 

study.  

    

6.1 NHS Research Ethics 

Committee favourable opinion 

received for applicable studies 

Yes 

 

REC FO issued on 2nd August 2017. 

6.2 CTIMPS – Clinical Trials 

Authorisation (CTA) letter 

received 

Not Applicable No comments 

6.3 Devices – MHRA notice of no 

objection received 

Not Applicable No comments 

6.4 Other regulatory approvals 

and authorisations received 

Yes ARSAC certificate has been provided 

for the site. 
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expectations. 

 

HR Good Practice Resource Pack Expectations 

This confirms the HR Good Practice Resource Pack expectations for the study and the pre-engagement checks 

that should and should not be undertaken 

As a study undertaken by local staff, it is unlikely that letters of access or honorary research contracts 

will be applicable, except where local network staff employed by another Trust (or University) are 

involved (and then it is likely that arrangements are already in place). Where contractual 

arrangements are not already in place, network staff (or similar) undertaking research activities would 

be expected to obtain Honorary Research Contracts on the basis of a Research Passport (if 

university employed) or a Letter of Access on the basis of an NHS to NHS confirmation of pre-

engagement checks letter (if NHS employed). Standard DBS checks and occupational health 

clearance would be appropriate. 

 

 

Other Information to Aid Study Set-up  

This details any other information that may be helpful to sponsors and participating NHS organisations in 

England to aid study set-up. 

The applicant has indicated that they intend to apply for inclusion on the NIHR CRN Portfolio. 
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