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Summary

Postprandial hypertriglyceridaemia predicts cardiovascular disease and is a 

characteristic of both obesity and poorly controlled diabetes. To address the relative 

impact of improved glycaemic control and weight loss on postprandial triglyceride 

levels in type 2 diabetes, forty-one patients (cases) with poorly controlled type 2 

diabetes were studied before and after optimisation of glycaemic control. Treatment 

involved lifestyle modification including dietary and exercise intervention and 

antihyperglycaemic drugs. Sixty patients without type 2 diabetes (controls) were also 

studied.

Blood samples were drawn at baseline, two, four and six hours after a physiological 

meal. Plasma lipids, apolipoprotein B48, RLP-C, non-esterified fatty acids (NEFA), 

high sensitivity C reactive protein (CRPhs), insulin and C-peptide were measured at 

each time point. LDL and HDL sub-fraction analysis was carried out at baseline. 

Postprandial area under the curve (AUC) was determined by the trapezoidal method.

All subjects achieved or approached target glycaemic control (HbAlc < 7%) with a 

mean of 200 ± 84 days follow up. The improvement in glycaemic control was not 

accompanied by a significant improvement in postprandial triglyceride response.

The control cohort had significantly lower body mass index (BMI), HOMA-IR and 

age (p < 0.05) compared to the case cohort. The triglyceride AUC although lower in 

the control cohort failed to achieve significance. The triglyceride concentration at six 

hours post physiological meal was significantly higher in the case cohort before and 

after restoration of glycaemic control. This indicated a prolonged and delayed 

clearance of triglycerides in the presence of type 2 diabetes.

The project developed the concept of an ideal AUC, and a triglyceride AUC of 10.2 

mmol/Hr/U' is postulated as an ideal value. This tool was applied to the control and 

case cohorts and highlighted significantly lower BMI, weight, HOMA-IR, insulin 

AUC, triglyceride AUC and apolipoprotein (apo) B48 AUC in subjects who achieved 

an ideal AUC. Yet not all patients who presented with optimal fasting triglycerides (< 

1.7 mmol/L) achieved an ideal AUC. In the control cohort less than 50% of patients



who presented with optimal fasting triglyceride concentrations achieved an ideal 

AUC. These controls demonstrated significantly higher H bA lc, fasting glucose, 

insulin AUC, HOMA-IR, triglyceride AUC and apo B48 AUC as compared to 

controls who achieved an ideal AUC with optimal fasting triglycerides. These 

findings may indicate increased cardiovascular risk that may possibly be uncovered in 

postprandial analysis only.

The use o f statins led to significant differences in lipid metabolism at completion o f 

the study protocol. Cases taking statin medication demonstrated improved clearance 

o f triglyceride concentrations at four and six hours, also reflected in significantly 

lower apo B48 at six hours compared to cases not taking statins. Statin medication 

also appeared to have a direct impact on sdLDL (small dense LDL). There was no 

LDL subfraction 6 at initial and final measurements with the use o f statin medication. 

At completion o f the study protocol, cases taking statin medication demonstrated a 

significant increase in atheroprotective HDL 3 subfraction.

The apolipoprotein E genotype did not appear to have a direct impact on postprandial 

metabolism in overt diabetes. BMI and HOMA-IR almost emulated each other in their 

impact on postprandial lipaemia. The female genotype had a significant impact on 

postprandial lipaemia in the absence o f type 2 diabetes.

Twenty one cases lost a minimum of 1% body weight (the mean weight reduction was 

5.57kg) while twenty cases remained no weight loss (the mean weight gain 1.89kg). 

Triglyceride AUC decreased significantly in the weight loss group from an initial 

median o f 12.37 mmol/Hr/L"' to 8.34 m m ol/Hr/L ''. This was accompanied by a 

significant reduction in insulin resistance (HOMA-IR), BMI and insulin AUC. The no 

weight loss group did not demonstrate significant changes in the triglyceride AUC but 

highlighted a rise in the median fi*om 11.49 mmol/Hr/L'* to 12.17 mmol/Hr/L"'. This 

was accompanied by a significant increase in BMI.

Improved glycaemic control without associated weight loss in patients with type 2 

diabetes was not associated with improvement in fasting or postprandial 

hypertriglyceridaemia. Postprandial hypertriglyceridaemia might be a residual 

cardiovascular risk that is observed even in well-controlled diabetic subjects.
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1. Introduction

“The important thing in science is not so much to obtain new facts, as to discover new 

ways o f  thinking about them ”

Sir W illiam  Bragg
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1.1 Overview of study

Type 2 diabetes ranks amongst the most serious diseases affecting mankind. A major 

problem in type 2 diabetes is the risk of cardiovascular disease attributed in part to 

diabetic dyslipidaemia accompanying the disease. Hyperglycaemia is the diagnostic 

feature for diabetes and the target for anti-diabetic therapy (Bianchi et al 2008). The 

contribution of improved glycaemic control to microvascular complications remains 

unquestioned, however the implications for macrovascular complications is not as 

clear.

Over the last number of decades considerable attention has been given to the study of 

diabetic dyslipidaemia including the postprandial phase. With the exception of the 

first meal in the morning most meals are consumed before plasma triglycerides are 

returned to baseline (Lopez-Miranda et al 2007, Rakhorskaya et al 2006). Therefore it 

is reasonable to expect that the postprandial phase would in fact have a considerable 

contribution to cardiovascular risk. Zilversmit (1979) postulated that in fact 

atherosclerosis was a postprandial phenomenon and this has been supported by a 

number of studies in the presence (Cartensen et al 2004, Mero et al 2000, Teno et al 

2000) and absence of type 2 diabetes (Groot et al 1991, Patsch et al 1992, Haim et al 

1999, Shanker et al 2008, Philips et al 1993). The contribution of improved glycaemic 

control as a reflection of improved metabolic control and the relationship to 

postprandial lipid responses is still unclear.

In this study we undertook an examination of the impact of improved glycaemic 

control on the postprandial lipid response of patients with type 2 diabetes. Forty one 

patients with type 2 diabetes with poor glycaemic control and sixty control subjects 

took part in the study. All participants undertook an initial postprandial challenge after 

which the patients with type 2 diabetes were treated with oral glycaemic agents and 

lifestyle modification to improve glycaemic control and improve weight management.

After improvement of glycaemic control, the patients with type 2 diabetes repeated 

the postprandial challenge. Patients with type 2 diabetes were divided into two

2



groups; those that had improvement in glycaemic control alone and those that had 

improved glycaemic control with accompanying weight loss.

The study aims included;

• To determine the impact of weight loss and improved glycaemic control on 

postprandial lipaemia in type 2 diabetes

• To determine the contribution of intestinal derived triglyceride rich 

lipoprotein concentrations to postprandial lipaemia in the presence of type 2 

diabetes.

• To determine the impact of improved glycaemic control in type 2 diabetes on 

intestinally derived triglyceride rich lipoproteins.

• To assess the impact of overt diabetes on the postprandial lipid response.

• To determine the impact of apolipoprotein E genotype on postprandial lipid 

response in the presence and absence of type 2 diabetes.

• To assess the impact of proposed contributing factors i.e. BMI, insulin 

resistance and gender on the postprandial lipid response.

To achieve these objectives we employed a number of analytical techniques, 

including a novel ELISA assay for apolipoprotein B48 assessment, Quantimetrix 

Lipoprint™ analysis of small dense LDL and HDL subfractions, analysis of remnant 

like lipoprotein cholesterol and apolipoprotein E genotype. We also employed 

established laboratory techniques for the assessment of triglycerides, direct LDL-C 

and HDL-C, high sensitivity C reactive protein, apolipoproteins A l, All, and B, total 

cholesterol, insulin and c-peptide, nonesterified fatty acids, H bA lc and glucose. 

Insulin resistance was determined by the methodology developed by Matthews et al 

(1985) as HOMA-IR. Area under the curve was employed to assess the postprandial 

response.

The introduction to the thesis will provide the background to type 2 diabetes mellitus, 

and the contribution to cardiovascular disease. This will be followed by an outline of 

the postprandial phase and possible contributing factors, including a review of current 

knowledge.
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1.2 Diabetes Mellitus

1.2.1 History

One of the earliest recordings of diabetes was by the ancient Egyptian physician 

Hesy-Ra, who recorded polyuria as a symptom in 1552 B.C (Verlag 1964). The term 

diabetes comes from the Greek word meaning to siphon. It was first coined by 

Aretaeus of Cappadocia to connote the substantial wasting which accompanied a 

syndrome of relentless polyuria, polydipsia and polyphagia (AD 81-138) (Majors 

1962). Up to the 11*'’ century diabetes was diagnosed by “tasters”, who drank the 

urine of sufferers as it was thought to be sweet tasting. The Latin term for honey is 

mellitus, hence the term Diabetes Mellitus (Pickup and Williams 1999).

In the early nineteen century the first biochemical test to indicate the presence of 

sugar in the urine was developed. However it was only in the mid 20'*’ century with 

the refinement of blood glucose assay techniques and its application in routine 

screening that the full spectrum of chronic hyperglycaemia was realised. By 1959 

two major types of diabetes were recognised. The more common form is known as 

(non-insulin dependant) type 2 diabetes which occurred more frequently than the rarer 

and at one time lethal ketoacidosis - prone type 1 (insulin dependent) diabetes 

(Davidson 2000, National Diabetes Data Group 1979).

An attempt to classify glycaemic abnormalities and standardise the diagnostic 

technique was made by the World Health Organisation (WHO) in the 1970’s, 

following the consensus document from the National Diabetes Data Group (National 

Diabetes Data Group 1979). This was later redefined in 1999 (WHO 1999) after the 

American Diabetes Association (ADA) suggested new criteria in 1997 (ADA 1997).

The Diabetes Control and Complications Trial (DCCT) report was published in 1993; 

the results of which clearly demonstrated that intensive therapy delayed the onset and 

progression of long-term complications in individuals with type 1 diabetes (DCCT 

1993). In 1998 the United Kingdom Prospective Diabetes Study (UKPDS) was 

published. This highlighted the importance of both good glucose and blood pressure
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control in the delay and/or prevention o f microvascular complications but not 

definitive for marcovascular complications in type 2 diabetes (UKPDS 1998)

1.2.2 Diagnosis and classification

Diabetes can be diagnosed by a single random glucose o f > 11.1 mmol/L or a fasting 

glucose > 7.0 mmol/L on presentation when associated with clinical symptoms and 

signs. In the absence o f these symptoms two fasting venous blood glucose values > 

7.0 mmol/L or two random values > 11.1 mmol/L also confirm the diagnosis 

(American Diabetes Association 2000, 2004 & 2005; The Expert Committee on the 

Diagnosis and Classification o f Diabetes Mellitus 2003).

The use o f the oral glucose tolerance test (OGTT) was retained to determine 

individuals who had impaired glucose tolerance, highlighting the presence o f a 

disease process progressed far enough to cause hyperglycaemia without fulfilling the 

criteria o f diabetes. Impaired glucose tolerance (IGT) is defined as two hour glucose 

concentration post glucose load > 7.8 mmol/L and <11 .1  mmol/L. Impaired fasting 

glucose tolerance (IFG) is defined as fasting glucose > 6.1 mmol/L and < 7.0 mmol/L 

see figure 1.2.2.1 for interpretation o f oral glucose tolerance test. The OGTT can also 

identify individuals with diabetes who have normal fasting glucose i.e. isolated 

postprandial hyperglycaemia, above IGT concentrations. A follow up report from the 

expert committee redefined the fasting glucose value for IFG to > 5.6 mmol/L 

although WHO did not change recommendations (American Diabetes Association 

2000, 2004 & 2005, The Expert Committee on the Diagnosis and Classification o f 

Diabetes Mellitus 2003, World Health Organisation 1999). A recent report in 2009 by 

an international expert committee appointed by the ADA, European Association for 

the Study o f  Diabetes, and the Intemafional Diabetes Federation has suggested that 

type 2 diabetes can be diagnosed on the basis o f H bA lc measurement. H bA lc 

concentration > 6.5% would be sufficient to diagnose diabetes, repeat H bA lc can be 

used as confirmation, but is not required in symptomatic patients (The International 

Expert Committee 2009).
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Figure 1.2.2.1 Interpretation of the oral glucose tolerance test

The fasting glucose concentration is plotted on the x axis. The 2hr post 75g glucose

load is plotted on the y  axis.

Diabetes mellitus is currently classified into four types (table 1.2.2.2):

1. Type 1 diabetes -

Type 1 diabetes accounts for 5-10% of all patients with diabetes, characterised by beta 

cell destruction caused by an autoimmune process (American Diabetes Association 

2004). The key pathophysiological feature o f type 1 diabetes is a state of insulin 

deficiency so severe as to require insulin replacement (Lemmark 1999). In the 

absence of insulin, diabetic ketoacidotic coma (DKA) develops with fatal 

consequences.
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Markers of immune destruction of beta cells include islet cell autoantibodies, 

autoantibodies to insulin, autoantibodies to glutamic acid decarboxylase (GADes) and 

autoantibodies to the tyrosine phosphatases IA-2 and IA-26. One or more 

autoantibodies are found in 85-90% of all patients. However, some patients usually of 

African or Asian origin have no autoantibodies but similar clinical presentation and 

are described as having an idiopathic form of type 1 diabetes. These patients 

demonstrate varying degrees o f insulin deficiency accompanied by episodic 

ketoacidosis (Expert Committee on the Diagnosis and Classification of Diabetes 

Mellitus 1997, National Diabetes Data Group 1995, Mayfield J 1998, American 

Diabetes Association 2004). There is a group of patients who appear to have “slow 

onset type 1 diabetes”, these patients have an older age on onset, are not insulin 

resistant, do not require immediate insulin treatment but who have autoantibodies 

similar to type 1 diabetes. These patients have been classified informally as having 

type 1.5 diabetes or more formally as latent autoimmune diabetes in adults (LADA) 

(Palmer et al 2005).

2. Type 2 diabetes -

Type 2 diabetes currently accounts for 90-95% of patients diagnosed with diabetes. 

The characteristic feature of type 2 diabetes is a variable degree of insulin resistance 

in peripheral tissue, lack of insulin secretion, or a secretory defect o f the beta cell, and 

increased glucose production. These pathophysiological defects induce a state with 

protean manifestations including a clustering of cardiovascular atherosclerotic risk 

factors associated with hyperglycaemia and glycosuria. This state is less dramatic in 

its clinical presentation than type 1 diabetes.

This disease is more common in women, blacks, Hispanics and Native Americans. 

The aetiology of type 2 diabetes is not completely elucidated; it is multifactorial in 

nature possibly with genetic factors but the behavioural component cannot be 

discounted. Many patients with diabetes are obese and there are strong links between 

obesity and the degree of insulin resistance. It is thought that although some patients 

may not be obese they may have an increased percentage of body fat distributed 

predominantly in the abdominal region (Expert Committee on the Diagnosis and 

Classification of Diabetes Mellitus 1997, National Diabetes Data Group 1995, 

Mayfield J 1998, American Diabetes Association 2004).
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3. Other specific types -

Other specific types of diabetes are associated with monogenetic defects in the beta 

cell which result in genetic defects in insulin secretion and action. Diabetes can be 

induced secondary to pancreatic disease, drugs or toxins, infection, and other genetic 

or immune disorder, - see table 1.2.2.2 (World Health Organisation 1999, American 

Diabetes Association 2005)

4. Gestational diabetes -

Gestational diabetes can be classified in women during pregnancy who develop type 1 

diabetes or undiagnosed asymptomatic type 2 diabetes.

1.2.3 Vascular Complications

The vascular complications of diabetes can be classified into two categories based on 

the lumen of the blood vessels involved:

1. Microvascular complications-

Microvascular complications pre-dominantly affect the tissue microcirculation 

including the capillaries. Retinopathy, nephropathy and neuropathy are the major 

microvascular complications of both type 1 and type 2 diabetes.

Retinopathy is the most common microvascular complication of diabetes and many 

patients with type 2 diabetes have retinopathy at time of diagnosis. This indicates that 

many of these individuals have high blood sugars and diabetes for many years prior to 

detection possibly up to seven years (Fong et al 2004). Diabetic nephropathy is the 

leading cause of renal failure in United States of America (Fowler 2008) and it is 

suggested that as many as 7% of patients presenting with type 2 diabetes already have 

microalbuminuria (Gross et al 2005). Microalbuminuria is defined as persistent small 

amounts of albuminuria in the range of 30-299 mg/24hr not usually detectable by 

conventional methods, which is predictive of the later development of proteinuria in 

type 1 and type 2 diabetic patients (Gross et al 2005, American Diabetes Association 

2008).
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Microvascular complications correlate with the duration and severity of 

hyperglycaemia (Fowler 2008, UKPDS 1998, ADA 2007). The Diabetes Control and 

Complications Trial (DCCT 1993) demonstrated that good glycaemic control led to 

reduced risk of retinopathy, microalbuminuria and albuminuria, and neuropathy in 

type 1 diabetes. Similar effects were demonstrated in earlier smaller

Table 1.2.2.2: World Health Organisation’s classification of diabetes mellitus

1. Type 1 diabetes (beta cell 3. Other specific types

destruction with insulin deficiency) Genetic causes of beta cell malfunction

Type lA  (proven autoimmune (MODY)

aetiology) Genetic causes of defective insulin

Type IB (no demonstrable action (type A insulin resistance)

autoimmunity)

2. Type 2 diabetes variable degree of Secondary to pancreatic disease

insulin deficiency and insulin resistance

(not Ketosis prone) Secondary to endocrine diseases

4. Gestational Diabetes (any form of (acromegaly, Cushing’s)

glucose intolerance first diagnosed

during pregnancy) Secondary to drugs and toxins

Secondary to infection (Congenital

rubella)

Other immune disorders (APECD)

Genetic disorders (e.g. Down syndrome)

trials such as the Stockholm Diabetes Intervention Study (Reichard et al 1988) and the 

Kumamoto study (Shichiri et al 2000). The UKPDS study demonstrated good 

glycaemic control in type 2 diabetes and was associated with a 25% reduction in 

microvascular endpoints (UKPDS 1998). The presence of microvascular
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complications is a strong predictor of CVD (cardiovascular disease) (Avogaro et al 

2007).

2. Macrovascular complications-

Macrovascular complications include large vessel athero-occlusive disease and its 

sequelae, principally coronary artery disease, peripheral vascular disease and stroke. 

Coronary artery disease is the primary cause of death in people with either type 1 or 

type 2 diabetes (Pyrola et al 1987, Geiss et al 1995, Laing et al 2003, Paterson et al 

2007). Diabetes is regarded as a cardiovascular disease equivalent i.e. the risk of heart 

attack for an individual with type 2 diabetes is the same as an individual without 

diabetes who has already had a heart attack (Haffner et al 1998). The Multiple Risk 

Factor Intervention Trial (MRJFIT) data showed a very strong association of diabetes 

with premature coronary artery disease (Stamler et al 1993). This association is so 

strong that diabetes is established as a cardiovascular risk factor (Wilson 1998). Type 

2 diabetes is an independent risk factor and strong predictor for the development of 

ischaemic heart disease, stroke and death (Almdal et al 2004).

Gender appears to play a role in risk analysis, women having higher incidence of 

cardiovascular disease than their male counterparts in the presence of type 2 diabetes 

(Kuusisto et al 1994). In the presence of type 1 diabetes women experience a higher 

mortality from ischaemic heart disease in individuals over forty years of age (Laing et 

al 2003). The San Antonio Heart study also supported the gender difference in the risk 

o f CVD mortality but only in mild or moderate glycaemia (Wei et al 1998)

1.2.4 Economic Impact

Diabetes exerts a major economic burden both on individuals and society at large. 

This burden includes indirect effects on morbidity, employment and productivity and 

premature mortality (Matsushima 1999) and direct effects for the use of health care 

resources (Druss et al 2001, Jonsson 2002, ADA 2003, Brandle et al 2003).

As expected it is the major events that generate the most cost as compared to the early 

stage complications, and whilst they are initially low in cost early stage complications 

can progress to more costly advanced stages (O Brien et al 1998 & 2003). Patients
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with type 2 diabetes and macrovascular disease average three times the cost of 

patients with type 2 diabetes in the absence of macrovascular disease (Gandra et al 

2006). In the first eight years after diagnosis patients with type 2 diabetes incur 

greater cost than in the absence of diabetes (Brown et al 1999). In the Cost of 

Diabetes in EIRE (CODEIRE) study the annual costs for microvascular and 

macrovascular complications was 1.8 and 2.9 times the cost of treating patients 

without evidence of complications respectively (Nolan et al 2006). In Ireland the 

Health Services Executive (HSE) estimated that over 10% of governmental healthcare 

spending is diabetes related and that these costs will increase by up to 25% by 2040 

(Diabetes Expert Advisory Group 2008)

The epidemic nature of diabetes in the world during the first quarter of the 21®‘ 

century will place a major financial burden on the world economy (King et al 1998). 

It is estimated in the United Kingdom that due to population ageing there will 20% 

more cases of type 2 diabetes in 2036 as compared to 2000, presenting a significant 

challenge to the National Health Service (NHS) (Bagust et al 2002). In Ireland it is 

estimated that at least 4.7% of adults have diabetes (diagnosed or undiagnosed) and 

this is predicted to rise to at least 5.6% of the population by 2015 (Ireland and 

Northern Ireland's Population Health Observatory (INIsPHO) 2007).

1.3 Lipoproteins and cardiovascuiar disease

LDL (low density lipoprotein) cholesterol is currently considered the most important 

measurement in a lipid profile (Graham et al 2007, Nordestgaard et al 2009) and the 

primary target for treatment of hypercholesterolemia (Expert panel on Detection, 

Evaluation, and Treatment of High Blood Cholesterol in Adults 2001). Total 

cholesterol is not as effective a predictor of cardiovascular disease as it is the sum of 

all cholesterol not just the cholesterol in the atherogenic lipoproteins (Camena et al 

2004).

The evidence from intervention trials in the reduction of LDL cholesterol have 

consistently shown significant reduction in cardiovascular events (Hodis et al 1994, 

Sever et al 2003, Sacks et al 1996, Shepherd et al 1995, Downs et al 1998, Haffner 

1997, Freeman et al 2001, WOSCOPS 1998). LDL heterogeneity may play a role in
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the atherogenetic nature of LDL particles. Lamarche et al (2001) demonstrated that in 

subjects with a LDL particle size of < 25.6 nm had a 2.2 fold higher risk of ischaemic 

heart disease (IHD) as compared to a LDL particle size of > 25.6 nm, a finding also 

supported by other studies (Austin et al 1998). This may in part be due to increased 

penetration of the arterial intima (Chapman et al 1998). However, Stampfer et al 

(1996) could not prove small dense LDL was in fact an independent risk factor for 

myocardial infarction after adjustment for triglycerides. Small dense LDL may 

undergo modifications increasing its atherogenic potential to oxidised LDL (De Graff 

et al 1991). This is thought to be the key step in atherosclerosis causing foam cell 

generation, endothelial dysfunction and other inflammatory responses (Verhoye et al 

2009).

The Quantimetrix lipoprint™ system allows the resolution of LDL into 7 

subfractions; the more buoyant LDL 1 and 2 subfractions and the sdLDL fractions 3- 

7. This allows for the classification of LDL subfraction analysis results into two 

categories type A (low risk) no small dense LDL present and type non-A (high risk) 

small dense LDL is present (Hoefner et al 2001).

It has been known for many years that HDL (high density lipoprotein) cholesterol is 

the antonym of LDL (Miller et al 1977). HDL has a strong independent inverse 

relationship as a predicator of cardiovascular disease (Assmann et al 1996, Curb et al 

2004, Barter et al 2007). Even in patients with lower LDL-C on statin therapy, the risk 

of coronary events was lower in those patients with higher HDL concentrations 

(Barter et al 2007). Low HDL concentrations is considered a cardiovascular risk 

(Nordestgaard et al 2007), which is increased by 3% in women and 2% in men for 

every 1 mg/dl (0.3 mmol/L) decrease in HDL concentration (Chapman et al 2004). 

The atherogenic protective nature of HDL is associated with its ability to remove 

cholesterol by reverse cholesterol transport and also by other roles such as 

regulation/inhibition of endothelial adhesion molecule expression, endothelial nitric 

oxide synthase and damaging effects of oxidised LDL (Murphy et al 2009). Statins 

may cause small increases in HDL concentrations which may in fact contribute to 

their overall beneficial effects (Me Taggart et al 2008).
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The contribution of triglyceride to overall cardiovascular risk has not been completely 

elucidated. Hulley (1980) originally advised against measuring triglyceride levels or 

considering their concentration in assessing overall cardiac risk. However a number of 

studies have shown that triglyceride can be a strong predictor of cardiac risk 

(Jeppesen et al 1998, WOSCOPS 1998, Stampfer et al 1996, Cullen 2000). The 

question arises is triglyceride the problem or is it the “bad company” that 

accompanies raised triglyceride, i.e. low HDL (Yuan et al 2007). The inverse 

relationship between HDL cholesterol and triglyceride complicates the issue (Bansal 

et al 2007, Gotto 1998). The Framingham Heart Study found triglyceride as an 

independent risk factor in women between the ages of 50 and 69 years (Castelli 1992). 

This was further supported by the PROCAM (Prospective Cardiovascular Munster 

Study) study where after correlation for other risk factors the cardiovascular risk 

increases as triglyceride rises from 2.3 -  9 mmol/L (Assmann et al 1998). Hokansen 

and Austin (1996) in a meta-analysis of patients over 10 years demonstrated an 

increased risk of cardiovascular disease by 32% in men and 76% in women 

independent of HDL levels following a rise of 1 mmol/L, later supported further by a 

similar study (Austin et al 1998). The European guidelines on cardiovascular disease 

suggest fasting triglycerides concentrations > 1.7 mmol/L serves as a marker for 

increased cardiovascular risk (Graham et al 2007). The ADA (2008) recommended 

optimal fasting triglyceride concentration of < 1.7 mmol/L in the presence of type 2 

diabetes.

Yet, certain patients with raised triglycerides do not always develop atherosclerosis. 

For example in familial chylomicronaemia syndrome patients rarely develop 

atherosclerosis (Nordestgaard et al 2007) and other patients with lesser degrees of 

hypertriglyceridaemia (e.g. familial hypertriglyceridaemia, combined hyperlipidaemia 

or the metabolic syndrome) often develop atherosclerosis (Austin et al 2000, Sartic et 

al 2006). This suggests that the role of triglycerides in CVD may be through their 

remnant particles which due to particle size can cross the intima more readily. 

Increased levels o f triglycerides indicate increased levels of the atherogenic 

chylomicron and VLDL (very low density lipoprotein) remnant particles (Zilversmit 

1979). Human cells can degrade triglyceride so therefore it is thought that the 

cholesterol component of the remnant particle that raises the most concerns.
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Remnant-like particle cholesterol represents the cholesterol content of remnant 

particles. These particles are partially catabolised chylomicrons and VLDL particles 

that are reduced in size, partially depleted of triglycerides, and enriched with 

cholesteryl esters (Kugiyama et al 1999) by the action of lipoprotein lipase. These 

particles are rich in apo-E and apo CIII (Marcoux 1998), and have a prolonged 

circulation time due to their delayed clearance (Wintraub et al 1987). Plasma RLP-C 

(remnant like lipoprotein cholesterol) levels, but not total plasma triglyceride levels, 

were an independent risk factor for cardiovascular disease (Imke et al 2000). Ginsberg 

(2001) suggested that accumulation of atherogenic remnant particles occur in elevated 

postprandial triglyceride levels reflecting an even higher peak or delayed clearance.

1.4 Diabetic dyslipidaemia and cardiovascuiar disease

Type 2 diabetes results in an accelerated development o f coronary artery disease with 

a higher incidence of heart failure, myocardial infarction and cardiac death 

(Rosamond et al 1998, Horowitz et al 1993). Men with isolated type 2 diabetes and 

men with isolated cardiovascular disease had similar cardiovascular mortality rates 

several years after initial diagnosis of either condition (Dagenais et al 2009). Absolute 

risk of CVD death was three times higher for men with diabetes than men without 

diabetes in the Multiple Risk Factor Intervention Trial (MRFIT) (Stamler et al 1980). 

The Framingham Heart Study reported a two to three fold increased risk of 

atherosclerotic disease in the presence of type 2 diabetes (Kannel et al 1979). The 

National Health and Nutrition Examination Study (NHANES) assessed the decline in 

coronary heart disease mortality in the USA over the last thirty years and the benefit 

to patients with type 2 diabetes. Diabetic men had a decline in age-adjusted heart 

disease mortality of 13.1% as opposed to 36.4% in their non diabetic counterparts. 

However, in women the decline was 27% in non diabetic women as opposed to an 

increase of 23% in diabetic women (Gu et al 1999). There is a more pronounced risk 

in women as the protective nature of the female phenotype is missing in type 2 

diabetes (Goralski et al 2007, Kannel et al 1979). These observations have led to the 

recognition of diabetes as a coronary heart disease risk equivalent (The Expert panel 

2001).

14



Cholesterol concentrations in type 2 diabetes do not appear to differ from their non 

diabetic counterparts (Kannel 1985, UKPDS 1997). The Heart Protection Study 

demonstrated that lowering cholesterol is beneficial for people with diabetes even if 

they do not have coronary vascular disease or high cholesterol (Heart Protection 

Study Collaborative Group 2003). The Helsinki Heart Study was a five year 

prospective study that showed the incidence of coronary heart events among well 

controlled type 2 diabetic patients who had no evidence o f coronary heart disease at 

the start were significantly higher than their non diabetic counterparts with similar 

cholesterol values (Koskinen et al (1992). The increased risk in diabetes can be 

attributed to a number of factors. Changes in plasma lipid levels are among the key 

factors (Mooradian 2009). Inflammation may play a major role in the atherogenic 

process in type 2 diabetes (Johansen 2007). Anti- inflammatory markers have been 

found to be inversely related to glucose concentrations in patients with coronary 

artery disease (Johansen et al 2006). Inflammation and inflammatory cytokines have 

been postulated to be important additional pathogenic factors in the development of 

insulin resistance and type 2 diabetes (Haffner 2003, Crook 2004).

The lipid pattern in type 2 diabetes shows a consistent pattern of abnormalities and 

has been termed diabetic dyslipidaemia. The key components are raised triglycerides, 

decreased HDL-C, small dense LDL and excessive postprandial lipaemia (Taskinen 

2003). The UKPDS identified diabetic dyslipidaemia as a risk factor for coronary 

heart disease which is the leading cause of mortality worldwide (Turner et al 1998, 

Isomaa et al 2001). Laasko et al (1993) in a seven year follow up study demonstrated 

patients with type 2 diabetes and coronary heart events had higher VLDL- 

triglyceride, VLDL- cholesterol, lower levels of HDL than those patients with type 2 

diabetes who did not have coronary heart events. The lipid and lipoprotein 

abnormalities in type 2 diabetes are closely related to insulin resistance and 

hyperinsulinaemia has been shown to predate the development of diabetes and other 

metabolic abnormalities in type 2 diabetes (Haffner et al 1990).

The Framingham Heart Study demonstrated a significant increase in triglyceride 

concentrations in the presence of type 2 diabetes (Kannel 1985). Lipoproteins 

containing triglycerides can be divided into chylomicrons (derived from the intestine) 

or VLDL (very low density lipoprotein derived from the liver). The major
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apolipoproteins are B48 and BlOO respectively (Taskinen 2003). Taskinen et al 

(1990) divided VLDL into two groups based on density gradient flotation 

ultracentrifugation i.e. VLDLl (Svedberg flotation rate 60-400) and VLDL2 

(Svedberg flotation rate 60-20). The role of insulin in diabetic dyslipidaemia appears 

to be in the regulation of VLDL production. There is an increase of flux of free fatty 

acids to the liver in insulin resistant states such as type 2 diabetes (Gibbons et al 2000, 

Lewis et al 2002). NEFA (non esterified fatty acid) concentrations are raised due to 

adipocyte lipolysis. Normally this will lead to enhanced insulin secretion which will 

cause inhibition o f free fatty acid release. However if glucose is present fatty acid 

oxidation in beta cells is inhibited and long chain acyl co-enzyme A is created 

resulting in decreased insulin secretion (Tan et al 1999). Lipogenesis also occurs in 

hepatocytes and is thought to be as a result of hyperinsulinaemia.

Insulin regulates the expression of sterol regulatory element-binding protein-1 

(SERBP-1). Hyperinsulinaemia states result in increased expression o f SERBP-1, 

upregulation of endogenous lipo-neogenetic enzymes leading to an excess o f available 

triglycerides for lipidation o f the pre-VLDL core (Lewis et al 2002, Shimomura et al 

2000). The lack of inhibition of phospholipase D (PLD) in the hepatocyte 

endoplasmic reticulum leads to unchecked lipidation of the pre-VLDL core and 

release of larger and more triglycerides enriched VLDL-1 particles (Malmstrom et al 

1997). Insulin normally inhibits the assembly and secretion of VLDL by an increase 

in Apo B degradation and a decrease in microsomal transfer protein (MTP) in the 

liver (Chirieac et al 2000, Lin et al 1995). In insulin resistant states the suppression of 

VLDLl does not occur (Bioletto et al 2000, Malmstrom et al 1997).

McEneny et al (2000) reported that type 2 diabetes patients had larger VLDL particles 

than non-diabetic subjects. Taskinen (2003) concluded that VLDL-1 rather than 

VLDL-2 contributed to raised triglyceride in the fasting state in type 2 diabetes. Tkac 

et al (1997) demonstrated an increase in the number of triglyceride rich lipoproteins 

when moving from mild to moderate coronary artery disease in patients with type 2 

diabetes. Changes in the apolipoprotein composition of the circulating VLDL has also 

been documented in type 2 diabetes including increased apo CIII (Gervaise et al 2000) 

which is a marker of slow catabolised triglycerides (Tomiyasu et al 2001). Clearance 

o f chylomicrons or VLDL is by lipoprotein lipase (LPL) or hepatic lipase (HL).
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Activity o f  LPL in type 2 diabetes is frequently low or subnormal (Taskinen 1987). 

This is accompanied by increased HL activity also adding to the increased production 

o f  VLDL (Baynes et al 1991).

This increase in triglyceride levels results in an increase in small dense LDL, 

decreased HDL, and increased remnant particles. VLDL triglyceride is exchanged for 

HDL cholesteryl ester through the action o f  CETP (Cholesteryl ester transfer protein). 

This results in increased concentrations o f  VLDL remnant particles and decreased 

concentrations o f  HDL (Devaraj et al 1996). CETP activity is thought to increase in 

insulin resistant states (Mooradian et al 2008). The constitution o f  HDL is also altered 

in type 2 diabetes with depleted Apo A l concentration and decreased concentrations 

o f  HDL2 (Briones et al 1984, Howard 1994, Taskinen 2001, Laasko et al 1985). It is 

the cholesterol component o f  HDL (HDL cholesterol) that is routinely measured in 

clinical laboratories. Exchange with VLDL triglyceride w ill result in decreased HDL- 

C measurements (Goldberg 2001). A lso, increased triglyceride content in HDL is 

inversely related to LPL activity (Durrington 2003), thus increasing HDL triglyceride 

content. This results in more rapid conversion to free fatty acids resulting in smaller 

particles cleared more rapidly (Horowitz et al 1993). A number o f  studies to show the 

effectiveness o f  treatment o f  low HDL have resulted in conflicting findings. The HDL 

Intervention Trial (HIT) demonstrated a 22% reduction in the risk o f  coronary heart 

disease on gemfibrozil therapy (Rubins et al 1999). A  similar outcome was 

demonstrated in the Helsinki Heart Study (Frick et al 1987). The FIELD study 

(Fenofibrate Intervention and Event Lowering in Diabetes) failed to demonstrate a 

significant decrease in risk o f  cardiovascular events with the use o f  fenofibrate (Keech 

et al 2005).

Increased small dense LDL is also a result o f  increased triglyceride exchange between 

VLDL triglyceride and LDL cholesteryl esters. The latter undergoes hydrolysis by HL 

or LPL resulting in the formation o f  a smaller denser particle. The concentration o f  

triglyceride (particularly VLDL-1) is the most important determinant o f  LDL size 

(Packard et al 2000, Rainwater 2000, Feinglod et al 1992). Taskinen (2003) has 

suggested this may also be due not only to triglyceride levels in insulin resistant states 

but decreased lipolysis, increased levels o f  hepatic lipase and long residence time o f  

VLDL-1 particles in circulation. Small dense LDL is present in normal or subnormal
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LDL concentrations or in the absence of hyperiipidaemia in type 2 diabetes 

(Sniderman et al 2001, Tilly-Kiesi et al 1992, Feingold et al 1992). This propensity 

for small dense particle size is even more obvious in women with type 2 diabetes 

(Haffner et al 1994). Small dense LDL is linked to increased cardiovascular risk 

(Austin et al 1998, Lamarche et al 2001) and may be a determinant of endothelial 

function in type 2 diabetes (Tan et al 1999, Makimattila et al 1999). Oxidative stress 

is thought to play a crucial role in diabetes atherogenicity (Witzsum et al 1991, 

Devaraj et al 1996). Small dense LDL is thought to be oxidised more readily 

(Goldberg 2001). This oxidised form of small dense LDL does not interact with LDL 

receptors but is thought to be picked up by scavenger receptors on macrophages 

contributing to foam cell formation (Fonseca et al 2004).

Finally as VLDL triglyceride is exchanged with HDL and LDL resulting in decreased 

concentrations of HDL and small dense LDL there is also an increase in the 

atherogenic cholesterol-rich VLDL remnant particles. Elevated fasting plasma RLP-C 

(remnant like lipoprotein cholesterol) concentrations have been found more frequently 

in individuals with insulin resistance than in healthy subjects. Moreover, in a multiple 

regression analysis, the HOMA ratio (an index of insulin resistance) was closely 

related to plasma RLP-C levels (Onishi et al 2002, Saito et al 2002).

A number of studies have suggested that both fasting and postprandial plasma RLP-C 

levels were elevated in type 2 diabetes (Hirano et al 2001, Hirany et al 2000). Women 

with type 2 diabetes have higher fasting and postprandial RLP levels.

1.5 Hyperglycaemia and cardiovascular disease

The contribution of hyperglycaemia to microvascular events remains unquestioned. 

However, the contribution of hyperglycaemia to cardiovascular disease is a debate 

that continues to rage. Hyperglycaemia is the diagnostic feature for diabetes and the 

target for anti-diabetic therapy (Bianchi et al 2008). Yet the expected yield of 

improved glycaemic control has not been always achieved. The UKPDS showed a
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reduction in HbAlc from 7.9 - 7% did not result in a reduction in cardiovascular 

events (1998). The latest major studies including ADVANCE (Action in Diabetes and 

Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation 

(2008) and ACCORD (The Action to Control Cardiovascular Risk in Diabetes Study 

Group 2008) failed to show a significant improvement in cardiovascular risk with 

intensive glucose control. In fact ACCORD demonstrated that intensive glycaemic 

control introduced a significantly increased risk of death from cardiovascular causes, 

a conclusion further supported by the Veterans Affairs Diabetes Feasibility Trial 

(Abriara et al 1997). A meta-analysis of studies showed intensive treatment reducing 

HbAlc by 0.9% significantly reduced the incidence of cardiovascular events and 

myocardial infarction but not stroke. However this meta-analysis did show that the 

incidence of severe hypoglycaemia was associated with an increased risk of 

cardiovascular death (Manucci et al 2009). A number o f epidemiology studies have 

demonstrated an association between improved glycaemic control and reduced 

macrovascular risk (Moss et al 1994, Selvin et al 2004). Selvin et al (2004) showed in 

a meta-analysis after adjustment for other factors that an increase of 1% in HbAlc is 

associated with an 18% risk of cardiovascular disease. Other studies showed such an 

increase is associated with an increased risk of death (Stratton et al 2000, Gerstein et 

al 2005). Yamell et al (1999) demonstrated an increased risk of ischaemic heart 

disease with increasing levels of glucose.

Postprandial hyperglycaemia appeared to yield more promising results. The Hoorn (de 

Vegt et al 1999), Honolulu (Donahue et al 1997) and DECODE (the DECODE Study 

Group 1999) studies all show one hour postprandial glucose after an oral glucose 

tolerance test is a powerful predictor of cardiovascular risk. A meta-analysis of 20 

studies with more than 95,000 individuals revealed a continuous linear relationship 

between post load glucose and cardiovascular mortality (Coutinho et al 1999). 

Tushizen et al (2005) questioned the validity of some studies. Although there has 

been a large body of evidence suggesting the involvement of post load glucose in 

macrovascular disease in diabetes, most o f these studies have not accounted for the 

influence of the coexistence of the traditional cardiovascular risk markers like 

dyslipidaemia and hypertension. The Framingham Off-Spring study demonstrated a 

considerable attenuation between the association of cardiovascular mortality risk and
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hyperglycaemia once the conventional markers of cardiovascular risk were accounted 

for (Meigs et al 2002).

An interesting concept in glucose control is a possible delayed or legacy effect (Goh 

et al 2008, Soldatos et al 2008). A number of studies have highlighted the emergence 

of macrovascular risk reduction from earlier improved glycaemic control after follow 

up (Nathan et al 2005, Holman et al 2008, Gaede et al 2008). Goh et al (2008) 

postulated that it may be due to the accumulation o f intracellular advanced glycation 

end products, which are subsequently degraded with intensive therapy.

How does hyperglycaemia possibly cause cardiovascular damage? Four putative 

pathways have been put forward; (i) enhanced polyol activity, (ii) advanced glycation 

end products, (iii) activation of protein kinase C and (iv) increased hexokinase 

pathway flux (Brownlee 2001, Cerillo 2004, Celleto et al 1999, Giugliano et al 2008).

On balance the evidence for hyperglycaemia as an independent marker of 

cardiovascular risk is available although whether there is evidence that 

hyperglycaemia may present a target for reducing cardiovascular risk is not so 

convincing. It appears that both fasting and post load hyperglycaemia denote the 

presence of excess cardiovascular risk. These parameters reflect the presence of 

underlying insulin resistance and the associated unfavourable atherogenic lipid 

profile, which may have a more causal role.

1.6 Insulin and cardiovascular disease

Hyperinsulinaemia is frequently used as a surrogate marker for underlying insulin 

resistance and a marker o f atherosclerosis (Pyorola 1979, Welbom et al 1979, 

Ducimentiere et al 1980). The Quebec Heart Study (Depres et al 1996) demonstrated 

that fasting insulin concentration was an independent predictor of ischaemic heart 

disease in men after adjustment for systolic blood pressure, family history of 

ischaemic heart disease, plasma triglyceride, apolipoprotein B, LDL cholesterol, and 

HDL cholesterol concentrations. Fasting insulin was 18% higher in men who had an 

ischaemic event compared to men who did not. The Helsinki Policeman Study 

demonstrated that hyperinsulinaemia predicted coronary heart disease in Helsinki
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policeman over a 22-year follow up. This was largely independent o f other coronary 

heart disease risk factors to a large extent, but this diminished with extended time 

(Pyorola et al 1998). The Paris Prospective study showed a significant relationship 

between hyperinsulinaemia and coronary artery disease (Fonntbonne et al 1991). This 

was further supported by a number o f other studies (Ruige et al 1998, Folsom et al 

1997, Salomaa et al 1995, Oterdoom et al 2009).

If  insulin is atherogenic why treat patients with insulin? Is it not ju st a feature o f 

insulin resistance? Normally insulin would have an anti-atherogenic role such as 

vascular cell growth, NO (nitric oxide) production, suppressive effect on hormone 

sensitive lipase, stimulation o f LPL activity, glucose uptake and free fatty acid 

esterification (Fonseca et al 2004, Lewis et al 2002, Fernandez-Real et al 2003). 

Abnormal action and imbalances in insulin concentration may result in a loss o f anti

atherogenic properties (Fonseca et al 2004). Hyperinsulinaemia rarely exists in 

isolation from insulin resistance. Kim et al (2008) demonstrated a significant 

correlation between insulin response and insulin resistance. Ferrannini et al (2007), in 

a large European population study found insulin sensitivity and insulin response to be 

closely related. Nevertheless, it is important to recognize that the relationship between 

IR (insulin resistance) and plasma insulin may not be linear (Perry et al 1996), and 

some studies have been negative (Welin et al 1992). A meta-analysis, however, 

cautioned that the association was somewhat weak, although statistically significant 

(Ruige et al 1997). In a recent study o f type 2 diabetes insulin resistance and not 

hyperinsulinaemia was independently associated with carotid atherosclerosis (Park et 

al 2008). Insulin resistance is thought to result from defects in signalling pathways, 

decreased insulin receptor expression, decreased phosphoinositide 3-kinase activity 

and decreased insulin signalling in skeletal muscle and liver (Avramoglu et al 2003).

The difficulty with insulin resistance may be in the ability to measure or quantify it. A 

number o f studies used difficult experimental techniques to determine insulin 

sensitivity or resistance. Insulin resistance as calculated by the HOMA-IR 

(homeostasis model assessment o f insulin resistance) formula involves the use o f 

fasting insulin and glucose concentrations i.e. [Fasting insulin * Fasting glucose]/ 

22.5. Matthews et al (1985) demonstrated that HOM A-IR highly correlated with 

insulin resistance as calculated by the euglycaemic-hyperinsulinaemic clamp.
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Ginsberg (2000) described insulin resistance as a major underlying abnormality 

driving cardiovascular disease. Although insulin resistance is a strong predicator of 

cardiovascular disease it is rarely the only contributor and usually presents with other 

risk factors. Gerald Reaven first introduced the “insulin resistance syndrome” (IRS) or 

“metabolic syndrome” as a concept highlighting the clustering of several 

cardiovascular risk factors i.e. low HDL, increased triglycerides, increased blood 

pressure, obesity, hyperinsulinaemia and impaired glucose response (Reaven 1988, 

1992, 2005). hisulin resistance is thought to be an important biological response to 

insulin itself (Mac Farlane et al 2001) and the insulin resistance syndrome predates 

the development of type 2 diabetes (Haffner 1996, Huan et al 2009). Prospective 

studies have shown that type 2 diabetes occurs once the pancreatic beta cells fail to 

compensate for the insulin resistant state.

Obesity is frequently associated with several of the components of the IRS and insulin 

resistance is very common in obese people. Yet some non-obese individuals also 

demonstrate hallmarks of IRS (Ruderman et al 1998). Reaven et al (2004) concluded 

that obesity along with physical inactivity can account for on average 50% of the 

inability of insulin mediated glucose disposal in non-diabetic normotensive 

individuals. Obesity and insulin resistance is largely due to the changes in the fianction 

of adipose tissue, including increased fatty acid release and adipokine secretion 

(Anuurad et al 2008). The inability of insulin resistant adipocytes to store triglycerides 

will result in an increased fatty acid flux and increased secretion of VLDL, leading to 

the development of the characteristic diabetic dyslipidaemia described earlier.

Visceral adipose tissue is now recognized to be a significant endocrine organ secreting 

a variety of hormones and cytokines (Rimm et al 1995). Inflammation and 

inflammatory cytokines have been postulated to be important factors in the 

development of insulin resistance and type 2 diabetes (Crook 2004, Haffner 2003). 

Studies show a close relationship between obesity and circulating CRP (C reactive 

protein), TNF (tumour necrosis factor), and IL-6 (interleukin 6), and some of these 

cytokines are predictors of cardiovascular disease (Koenig et al 1999, Mendall et al 

1996, Liu et al 2005, Kriketos et al 2004). Data suggest that some of these cytokines 

arising from adipose tissue may be partly responsible for the metabolic.
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haemodynamic, and haemostatic abnormalities associated with IR (Tracy 1998, 

Fernandez-Real et al 2003).

Insulin resistance plays a major role in cardiovascular disease and development of 

type 2 diabetes but cannot be taken in isolation. It must be considered as part o f an 

accompanying cluster o f other factors determining the cardiovascular risk.

7.7 Postprandial phase

1.7.1 Normal Postprandial response

The postprandial phase is defined as a physiological state after food ingestion 

involving absorption, transport and assimilation o f ingested nutrients. This phase 

usually lasts 6-8 hours in normal humans. With the exception o f the first meal in the 

morning most meals are consumed before plasma triglycerides are returned to 

baseline (Lopez-Miranda et al 2007, Rakhorskaya et al 2006).

A study o f the lipid profile during the fasting phase assesses the endogenous phase o f 

lipid metabolism whereas studies o f the postprandial phase are essentially, although 

not completely, looking at the exogenous lipid metabolism phase. Figure 1.7.1 

outlines the postprandial phase. Most o f the circulating triglycerides exist in two very 

similar sized families o f particles -  the apolipoprotein B48 rich chylomicrons 

synthesised by the intestine and apolipoprotein BlOO rich VLDL synthesised by the 

liver (Young 1990).

Ingested fat is re-synthesised in the gut mucosa to form large lipid rich chylomicron 

particles. Apo-B48 from the enterocyte is essential for the secretion o f these particles 

from the enterocyte (Avramoglu et al 2003). After absorption these particles form a 

lipaemic lymph suspension called chyle, which is carried in the thoracic duct and 

enters the circulation where it rapidly acquires apo-CII and apo-E from HDL 

(Santamarina-Fojo 1992). The apo-C II is essential for recognition o f the particles by 

the enzyme lipoprotein lipase (LPL) in the peripheral circulation. LPL rapidly 

hydrolyses the triglyceride content o f these particles which is taken up by muscle and
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adipose cells (Tushuizen et al 2005). The delipidated remnant chylomicrons are 

smaller in size and contain apo-E and apo-B48.
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Figure 1.7.1 Schematic representation of postprandial response (Tushuizen et al 2005) 

Posgrad. Med. J. 81 (951): 1-6.

HL -  hepatic lipase, FA-fatty acids, LPL- lipoprotein lipase, TRL- triglyceride rich 

lipoprotein, IDL- intermediate density lipoprotein, CETP- Cholesteryl ester transfer 

protein, RLP-remnant like lipoprotein, LDL- low density lipoprotein, HDL- high 

density lipoprotein.

Remnant particles are cleared from the circulation mainly by the liver. This clearance 

is initially by ion charge mediated entrapment in the spaces of Disse. Thereafter apo-E 

mediated internalisation of these particles into the hepatocytes occurs. Thus, this fat is 

stored in the hepatocyte for release during the fasting state (Gregg et al 1998).

For 6-8 hours after a meal there is a progressive clearance of ingested fat and 

circulating chylomicrons. The liver converts stored fatty acids into apo-BlOO rich 

lipoprotein particles called VLDL to meet the fasting metabolic demands of the 

peripheral tissues. Circulating VLDL also contains apo-CII and is taken up by the
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tissue lipoprotein lipase. Both chylomicrons and VLDL have a very similar fate 

(Brown et al 1986). Chylomicrons, VLDL and their remnants are referred to as 

triglyceride rich lipoproteins (TRL) (Tushuizen et al 2005). Insulin action in the 

postprandial phase suppresses lipolysis in adipose tissue and production o f VLDL by 

the liver. Alterations in the secretion or action o f insulin have profound effects on the 

postprandial phase.

Zilversmit postulated that atherosclerosis was a postprandial phenomenon in 1979. 

There has been growing evidence to support this claim. Nordestgaard et al (2007) 

after a twenty six year follow-up o f 7587 women and 6394 men demonstrated that 

non-fasting triglycerides significantly predicted future vascular events such as 

myocardial infarction, ischaemic heart disease and total mortality both in women and 

men. The highest risk was seen in patients with postprandial triglyceride levels > 5.0 

mmol/L. The W om en’s Health Study highlighted non-fasting triglycerides as a more 

potent predictor o f vascular events than fasting triglycerides after adjustment for total 

cholesterol or HDL (Bansal et al 2007). Further evidence o f the potency o f non fasting 

triglycerides was highlighted in the Asia Pacific Cohort Study (Asia Pacific Cohort 

Studies Collaboration 2004).

A number o f studies have highlighted the abnormal postprandial response seen in 

coronary artery disease (CAD) (Groot et al 1991, Patsch et al 1992, Stamler et al 

1996, Shanker et al 2008). Patsch et al (1992) demonstrated that a single postprandial 

measurement at 6 and 8 hours were highly discriminatory and displayed an accuracy 

o f 68% by logistic regression in predicting the presence and absence o f coronary 

artery disease. The presence o f increased levels o f remnant particles should also be 

considered. For example the Montreal Heart Study (Philips et al 1993) showed that 

progression o f atherosclerosis can be predicted by TRL (triglyceride rich lipoproteins) 

remnants. Additional evidence for a relationship between postprandial increase in 

plasma RLP-C and endothelial fiinction was observed in a small study by W ilmink et 

al, (2001) wherein the increase in plasma RLP-C and decrease in endothelial function 

were attenuated by short-term statin treatment, independently o f differences in plasma 

triglycerides and cholesterol. Schaefer et al (2001) demonstrated higher fasting RLP- 

C and RLP-TG (triglyceride) in patients with CAD as opposed to controls but the 

percentage difference in the postprandial phase was not significant.
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Historically fasting triglyceride levels were measured primarily because of the 

changes postprandially and to ensure that the concentrations met the criteria for the 

required LDL calculation (Ridker 2008). Langsted et al (2008) following analysis of 

patients from the Copenhagen General Population Study and Copenhagen Heart Study 

suggested that non fasting lipids, lipoproteins and apolipoproteins differ minimally 

from levels in the fasting state as the average person would not consume the amount 

o f fat generally that is present in a fat tolerance test. Yet a single measurement of 

fasting triglyceride might not reveal an undetected fat intolerance that is linked to 

coronary artery disease, whereas measurement at postprandial time points might 

(Karpe 1999).

1.7.2 Insulin resistance and the postprandial response

Insulin action is an important control on the postprandial phase and in insulin resistant 

states the action of insulin on fatty acid metabolism and hepatic secretion o f VLDL is 

impaired (Taskinen 2002). Regulation of adipose tissue LPL is significantly affected 

in the postprandial period in insulin resistant states (Panarotto et al 2002). There is an 

increase in postprandial response in insulin resistant states (Harbis et al 2001, Mayer 

et al 1997) and fasting insulin correlates with the degree of postprandial lipaemia in 

men and women (Couillard et al 1998, Mekki et al 1999). Jeppesen et al (1995) 

demonstrated that the postprandial lipid response was determined by insulin 

sensitivity, a finding supported by Boquist et al (2000). These studies showed that 

insulin postprandially also correlated to VLDL and chylomicron remnants. Insulin is a 

potent stimulator of the LDL receptor expression required for remnant clearance 

(Wade et al 1988).

It has been postulated that insulin resistance may be a postprandial phenomenon 

linked to dietary fat metabolism (Pedrini et al 2006). A number of small studies 

showed that meal content was an important determinant of insulin response (Lopez et 

al 2008, Greenfield et al 2007).
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1.7.3 Obesity and the postprandial response

Obesity is associated with a magnified triglyceride postprandial response (Couillard et 

al 1998, van Hees et al 2008, Lewis et al 1990, Mamo et al 2001, James et al 2003). 

Abdominal obesity is a major contributor to this postprandial response.

De Ferraniti et al (2008) concluded that energy imbalance is the root cause o f obesity, 

which results in excess calories consumed and then stored in the form o f triglyceride 

stores in adipocytes. Abdominal adipose tissue is an important supplier o f NEFA to 

the circulation, resulting in increased flux to the liver and leading to elevated VLDL 

production (Basu et al 2001). Also, the build up o f fatty acids in tissues such as 

skeletal muscle, heart and pancreatic beta-cells, results in decreased expression of 

insulin receptors, followed by increased insulin secretion resulting in the now 

infamous insulin resistant state, leading to increased lipolysis and a complete circular 

effect (Schaeffer 2003).

Visceral abdominal fat has been significantly associated with high postprandial TRL 

apo B48, apo BlOO (Couillard et al 2002) and RLP-C (Chan et al 2002). Mekki et al 

(1999) suggested that abdominal obesity can give rise to abnonnal patterns in the 

postprandial phase in the absence o f raised fasting concentrations o f triacylglycerol.

Adipocytes produce adipokines which includes adiponectin, leptin, resistin and 

ghrelin which have a direct impact on energy use and production (de Ferraniti 2008). 

These adipokines have adverse effects. Leptin and resistin increase TNFa (tumour 

necrosis alpha) and IL-6, as opposed to adiponectin which inhibits TNFa synthesis 

and action. TN Fa increases lipolysis and decreases LPL activity (Tilg et al 2006), and 

IL-6 m ay be responsible for the increased CRP associated with excess adipocytes 

(Park et al 2005).

1.7.4 Type 2 diabetes and the postprandial response

Postprandial fat intolerance is a well documented abnormality in type 2 diabetes 

(Ginsberg et al 2001, Karpe 1999). The postprandial response is much greater in type
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2 diabetes (Syvanne et al 1997, Rivellese et al 2004, Madhu et al 2005) even when 

compared to patients with IGT or IFG (Madhu et al 2009). The peak triglyceride 

levels are higher and remain for longer in type 2 diabetes (Curtin et al 1996).

A raised fasting triglyceride concentration is not a prerequisite for an abnormal 

postprandial response in type 2 diabetes. Significant numbers of patients with normal 

fasting triglyceride have postprandial triglyceridaemia (Nimitphong et al 2008). 

lovine et al (2004) found that optimal fasting triglyceride concentrations were not 

always a good predictor, as type 2 diabetic patients had postprandial concentrations 

above optimal concentrations for several hours after a meal and this may be an 

independent risk factor for atherosclerosis in type 2 diabetes (Teno et al 2000).

Carstensen et al (2004) demonstrated a higher postprandial triglyceride response in 

type 2 diabetic males with previous MI as compared to type 2 diabetic patients 

without previous MI. Syvanne et al (1994) found no difference between diabetic 

patients postprandial triglyceride response in the presence or absence of coronary 

artery disease. This was further supported by Reyes-Soffer et al (2009) who 

concluded that postprandial triglyceride concentrations does not predict CAD in type 

2 diabetes. However, Mero et al (2000) found the postprandial excursions of apo B48 

and B 100 to be higher in the presence o f more severe CAD. Schindhelm et al (2007) 

demonstrated an increase in oxidised LDL to LDL cholesterol ratio after a fat rich 

meal in type 2 diabetes that correlated with postprandial triglyceride. Carotid intima 

thickness increases with postprandial triglyceride concentrations > 2.27 mmol/L 

(Teno et al 2000).

The increased supply of FFA attributed in part to increased weight (Carpentier 2008) 

contributes to the overproduction of VLDL in type 2 diabetes. This is further 

aggravated by a decrease in LPL activity. Eriksson et al (2003) in a small study 

highlighted a lower postprandial LPL activity in tj^e  2 diabetes which was inversely 

associated with HOMA-IR and postprandial triglycerides. The contribution of obesity 

together with type 2 diabetes demonstrated lower LPL activity than obesity alone 

(Annuzzi et al 2008). The decrease in HDL concentration following a high fat meal 

can be correlated with visceral obesity in type 2 diabetes (Coutinho et al 2008). These
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increased postprandial triglyceride excursions as expected lead to an increase in 

postprandial levels o f remnant particles (Saito et al 2002, Hirany et al 2000).

1.7.5 Assessment of postprandial phase

At present there is no agreed standardised oral fat tolerance test that has been used 

consistently. The range o f meals used includes mixed meals (Tan et al 2005), meals 

containing components o f Me Donald’s menu (Marcoux et al 2000), liquid shakes 

(Ooi et al 2001), to amount o f fat included in meal based on calculations o f surface 

area o f participants (Ai et al 2001) to various degrees o f fat (Dubois et al 1998). This 

results in difficulty in direct comparison between published studies (Eleftheriadou et 

al 2008). There is no doubt that during an average day people eat varying size meals 

with varying contents depending on culture, season and time o f  day. Therefore in an 

average day there is not a definable standardised meal, so that this will need to be 

defined for each study (Lairon et al 2007). The content o f the meal must be such that 

it will elicit a response. Fat content o f a meal is known to affect postprandial 

triglyceride concentrations (Dubois et al 1998, Cohen et al 1988). Mohanlal and 

Holmann (2004) have proposed a standard oral fat tolerance test consisting o f a 200 

ml strawberry flavoured drink with 50g carbohydrate and 50g fat. However whether a 

meal like this is reflective o f normal eating behaviour, digestion and absorption is 

questionable.

The optimum length o f time o f a postprandial challenge also remains uncertain. Some 

studies have employed a six hour challenge, since this has proved necessary for 

triglyceridaemia to return to normal in participating subjects (Dubois et al 1998, 

Lopez-Miranda et al 2007, Lairon et al 2007, Lewis et al 1991). This time line may 

need to be extended in patients with known triglyceride disturbances.

At completion o f the challenge appropriate techniques are required for assessment of 

changes in analytes during the postprandial period. The area under the curve is an 

acceptable way o f assessing the overall variation o f a given parameter during the 

follow up period o f a study (Lairon et al 2007). Again the calculation o f area under
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the curve can employ many techniques such as trapezoidal rule, integration, 

Simpson’s 1/3 rule (Liengme B 2009).

One of the difficulties in assessing the postprandial phase is the determination of the 

contribution of intestinally derived lipoproteins to the overall hypertriglyceridaemia. 

The principal methods to determine the concentration of apo B48 are SDS-PAGE, 

immunoblotting and ELISA (Jackson & Williams 2004). Some methods involve the 

separation of chylomicrons from other lipoproteins by ultracentrifugation. The 

development of a novel ELISA assay which allows the measurement of apo B48 in 

human serum may aid in the standardisation of apo B48 measurement (Knoshita et al 

2005, Otokozama et al 2009, Sakai et al 2003).

There is little dispute as to the benefit of postprandial triglyceride measurement. 

Because there is such variability in postprandial assessment, it has not been decided 

whether a random triglyceride measurement would suffice as compared to an oral fat 

tolerance test.

Ridker (2008) suggested that either approach might suffice. Measurement of a 

random triglyceride concentration is based on the assumption that most of the day is 

spent in the postprandial phase. The use of a standard oral fat tolerance test seeks to 

replicate a normal meal.

However, a note of caution was highlighted by Wamick et al (2008) on the impact of 

either suggested triglyceride measurement, on laboratory measurements such as LDL- 

C calculation, HDL-C or other lipoprotein measurements. Also it will be necessary to 

determine acceptable limits or reference ranges for either approach employed.
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1.7.6 Other possible contributing factors to tlie postprandial 

response

1.7.6.1 Gender

The incidence o f atherosclerotic diseases is low in premenopausal women, and rises in 

post menopausal women (Kalin et al 1990). This may in part be assigned to the 

change in honnone profile. Oestrogens are potent LDL receptor up regulating agents 

(Parini et al 1997) which may result in elevated LDL concentrations observed in post 

menopausal women (Abbey et al 1999). Men and women are known to have 

differences in their fasting lipid profiles (Godsland et al 1987) with men having a less 

favourable profile (The Expert Panel 2001). HDL concentrations are higher in women 

than men (Roeters van Lennep et al 2002, Kolovou et al 2008).

A number of studies highlighted a greater postprandial triglyceride response in men 

than women (Sharrett et al 2001, Castro Cabezes et al 2001) with delayed clearance 

(Kolovou et al 2006). Kovar et al (2000) demonstrated that men had a higher 

postprandial response when on a high fat diet but that no difference was seen when 

subjects were on a low fat diet. Coulliard et al (1999) showed that when men and 

women are matched for visceral obesity the postprandial difference in triglyceride 

response was eliminated.

Type 2 diabetes has a greater impact in women than men on the lipoprotein phenotype 

and cardiovascular disease (Lopez-Miranda et al 2007). Laasko et al (1995) suggested 

that women with diabetes suffer from a CAD risk eight times higher than the general 

population, while the factor for men in a similar age cohort appears to be only three. 

This was supported fiirther by a meta-analysis (Lee et al 2000) which proposed a 

relative risk of 2.58 in women compared to 1.85 in men with type 2 diabetes as 

compared to a non-diabetic cohort.

Masding et al (2003) in a small study demonstrated the loss of the “premenopausal 

advantage” in the clearance of dietary lipids in women with type 2 diabetes. There is a 

greater proportion of small dense LDL in women with type 2 diabetes than men 

(Howard et al 2000) and a greater concentration of RLP-C (Schaefer et al 2002).
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1.7.6.2 Apolipoprotein E genotype

The apolipoprotein E (apo E) molecule is a 34 kD protein, consisting o f 299 amino 

acids (Rail et al 1982). Apo E is a component of chylomicrons, VLDL, HDL and 

remnant particles in the human plasma and plays an important role in the metabolism 

of TRLs by mediating their clearance by the liver. Apo E mediated uptake of 

lipoprotein particles is via the LDL receptor and the LDL receptor related peptide.

The three common alleles of apo E are E2, E3 and E4. They are co-dominantly 

inherited in a mendelian pattern to give rise to six apolipoprotein genotypes E2/E2, 

E3/E3, E4/E4, E2/E3, E3/E4, E2/E4 (Mahley 1988). The apo E isoforms differ in 

their receptor binding properties, leading to fianctional differences (Weisgraber et al 

1985, Weisgraber 1994). The apo E4 allele is associated with increased concentrations 

of LDL-C and total cholesterol. The apo E2 allele is associated with decreased 

concentrations of LDL-C and total cholesterol (Mahley & Rail 2000).

The presence of two apo-E2 alleles is found in some healthy individuals but also in 

hyperlipoproteinaemia type III (HLPIII), which presents with high total cholesterol, 

variable normal to high LDL and raised triglycerides. It is associated with premature 

atherosclerosis, tendinous xanthomata and arcus senilis. In its extreme form it can 

trigger acute pancreatitis (Ghisseli et al 1981). Yet less than 10% of apo E2 

homozygotes develop the hyperlipidaemia; despite the invariable presence of B- 

VLDL, most apo E2 homozygotes are either normolipidaemic or even 

hypocholesterolaemic. Therefore additional environmental, genetic or hormonal 

factors are required to precipitate the disease (Mahley et al 1999). The manifestations 

of familial HLPIII are variable and can be exacerbated by the presence o f diabetes, 

obesity, and oestrogen deficiency (Hazzard et al 1981). The characteristic IDL band 

on electrophoresis led to the name “broad beta disease” for this condition.

In a meta-analysis of studies between 1970 -  2007 with 86,067 participants, the 

presence of an E2 allele results in lower concentrations of LDL-C. In extreme cases, 

LDL-C concentration was 1.4 mmol/L lower in E2/E2 than in E4/E4 participants. E2 

carriers had a 20% lower risk o f coronary heart disease when compared with E3/E3 

(Bennet et al 2007). An earlier meta-analysis of 48 studies demonstrated that carriers
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of the E4 allele compared to E3 had a 42% higher risk for coronary heart disease. The 

E2 allele demonstrated no significant association (Song et al 2004). Minihane et al 

(2007) concluded that the variation in LDL-C removal contributed to increased 

hepatic receptor mediated LDL-C removal and decreased conversion of VLDL to 

LDL-C in E2. The opposite case for the E4 allele.

The most recent prospective study published in 2009 presented surprising results. This 

study concluded that coronary heart disease was not associated with the apo E 

genotype after controlling for a variety of risk factors including the ratio of LDL-C to 

HDL-C. Relative to E3/E3, carriers of the E2 allele tended to have decreased levels of 

LDL-C and apo E. E4 carriers tended to have decreased apo E and increased HDL-C 

(Ward et al 2009).

The evidence for the contribution of apo-E polymorphisms to postprandial lipaemia is 

conflicting. A number of studies have highlighted a role for the apo E4 and E2 allele 

(Dallongeville 1999, Dart et al 1997, Imari et al 1988, Reznik et al 2002) in the 

postprandial triglyceride response, some associated with the male sex only 

(Kobayashi et al 2001, Elosva et al 2003). Cardona et al (2005) demonstrated that 

patients with the metabolic syndrome who do have the apo E3/E3 genotype had a 

greater risk of postprandial hypertriglyceridaemia after a fat load. However other 

studies failed to demonstrate such a relationship (Syvanne et al 1994, Boerwinkle et al 

1994). This clearly indicates the requirement for more investigative work in this area.
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1.8 Treatment of type 2 diabetes

1.8.1 Lifestyle intervention

Lifestyle modification is considered a cornerstone in the treatment o f type 2 diabetes. 

The benefits o f lifestyle modification in the prevention o f type 2 diabetes have been 

demonstrated in the Diabetes Prevention Program (Diabetes Prevention Program 

Research Group 2002). Lifestyle intervention reduced the incidence o f diabetes by 

58% as opposed to 31% by treatment with metformin. Similar effects were 

demonstrated in studies from Finland (Tuomilehto et al 2001) and China (Pan et al 

1997). The Kuppio Ischaemic Heart Disease Risk Factor Study demonstrated that 

participants were less likely to develop metabolic syndrome if  engaging in regular 

moderate and particularly vigorous physical activity (Laaksonen et al 2002).

Moderate weight loss in the presence o f type 2 diabetes leads to improvement in 

triglyceride concentrations, increased HDL-C concentrations and increased 

concentrations o f more buoyant LDL accompanied by improved insulin sensitivity 

(Bosello et al 1997, Maggio et al 2003). Dixon et al (2008) demonstrated remission o f 

type 2 diabetes in 73% o f subjects treated by gastric banding as opposed 13% of 

subjects treated by conventional therapy. W eight loss in overweight and obese 

subjects with type 2 diabetes was associated with a decrease o f approximately 25% in 

all cause mortality (Aucott 2008). Intensive lifestyle modification in type 2 diabetes 

may result in reduced intima media thickness (Kim et al 2006).

Unhealthy diets and lack o f  physical activity have contributed to the increase o f 

obesity and type 2 diabetes prevalence (Esposito et al 2006). In the Look AHEAD 

study (Look AHEAD research group 2007) demonstrated a greater improvement in 

cardiovascular risk factors with intensive lifestyle modification with hypo calorific 

low fat diet and increased physical exercise. A recent meta-analysis indicated that 

H bA lc, fasting plasma glucose and triglycerides improved with lower carbohydrate 

diets (Kirk et al 2008). Low carbohydrate diet has been shown to result in greater 

decreases in triglyceride and increases in HDL-C and LDL-C as opposed to isocaloric 

low fat diet (Brinkworth et al 2009). The lipoprotein profile is improved
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independently of weight loss with low carbohydrate diets (Volek et al 2005). Kodama 

et al (2009) in a meta-analysis of 19 studies with 306 patients assessed the impact of 

low fat high carbohydrate diet (LFHC) as opposed to high fat low carbohydrate diet 

(HFLC). LFHC diet resulted in an 8% increase in insulin and a 13% increase in 

triglyceride and a decrease in HDL-C by 6% as compared to a HFLC diet. It has been 

hypothesised that excess energy in high calorific food may in fact overwhelm the 

mitochondria, which may result in increased LDL oxidation (O’ Keefe et al 2008).

It is not just the quantity of fat that has an impact but quality also has a role to play. 

There is a theory that saturated fatty acids (SFA) desensitise the response of 

peripheral tissue to insulin, whereas monounsaturated fatty acids (MUFA) are thought 

to counteract this effect (Maedler et al 2003, Roche 2005). SFA increase insulin 

secretion and resistance (Holness et al 2004, Mayer-Davis et al 1997), subjects 

become less insulin resistant as the proportion of MUFA to SFA increases (Lopez et 

al 2008). Ryan et al (2000) demonstrated significantly greater endothelium dependent 

flow mediated vasodilatation on an oleic acid rich diet (MUFA) as opposed to linoleic 

acid rich diet (polyunsaturated fatty acids) in patients with type 2 diabetes.

1.8.2 Medication

The American Diabetes Association (2008) recommended that the goal for glycaemic 

control in type 2 diabetes should be a HbAlc of less than 7%. Under certain 

circumstances a HbAlc of 6% should be considered provided that this will not result 

in a significant risk of hypoglycaemia. The recommended approach is intervention at 

the time of diagnosis with metformin therapy in combination with lifestyle changes. 

Statin therapy should be part of the regime regardless of baseline lipid levels.

Metformin improves glycaemic control by inhibiting hepatic glucose production and 

improves insulin sensitivity in liver and muscle (DeFronzo 1999). Metformin is not 

thought to be associated with weight gain (Pi-Sunyer 2008) and the UKPDS (1998) 

demonstrated a significant decrease in macrovascular complications in patients treated 

with metformin as a monotherapy. A number of studies have attempted to assess the 

impact of metformin on postprandial lipaemia and the results are conflicting. Wu et al
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(1990) demonstrated a decrease in fasting triglyceride concentrations after four 

months treatment with metformin. This was accompanied by a lower VLDL 

cholesterol and triglyceride concentrations with lower free fatty acids (FFA). 

Triglyceride concentrations in patients with type 2 diabetes were lower from morning 

until noon. Hollenbeck et al (1991) demonstrated lower mean daylong FFA and 

triglyceride concentrations in patients with type 2 diabetes and patients with mild 

hypertriglyceridaemia. Jeppesen et al (1994) highlighted a decrease in postprandial 

day long triglycerides of intestinal origin. James et al (2005) did not note a decrease in 

postprandial apo B48 concentrations in treatment with rosiglitazone as compared to 

placebo in obese insulin-treated subjects, but there was a decrease in the triglyceride 

to apo B48 ratio possibly indicating a smaller chylomicron size. Metformin therapy in 

combination with sulfonylurea has been shown to improve FFA and triglycerides 

throughout the day (Reaven et al 1992).

The impact of other oral glycaemic agents on postprandial lipaemia is incongruous. 

Sulfonylureas have lead to an increase in postprandial insulin concentrations 

(Jeppesen et al 1994, Skrapari et al 2001, Vakkilainen et al 2002); glipizide resulted in 

a decrease in VLDL triglyceride concentrations (Jeppesen et al 1994) but not 

chylomicron triglyceride concentrations. Glibenclamide as compared to a placebo led 

to lower triglyceride concentrations in the chylomicron fraction and not VLDL 

fraction after a test meal in patients with type 2 diabetes (Skrapari et al 2001). 

Vakkilanien et al (2002) failed to demonstrate significant effects o f glibenclamide and 

nateglinide on chylomicron or VLDL triglyceride after fat tolerance test.

The thiazolidinediones have varying effects on postprandial lipaemia. Some studies 

have reported no effects (Raskin et al 2000, Shimino et al 2001), as opposed to 

decreases in postprandial triglyceride levels (Tan et al 2005, Mori et al 2006) with 

decreases in the postprandial chylomicron concentrations (Van Wijk et al 2005).

The effect of statins on postprandial triglyceride concentrations is thought to be 

directly linked to the lowering effect on LDL-C concentrations (Kolovou et al 2007). 

Numerous studies have reported a decrease in postprandial lipaemia in type 2 diabetes 

with the use of varying statin medications (Ceriello et al 2002, 2005, Bhatnagar et al 

1995, Sheu et al 2001). The effects of statins on postprandial triglyceride metabolism
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are multiple including limiting hepatic VLDL production, enhancing clearance o f 

triglyceride rich lipoproteins, reduction o f apo C-III levels and reduction in 

cholesteryl ester transfer (Kolovou et al 2007).

1.9 Impact of improvements in glycaemic control and weight 

management on the postprandial phase in type 2 diabetes

Currently the target treatment in type 2 diabetes is glycaemic control in conjunction 

with lipid management. Although considerable work has been carried out in this area, 

the impact o f improved glycaemic control on postprandial phase has not been fully 

elucidated.

The hypothesis that improved glycaemic control would reflect improved metabolic 

control is not unreasonable. Philips et al (2000) demonstrated that improved 

glycaemic control in thirteen patients with type 2 diabetes (through dietary 

intervention, and the use o f oral hyperglycaemic agents or insulin) resulted in a 

significant improvement in apo B48 and apo BlOO concentrations. Lund et al (2008) 

highlighted that treatment with oral hyperglycaemic agents (metfonnin) reduced 

postprandial concentrations o f triglycerides and free fatty acids. This was further 

supported by Jeppesen et al (1994).

Numerous characteristics such as degree o f obesity, education, income and 

medication use are associated with suboptimal control o f CVD risk factors among 

overweight and obese patients with type 2 diabetes (Bertoni et al 2008). Studies have 

shown that improvement in glycaemic control has correlated with weight loss 

(Fujioka et al 2000, Sun et al 2008) and that obesity is associated with poor glycaemic 

control (Anderson et al 2003). Yet improved glycaemic control may not be sufficient 

to impact on postprandial triglyceride concentrations. M adhu et al (2005) did not find 

an association with postprandial lipaemia and glycaemic control in a population o f 

twenty male subjects with type 2 diabetes.
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Clearly more work is required in this area to elucidate the contribution of improved 

glycaemic control to overall metabolic control, and the subsequent impact on the 

postprandial phase.
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2. Materials and Methods

“No amount o f experimentation can ever prove me right; a single experiment can 

prove me wrong ”

Albert Einstein
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2.1 Study design

2.1.1 Selection of type 2 diabetes mellitus cohort

All participants were either newly diagnosed or poorly controlled patients with type 2 

diabetes mellitus. Patients were excluded if there was hyperlipidaemia secondary to 

renal disease, liver disease, and thyroid dysfunction or a known primary (genetic) 

hyperlipidaemia. All patients were aged 21 years and over.

All patients recruited to the study were required to complete a questionnaire on the 

initial visit and each subsequent visit thereafter (see appendix 1, A 1.1 and A 1.2). All 

patients were provided with an information sheet and were required to sign a consent 

form (see appendix 1, A 1.3 and A 1.4) prior to study initiation.

Fasting and postprandial samples were taken before and after a standard 1250 kcal 

physiological meal. Initially, samples were taken every hour after the standard meal 

up to eight hours. Having reviewed initial results in the pilot phase, it was decided to 

reduce this frequency of sampling to two hourly intervals up to and including six 

hours interval (See appendix 1 A 1.5).

Bloods were collected for the following analysis: Fasting plasma lipids (HDL-C, 

LDL-C, cholesterol and triglycerides), fasting plasma glucose, HbAlc, apolipoprotein 

E genotyping, apolipoprotein AI, apolipoprotein All, apolipoprotein B, Lipoprotein(a) 

measurement, NEFA (nonesterified fatty acids), RLP-C (remnant like lipoprotein 

cholesterol), apolipoprotein B48 and LDL/HDL sub-fractions (see appendix 1, A1.5 

for sample types and storage).

Patients with type 2 diabetes were monitored and received appropriate treatment 

consisting of dietary and lifestyle education and appropriate medication within their 

clinical care program. Patients were treated by the doctors on the research study team 

and also attended their appointments in the diabetic day care centre AMNCH as part 

of their routine care. Optimisation of glycaemic control was achieved using treatment 

strategies based on international guidelines. All patients were initially treated with
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lifestyle intervention and metformin. Gliclazide was added if  targets were not 

achieved using these measures. One patient was receiving rosiglitazone at the 

commencement of the study and this was not changed. No patient received insulin at 

any stage during the study. Other medications including statins were added during the 

study based on clinical need.

Lifestyle intervention was implemented to specifically achieve two goals; weight loss 

and physical activity. Subjects were assessed by a nutritionist and encouraged to lose 

> 7% of the body weight by following a hypocaloric diet aiming for a reduction in 

calorie intake of 500-1000 kcal/day. They were also instructed to reduce their total fat 

intake to <30% and saturated fat intake to <7% of their total daily energy intake. 

Subjects were advised to use smaller plates to reduce their portion sizes. With regards 

to physical activity, patients were advised to perform >150 minutes of moderate 

activity per week, e.g. brisk walking. Subjects were followed up every three month to 

monitor progress of both the glycaemic and lifestyle intervention. The study defined 

target glycaemia as fasting plasma glucose < 7.0 mmol/L and HbAlc < 7.0%. Some 

patients did not achieve target glycaemia but repeat analysis was perfonned as 

subjects approached euglycaemia.

2.1.2 Selection of control cohort

The recruitment of control subjects was from staff and visitors within the general 

hospital (AMNCH). Potential subjects were provided with a questionnaire whose 

exclusion criteria included the following conditions: myocardial infarction, angina or 

heart disease, liver disease, thyroid disease, hypertension, renal failure and other 

debilitating illness. The use of lipid lowering drugs was also grounds for exclusion 

(see appendix 1 figure A1.7).

All control subjects who were recruited to the study underwent an oral glucose 

tolerance test (World Health Organisation 1999). Any subject who had an impaired 

glucose tolerance test was registered at the Diabetes Day Care Centre (DDC) 

AMNCH (Adelaide and Meath incorporating the National Children’s Hospital) and 

subsequently excluded from the study.
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Each recruited control subject was provided with an information sheet and required to 

complete the study questionnaire and consent form (see appendix 1 figure A 1.6, A 1.7, 

A1.8). Fasting and postprandial samples were taken before and after a standard 1250 

kcal physiological meal at fasting, two hour, four hour and six hour intervals.

Bloods were collected for the following analysis: Fasting plasma lipids (HDL-C, 

LDL-C, cholesterol and triglycerides), fasting plasma glucose, HbAlc, apolipoprotein 

E genotyping, apolipoprotein AI, apolipoprotein All, apolipoprotein B, Lipoprotein(a) 

measurement, NEFA (nonesterified fatty acids), RLP-C (remnant like lipoprotein 

cholesterol), apolipoprotein B48 and LDL/HDL sub-fractions (see appendix 1 table 

A 1.5 for sample types and storage).

Any clinically significant results obtained on the control cohort were reviewed by a 

Consultant Chemical Pathologist and his team with subsequent advising o f the 

patient’s general practitioner.

2.1.3 Ethics approval

The Joint Hospitals Ethics Committee granted permission for this study.

2.2 Sampling protocol and physiological meal 

2.2.1 Sample collection

Sample collection before and after physiological meal

All sampling was carried out at the DDC (AMNCH) in accordance with standardised 

phlebotomy procedures and hospital policy. Each control patient and patients with 

type 2 diabetes was required to fast overnight (12 to 14 hours with still water 

permitted) before attending the clinic. A 20-G venous (Becton Dickinson®) cannula 

was inserted by a member of the medical team at the start of the visit and removed at 

completion of the test cycle. During the test visit, subjects were allowed to drink 

water and could move around freely but were not allowed to eat after the meal
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provided. Control subjects returned to work during the hours between sampling 

protocols, whilst patients with type 2 diabetes remained in the DDC.

All blood samples were drawn into Vacutainer® (Becton Dickinson) tubes in 

accordance with the manufacturer’s instructions. The sample tube protocol was as 

follows: three 6 ml serum tubes, two 4 ml lithium heparin (17 lU/ml blood) tubes and 

four 4 ml EDTA (1.8 mg/ml blood) (at fasting time point two EDTA tubes were 

drawn at all other time points), taken in accordance with the order of draw. Each 

subject was then given a standard physiological meal and the same pattern of samples 

was repeated at two hourly intervals up to completion at six hours.

2.2.2 Physiological meal

The physiological meal was cooked by the hospital canteen staff and consisted of: 2 

back rashers (lean), 2 sausages, 2 table spoons baked beans, 1 egg, 3 slices whole

meal bread, lOmls sunflower oil (for frying), 25 g flora® margarine, 1 tomato, 1 small 

glass unsweetened orange juice, 30 ml of full fat milk for tea or coffee.

In order to ensure the correct composition of fat, the eggs, rashers, sausages and 

tomato were fried in 10 mis of sunflower oil. This meal provides 1250 Kcals of which 

approximately: 67.3g Carbohydrates, 47.2g Protein, 82g fat (of which 24g saturates, 

32g monounsaturates, 26g polyunsaturates and 285mg cholesterol).

Both controls and subjects were required to eat the entire contents of the meal 

provided.

2.2.3 Sample preparation and storage

Plasma/serum samples were separated following centrifugation at 3000g for 4 minutes 

(Hettich Rotixa 50 RS®) at room temperature. Serum samples were allowed to clot 

for a minimum of ten minutes prior to centrifugation. All samples were aliquoted 

using plastic pasteur pipettes into eppendorf® and sarstedt® cryovials. Lithium
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heparin samples were separated within one hour of collection and analysed for 

glucose and lipids on the same day. Two aliquots of serum samples were frozen at 

-20*^C for Insulin, C-peptide and apolipoprotein analysis, and a further two aliquots 

were frozen at -80°C for RLP-C, LDL/HDL sub-fraction analysis according to the 

manufacturer’s guidelines. An aliquot of EDTA was frozen, following centrifugation 

(at 3000g for 4 minutes) at -80*̂ C for NEFA. An EDTA tube taken at the fasting time 

point was used for HbAlc analysis. The final native EDTA sample taken at the fasting 

time point was left unseparated at 4°C for genotype analysis.

Samples for extracted DNA were prepared according to manufacturer’s guidelines 

(see section 2.5.3) and stored at -IQ^C (see appendix 1, table A1.5). Samples stored at 

-20^C and -80^C were in monitored freezers within an indexed library. All cryovials 

were labelled with a case number, date of preparation and sample type.
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2.3 Quantimetrix Lipoprint™ system

LDL and HDL sub-fractions were analysed using the lipoprint system. The lipoprint 

system consists o f the following components: Kit o f 100 Lipoprint® Gels (catalog 

number 48-7002, Catalog number 48-9002): gel preparation rack,

photopolymerization light, electrophoresis chamber(s), power supply, digital scanner 

or densitometer unit, computer and colour printer. Results are analysed and reported 

using the Lipoprint® patient risk reporting software (see figure 2.3.1).

Figure 2.3.1: Quantimetrix lipoprint™ instrumentation

The lipoprint® consists o f photopolymerization light, electrophoresis chamber, digital 

scanner, computer and colour printer.

The technique is based on polyacyrlamide gel electrophoresis and can resolve up 12 

bands when analysing for LDL sub-fractions VLDL, midbands IDL A, IDL B, IDLC, 

LDL sub-fractions large LDL (1-2) and small dense LDL (3-7) (see figure 2.3.2 and 

2.3.3). The fiill method for sample analysis is available in appendix 1, A1.9.

The Quantimetrix Lipoprint™ system divides LDL results into two categories type A 

(low risk figure 2.3.3) where no small dense LDL is present and type non-A (high risk 

figure 2.3.2) where small dense LDL is present (Hoefner et al 2001).
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Figure 2.3.2; Example of a Quantimetrix Lipoprint™ Report (type non-A) (Duncan et 

al 2004)

The report highlights the 12 bands achieved in the LDL separations. Small dense LDL 

is represented in red and consists of LDL bands 3-7
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Figure 2.3.3: Example o f a Quantimetrix Lipoprint™ Report (type A)

Lipoprint® HDL sub-fraction analysis can resolve ten HDL fractions; HDL fractions 

1-3 represent large HDL, HDL fractions 4-7 represent intermediate HDL and HDL 

fractions 8-10 represent small dense HDL (Morais & M uniz 2005). Further examples 

o f lipoprint® HDL analysis are shown in figures 2.3.4 and 2.3.5.

The HDL fractions are divided into three groups: Large fractions 1-3 intermediate 

fractions 4-7 and small fractions 8-10. Although small dense HDL fractions are 

present (denoted by the red component on the report) the large HDL fraction is still 

within the normal reference range.

The HDL fractions are divided into three groups: Large fractions 1-3, intermediate 

fractions 4-7, and small fractions 8-10. The small dense HDL fractions present is 

denoted by the red component on the report. When the large HDL component is 

considered low, this is denoted on the report by LO.
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Figure 2.3.5: Quantimetrix Lipoprint™ system report for abnormal HDL sub-fractions 

(Morais & Muniz 2005)
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2.4 Apolipoprotein B 48 analysis

2.4.1 Assay method

The Human Apo B-48 ELISA Kit (AKHB48) is an ELISA kit for the measurement of 

human apoHpoprotein (apo) B-48 using an indirect sandwich assay technique 

(http://www.clonagen.com/clonagen)

2.4.2 Assay procedure

2.4.2.1 Reagents and equipment

The human Apo B-48 ELISA KIT (Gentuar BVBA corporation) includes an anti-apo 

B48 coated plate, standard human apo B48, buffer solution, Biotin conjugated anti- 

apo B48 antibody, peroxidise-conjugated avidin®, chromogenic substrate (TMB), 

reaction stopper (IM  H2SO4 ) and concentrated washing solution. Other equipment 

required included an ELx50 Auto Strip (BioTek® Instruments, Inc.) Plate washer, 

ELx800 Universal Microplate reader (BioTek® Instruments, Inc.) and Gen5™ 

Microplate Data Collection and Analysis Software (BioTek® Instruments, Inc.) for 

reading.

2.4.2.2 Sample type

Serum was used as recommended by the supplier. Samples were taken as previously 

described and stored at -80°C.

2.4.2.2 Assay procedure

The anti- apo B48 coated plate is initially washed to remove buffer. The appropriately 

diluted samples are added to the plate and left to react for one hour. Samples were 

diluted 1:250 to ensure the concentration was not above the assay range. The plate is 

subsequently washed (x 4), and biotin-conjugated anti apo B48 antibody is added. 

This binds to human B48 bound to the anti-apo B48 antibody immobilised on the 

coated plate (see figure 2.4.2.2 for schematic). This reaction is stopped after 1 hour 

and the plate is washed (x 4). Finally a peroxidase-conjugated avidin is then added to 

the plate. The avidin and biotin readily bind to ensure that the horseradish peroxidase 

enzyme is immobilised on the plate. After washing, the chromogenic substrate
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tetramethyl benzidine (TMB) is added. This forms a blue colour on reaction with 

horseradish peroxidase enzyme (Crowther 1995). The reaction stopper (IM  H2SO4) is 

added, resulting in a yellow colour formation which is proportional to substrate 

concentration.

(F) Chromogenic 
sub stra te  (TMB)

Colour develofHitent 
in p resence ef HRP

Measurement of 
absorbance

(H) Reaction 
stopper

(C) Biotin conjugated 
anti-apo B-48 antibody

(A) Anti- apo B-48 
coa ted  plate

I
\  

i

/r  Y Y
Human B-48 plasm a or standard

Figure 2.4.2.2 Outline o f indirect sandwich assay technique used in the Human Apo 

B48 ELISA Kit

HRP -  horse-radish peroxidase, TMB- Tetra methyl benzidine

2.4.1.3 Sample concentration

A standard curve o f concentration versus absorbance from a standard material was 

constructed from a stock standard supplied with the kit in accordance with 

manufacturer’s instructions. The plate was read at an absorbance o f 450 nm with a 

minus absorbance o f 620 nm. The standard curve is used to calculate the 

concentration o f apo B-48 for a sample from the sample absorbance. The result is then 

multiplied by the dilution factor. Samples were diluted 1:250 to ensure the 

concentration was not above the assay range. 

(http://www.clonagen.com/clonagen/human apo b 48/).
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2A.2.3 Assay performance

As a confirmatory check on assay performance as outhned by the manufacturer, 

samples were analysed in duplicate initially to determine intra assay variation. In 

addition pooled frozen samples were analysed with each assay batch in order to 

determine inter batch variation. To determine assay specificity varying concentrations 

of apo BlOO were added to pooled serum and analysed (see appendix 1, A 1.13).

2.5 Polymerase chain reaction (PCR) for apolipoprotein E 

genotype

2.5.1 Method principle

The polymerase chain reaction is a test tube system for DNA replication that allows a 

DNA sequence to be selectively amplified several million-fold in just a few hours 

(Wenham 1992).

DNA molecules are separated into single strands using high temperature, and two 

additional sequences of single-stranded DNA (20-30 nucleotides) serve as primers. 

Each primer is complementary to each single DNA strand at the beginning of the 

target region (National Centre for Human Genome Research, National Institutes of 

Health 1992).

To perform a PCR reaction, a small quantity of the target DNA is added to a test tube 

containing a master mix of oligonucleotide primers, the four deoxynucleotide building 

blocks of DNA, the enzyme cofactor MgCb, required buffer solutions and Tag DNA 

poljonerase.

The PCR mixture is taken through replication cycles consisting of denaturation, 

annealing and replication. The DNA sequence between the primers doubles after each 

cycle. (National Center for Human Genome Research, National Institutes of Health 

1992 and Wenham 1992)
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2.5.2 Restriction Fragment Length Polymorphism

Restriction Fragment Length Polymorphism (flFLP) is a technique in which 

differences can be identified by patterns derived from cleavage of DNA. These 

differences can be used to differentiate between individuals.

A restriction enzyme is used that will cut the DNA at specific points based on 

oligonucleotides. If there are differences in the distance between cleavage sites, the 

length of the fragments produced will differ when the DNA is digested with a 

restriction enzyme (Wenham 1992).

2.5.3 PCR Requirements

2.5.3.1 Reagents

The following reagents were required for PCR: agarose LMP Preparative Grade for 

small fragments (Promega®), agarose (Promega®), DMSO (dimethyl sulfoxide) 

(Sigma-Aldrich®), DNA Ladder lOObp (Promega®), DNA Ladder 50 bp 

((Promega®), DNTP (deoxyribonucleotide triphosphate) (Roche®), restriction 

enzyme {Cfol, Hhal) (Promega®), Ethidium Bromide (Sigma-Aldrich® concentration 

lOmg/ml), Magnesium Chloride 25 mM in distilled water (Promega®), Mineral Oil 

(Sigma-Aldrich®), Nuclease Free water (Promega®), Polaroid Film, QIAamp® DNA 

Blood (Mini Kit) (Qiagen®), TAE (400mM Tris-Acetate and lOmM EDTA) lOX 

buffer 4L (Invitrigen™), and Taq DNA Polymerase in storage buffer (Promega®).

2.5.3.2 DNA Extraction

The extraction procedure was applied to the EDTA sample stored at 4'̂ C and 

performed according to manufacturer guidelines (QIAmp® DNA blood mini kit 

handbook).
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2.5.3.3 DNA Extraction Product Electrophoresis

DNA concentration was initially determined using a standard laboratory 

spectrophotometer. However as the realized concentration DNA was in the range of 

30ng/|j.l this made analysis of concentration using a spectrophotometer difficult.

It was subsequently found that the quantity of DNA for each sample could be 

determined using electrophoresis, with samples run on 1.2% agarose gel stained with 

Ethidium bromide against a DNA sample of known concentration (Looijenna et al 

2000, Meier et al 2001).

2.5.3.4 Primer Selection

Following internal review, it was decided to use the primers first described by 

Wenham et al (1991) (see figure 2.5.3.4). The use of such primers will result in an 

amplification of a 227 base pair region of the apolipoprotein E gene which spans both 

polymorphic sites (Wenham and Price et al 1991).

Upstream = 5' TCCAAGGAGCTGCAGGCGGCGCA 3'

Downstream = 5' ACAGAATTCGCCCCGGCCTGGTACACTGCCA 3'

Figure 2.5.3.4: Primers used in PCR method

2.5.4 PCR Technique 

2.5.4.1 PCR Amplification

A PCR master reaction mixture (see table 2.5.4.1) was used which means that all 

reagents (except Taq Polymerase) were mixed together and added to each DNA 

sample using 2 |ils of each extracted DNA product solution.

Table 2.5.4.1: A list of individual sample requirements for PCR master mix

R ea g e n t V o lu m e p e r tu b e /p L
10x buffer 5
MQCI2 1.5
dNTP 1
W ater 34 .7
DMSO 5
Primer on e 0 .5
Primer two 0 .5
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Subsequently, 0.3 |ils of Tag Polymerase was added to each tube, giving a total 

volume of 50 |ils. The reaction tubes were mixed by agitation for 5 seconds and 50 

I lls  of mineral oil was layered on top of each tube before they were placed in a 

thermocycler (MJ Research PTC-200 Peltier Thermal Cycler).

The PCR program was a modification of a program first published by Wenham et al 

(1991). This involved an initial denaturation of 91°C for 3 minutes, followed by forty 

cycles o f annealing at 57°C for thirty seconds, extension at 72°C for ninety seconds, 

denaturation at 94°C for thirty seconds, and finally extension at 72°C for 1 minute. As 

a performance check on the PCR method, 5 )ils of PCR product was run on 1.4% 

agarose gel (Sigma®). The expected product size was 227 base pairs and was 

identified using a lOObp ladder (Promega®) (see figure 2.5.4.1).

lOObp DNA  
Ladder used 
to identify 
size o f  PCR 
product

Patient
samples post 
PCR
measuring
227bps

500bps

300bps

Figure 2.5.4.1: Photograph o f a typical agarose gel used for PCR product verification 

Photograph o f  Agarose Gel stained with Ethidium Bromide and viewed under 

ultraviolet (UV) light.

2.5A.2 Restriction analysis

Restriction Analysis involves the use o f the enzyme Cfol. This enzyme cuts the 

nucleic acid sequences GCGC into GCG and C fragments. Therefore genotypes can 

be identified by comparing the fragments obtained with the Cfol restriction maps of 

the three alleles of the apo E gene (Wenham et al 1991).
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The major fragment sizes produced are 91bp and 81bp for the E2 allele, 91bp and 

48bp for the E3 allele and 72bp and 48bp for the E4 allele (Beilis et al 1997 and 

Wenham 1991) (see figure 2.5.4.2).

The restriction components are listed in table 2.5.4.2. The Cfol enzyme was added 

after addition of all reagents giving a total volume of 25 |j,ls. The mixture was then 

incubated at 37°C for 3 hours followed by electrophoresis.

16 19

112 158

158

158

Figure 2.5.4.2: Restriction map of principle alleles (Wenham et al 1992)

Cutting sites fo r  Cfol are labelled C and arrowed, polymorphic sites are indicated by 

(C). Numbers between the cutting sites indicate fragment sizes in base pairs.
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Table 2.5.4.2; A list of individual sample requirements for PCR restriction analysis.

Reagent Volume per tube/pL
PCR Product 18
10x Buffer 2.5
Acetylated BSA 0.25

2.S.4.3 Digest Electrophoresis

A 5% preparation of Agarose LMP Preparative Grade for small fragments gel was 

used for electrophoresis; this was run for ninety minutes at 70 volts. The results of 

electrophoresis were analysed using ultraviolet illumination (see figure 2.5.4.3).

DNA Base 
Pair Ladder

Figure 2.5.4.3: Photograph of electrophoresis gel used for genotype determination 

Photograph o f Agarose Gel stained with Ethidium Bromide and viewed under 

ultraviolet light.

1.5 A A Method Validation

Method validation was performed using dual samples from a range o f consented 

volunteers in the hospital. One sample was analysed in AMNCH and one sample sent 

to a referral laboratory offering routine apolipoprotein E genotyping (Biomnis 

Medicale Specialisee, Avenue Tony Gamier, Lyon, France). No difference in 

genotypes was detected in the dual samples.
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2.6 Remnant-like lipoprotein particles cholesterol (RLP-C)

2.6.1 Assay principle

Normally an ultra centrifugation method allows a quantitative analysis o f remnant 

lipoproteins. In this study, a novel RLP-C kit was used. This is a new assay for 

separating RLP from nascent chylomicrons and VLDL using an affinity gel 

containing a mixture o f monoclonal antibodies (Tada 1996 and Nakano 1996).

2.6.2 RLP-C Procedure

2.6.2.1 Reagents and equipment

Reagents and equipment were purchased from Japan Immunoresearch Laboratories 

Co. Ltd (JIMRO). These kits included a RLP mixer, ball dispenser, steel balls, sample 

rack, RLP- Cholesterol kit.

2.6.2.2 Sample type

Serum was collected as recommended by the supplier. However, samples were frozen 

at -SO'^C, for periods longer than those recommended in the protocol (Schaeffer et al 

2002).

2.6.2.3 RLP-C Technique

The measurement o f RLP-C consists o f two steps: (1) fractionation o f RLP and (2) 

determination o f  cholesterol. The schematic in figure 2.6.2.3 illustrates the RLP 

methodology. The anti apolipoprotein Al antibody traps CM (chylomicrons) and 

HDL, and anti-apolipoprotein B-lOO antibody traps nascent VLDL and LDL. 

Although VLDL-R (VLDL remnants) contains Apo B-lOO, the anti-apolipoprotein B- 

100 antibody (JIH) differentially binds in the reaction mixture excluding VLDL-R and 

therefore, VLDL -R  remains in the supernatant (Nakajima K et al 1996).
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Immunoseparation Gel (300|jl) 
+

Test Sample (10|jl)

I

Incubation at RT for 2 hours

RLP

•  LDL and nascent VLDL 
HDL

y Sepharose 4B and \  Antl-apo B-100

Sepharose 4B and 
Antl-apo A-1

centrifugation a t  lOOOrpm 
for th ree  m inutes

. C

Cholesterol
Quantification

Figure 2.6.2.3: Schematic representation of RLP Methodology

The reaction mixture is shaken for two hours using the equipment supplied by JIMRO 

Ltd. and then allowed to stand for a minimum of fifteen minutes. Only the remnant 

lipoprotein fraction remains in the supernatant, which was separated by centrifugation 

at 1000 rpm for three minutes.

There was no deviation from the procedure outlined by manufacturer (see appendix 1, 

A l . l l )  with the exception that 10 |il of patient’s serum sample was used. All 

measurements of RLP cholesterol were performed on Roche Hitachi Modular P 

analysers®.
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2.6.2A Assay variation

Pooled plasma was frozen at -70°C and analysed with each assay to determine assay 

variation. All samples were run in duplicate. Assay characteristics as determined by 

manufacturer are outlined in appendix 1, A 1.12.

2.7 Other Biochemical l\/lethods

The assay characteristics o f the methodologies outlined in section 2.7 are available in 

appendix 1, A1.15.

2.7.1 Apoiipoproteins

All apolipoprotein measurements were performed on the Nephlometer Dade Behring 

BN II®. All reagents and quality control material was supplied by Dade Behring Inc. 

The sample type used for analysis was serum.

The principle o f  the assay is an antibody/antigen assay based on the use o f antibodies 

to each apolipoprotein particle which results in the formation o f immune complexes. 

These complexes scatter a beam o f light passed through the sample. The concentration 

o f the measured protein is proportional to the intensity o f the scattered light. The 

result is evaluated by comparison with a standard o f known concentration. 

Apoiipoproteins measured were apo AI (product code QUED), apo A ll (product code 

OQBA), apo B (product code OSAN) and Lp(a) (product code OQHL) 

(http://www.siemens.com/diagnostics').

2.7.2 Lipids

All lipid analysis was performed on the Roche Hitachi MODULAR P® 

instrumentation. Reagents and calibration material for cholesterol and triglyceride 

analysis was provided by Roche Diagnostics Ltd UK. Quality control material 

supplied by Technopath™ (Multichem 1, 2 and 3). All material required for direct 

LDL (catalogue number CH 2657) and HDL (catalogue number CH 2652/ CH 2655)
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measurement was provided by Randox Laboratories Ltd UK. Method evaluation 

results can be viewed in appendix 1 section A 1.14. Sample type was plasma and the 

anticoagulant used was lithium heparin (17 lU/ml of blood).

The principle of the assay for direct LDL and HDL measurement are very similar and 

they both involve a two-step reaction. First step is the elimination of chylomicrons, 

VLDL-cholesterol and in the case of LDL measurement, HDL-cholesterol. 

Cholesterol esterase, cholesterol oxidase and subsequently catalase are the stepped 

enzymes in the assay process. The second step involves the measurement of LDL- 

cholesterol (or HDL-cholesterol) after release of LDL-cholesterol by detergents. A 

quinone dye is produced and the intensity of this dye is directly proportional to the 

cholesterol concentration when measured at 660nm (http://www.randox.com).

Cholesterol (Roche Diagnostic Cat. No. catalogue number 11491458 216) and 

triglyceride (catalogue number 11730711 216) measurement involves an enzymatic 

colourimetric test where the colour intensity is directly proportional to the 

concentration of the analyte and can be determined photometrically at 505nm 

(http://www.cobasroche.co.uk/site/productcatalogue.aspx).

2.7.3 Insulin and C peptide

Insulin (product code B080-101) and C-peptide (product code BOS 1-101) were 

measured in a referral laboratory (Central Pathology Laboratory, St James’s Hospital 

Dublin). Measurements were carried out on the AutoDELFIA® Automatic 

Immunoassay System.

The principle of both assays is similar i.e. a solid phase fluoroimmunometric assay 

based on a direct sandwich technique. Two monoclonal antibodies are involved. One 

is an immobilized antibody and the other a europium labelled antibody. Both are 

directed against different sites on the insulin or C-peptide molecule. Enhancement 

solution dissociates the europium ion from the antibody where they form fluorescent 

chelates with components of solution added. The fluorescence is proportional to 

concentration of insulin or C-peptide (http://www.perkinelmer.com).
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2.7.4 Glucose

Glucose (Roche Cat.No. 11876899 216) analysis was performed on the Roche Hitachi 

MODULAR P® autoanalyser. All reagents and calibration material was provided by 

Roche Diagnostics Ltd. Quality control material was supplied by Technopath^”̂  , 

(Multichem 1, 2 and 3).

The principle o f the assay is the enzyme hexokinase catalyses the phosphorylation o f 

glucose to glucose-6-phosphate by ATP (adenosine triphosphate). Glucose-6- 

phosphate dehydrogenase oxidises glucose-6-phosphate in the presence o f NADP 

(nicotinamide adenine dinucleotide phosphate) to gluconate-6-phosphate. The rate of 

NADPH fonnation during the reaction is directly proportional to the glucose 

concentration and can be measured photometrically at 340nm (http://cobas-roche- 

co.uk/site/productcatalogue.aspx).

2.7.5 Non-esterfied fatty acids (NEFA)

NEFA (Product code FA 113) analysis was performed on the Roche Hitachi 

MODULAR P® autoanalyser. All control, calibration and reagent material were 

supplied by Randox laboratories Ltd UK. The sample type used was EDTA 

(1.8mg/ml blood).

The quantification o f NEFA is a colorimetric analysis involving three enzymatic 

steps. The enzymes used are acyl CoA synthetase, acyl CoA oxidase and peroxidase. 

Final product absorbance is read at 550nm (http://www.randox.com).

2.7.6 HbA1c

H bA lc measurement was performed on the A le  2.2 Plus Glycohemoglobin® (Tosoh 

Medics) Analyzer.

Using principles o f high performance liquid chromatography, the analyser employs a 

cation exchange column and elution in a gradient with three fluid steps created by 

buffers with different salt concentrations. The analyser separates the haemoglobin
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components and measures them in six fractions. The fractions are printed as 

percentages along with the chromatogram. 

(http://www.diagnostics.us.tosohbioscience.com).

2.7.7 High sensitivity C reactive Protein (CRPhs)

CRPhs (Roche Cat. No. 11972855 216) measurement was performed on the Roche 

Hitachi MODULAR P® autoanalyser. All reagents and calibration material was 

supplied by Roche Diagnostics Ltd. Quality control material supplied by 

Technopath™ (Multichem 1, 2 and 3).

This method involves the addition of anti-CRP antibody latex to sample and buffer, 

resulting in an antigen/antibody complex, measured turbidimetrically at 546nm.

2.7.8 Performance of analysis

The analysis of samples for HbAlc, glucose and apolipoproteins were carried out as 

part o f the routine analysis in the Clinical Chemistry Laboratory AMNCH. The 

analysis o f samples for insulin and c-peptide were performed by CPL, St James’s 

Hospital. All other analysis was performed by the researcher unless otherwise stated.

2.8 Results analysis

Initial data gathering and collation was done using Microsoft Excel® (Version 2003 

SP3) with due diligence given to prevailing data protection legislation in the Republic 

of Ireland.

Statistical analysis was performed using SPSS 14.0© software (SPSS Inc. Chicago 

Illnois). In some cases, particularly with area under curve analysis a supplemental 

application using GraphPad Prism version 5.01® (GraphPad Software Inc.) was used. 

Area under the curve was calculated using the trapezoidal method. Further 

information can be obtained in appendix 1 A 1.16.
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3. Results

“I f  a m an’s wit be wandering let him study the mathematics ” 

Francis Bacon
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3.1 Population description

3.1.1 Cases

Sixty patients with type 2 diabetes were enrolled in this study. One subject withdrew 

from the study. Two subjects failed to complete the initial day and one patient failed 

to give complete information. Fifty six patients (all cases at initial visit) completed the 

initial visit and primary postprandial challenge. Seven subjects presented with good 

glycaemic control (mean H bA lc = 6.2 ± 0.4%) at the time o f enrolment. Six subjects 

failed to complete the entire study protocol and did not participate in the final 

postprandial challenge. Two subjects at completion o f the study failed to demonstrate 

improvement in H bA lc levels. In total forty one patients completed the fiill study 

protocol. These patients will be referred to as cases. Fifty six patients completed the 

initial phase o f  the study.

At enrolment fifteen patients were on lipid lowering therapy. At completion o f study 

protocol twenty four patients were taking lipid lowering medication. In total twenty 

four patients at completion o f the study were on lipid lowering medication. Thirty 

three patients had commenced the study using oral glycaemic agents at enrolment and 

by completion o f the study only three subjects had not taken oral glycaemic agents 

(see table 3.1.1). The majority o f treated patients were taking metformin.

Table 3.1.1 Medication used in the treatment o f patients with type 2 diabetes

M edication

C om pleted  
c a s e s  at 

enrolm ent

C om pleted  
c a s e s  at 

com pletion

All c a s e s  at 
enrolm ent

Num ber o f c a s e s 41 41 56
Metformin 28 24 32

Diamicron 2 3 5

Metformin/Diamicron 2 10 2

Glitazone/iVletformin 1 1 1

No Oral Glycaemic agents 8 3 16
Statin 15 24 23

No statin 17 17 33
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O f the forty one completed cases five patients were smokers, two patients were taking 

hormone replacement therapy and thirty three patients were on a low fat diet (patient 

reported). Twenty one patients consumed no alcohol units per week, ten patients 

consumed eight units or less and the remaining ten patients consumed twelve or more 

units per week (all patient reported).

3.1.2 Controls

At study commencement all recruited individuals over 45 years irrespective of body 

mass index (BMI) were accepted as part of the control cohort. As the study progressed 

a restriction was placed such that only subjects with a BMI of > 27 kg/m were 

accepted. This decision was made as an attempt to parallel the BMI of the cases.

Seventy individuals were deemed to be suitable for an oral glucose tolerance test and 

fasting lipid profile. Three individuals did not turn up for the agreed appointment, 

three more showed impaired glucose tolerance and details were sent to the DDC at 

AMNCH. These subjects were excluded from the study. Four control subjects 

completed oral glucose tolerance test but failed to turn up for agreed appointment of 

physiological meal.

No control subjects had thyroid disease, renal disease or liver disease and none were 

taking cholesterol lowering therapy. Three subjects smoked and three were taking 

hormone replacement therapy.

This group had sixty members and will be referred to as the controls.

3.1.3 Controls versus Cases

The mean BMI of controls was 28.6 ± 6.6 kg/m^ with a range of 17.6 - 52.4 kg/m^.

Eighteen controls had a BMI of < 25 kg/m , twenty five controls had a BMI between
2 2 25 and 29.9 kg/m and seventeen controls had a BMI o f > 30 kg/m .

The mean BMI of completed cases in the study (N=4I) was 32.6 ± 6.8 kg/m^ with a 

range of 24.9 - 60.2 kg/m^. Two cases had a BMI < 25 kg/m^, fourteen cases had a
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BMI between 25 - 39 kg/m^and twenty three cases had a BMI > 30 kg/m  ̂ (see 

appendix 2 figure A2.1). The BMI of all cases at enrolment is shown in table 3.1.3.1. 

The age range of controls and cases was 35 - 63 and 30 - 74 years respectively (see 

appendix 2 Figure A2.2). At enrolment the cases had a significantly higher BMI, 

HOMA-IR, weight and age than the controls (p<0.05) (see table 3.1.3.1).

The male to female ratio of controls and cases was 20:40 and 19:22 respectively. 

There were significant differences between female control subjects and completed 

cases for BMI, insulin resistance (as calculated by HOMA-IR), and age. The male

controls and cases demonstrated significant differences for HOMA-IR, BMI and age 

(see table 3.1.3.2 and 3.1.3.3).

Table 3.1.3.1: Comparison of cases and control results

Parameter N BMI (kg/m^’ HOMA-IR Weight (kg) Age (yrs)
X±SD X±SD X±SD X + SD

Completed Cases 
at enrolment 41

I

32.6 ± 6.8 4.8 ±3.0 92.4 ±21.5 56.5 ±8.8
Range 24.9-60.2 0.61-14.86 66.7-167.1 30-74
Controls 60 28.6 ±6.6 1.71 ± 1.40 83.0 ± 19.8 49.9 ± 5.3
Range 17.6-52.4 0.04-6.6 52.9-141.8 35-63
P 0.000 0.000 0.021 0.000
All Cases at 
enrolment 56 32.24 ± 6.04 4.8 ±3.1 90.7 ± 19.5 56.1 ±8.5
Range 24.9-60.2 0.61-14.86 66.7-167.1 30-74
P 0.000 0.000 0.017 0.000
Mann-Whitney U test was used for comparison and significance was set as p<0.05.

Table 3.1.3.2; Comparison of female cases and female control results

Parameter N
BMI

(kg/m"> HOMA-IR Weight (kg) Age (yrs)
X±SD X i S D X±SD X t S D

Completed Cases 
at enrolment 22 32.6 ± 7.9 4.45 ±3.01 84.2 ± 17.2 57.0 ±9.1
Range 24.9-60.2 0.61-13.23 66.7-138.8 30-69
Controls 40 28.5 ± 7.7 1.56 ± 1.45 78.4 ± 20.2 50.4 ±5.5
Range 17.6-52.4 0.04-6.6 52.9-141.8 35-63
P 0.005 0.000 0.087 0.000
All Cases at 
enrolment 28 31.9 ± 7.1 4.47 ±3.01 82.0 ± 15.8 57.3 ± 8.2
Range 24.9-60.2 0.61-13.23 66.7-138.8 30-69
P 0.003 0.000 0.11 0.000

Mann-Whitney U test was used for comparison and significance was set as p<0.05. 
All cases at enrolment include six female patients that did not complete the entire 
study protocol.
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Table 3.1.3.3: Comparison of male cases and male control results

Parameter N BMI (kg/m^’ HOMA-IR Weight (kg) Age (yrs)
X ± S D X ± S D X ± S D X ± S D

Completed Cases 
at enrolment 19 32.5 ± 5.4 5.2 ±3.0 101.9 ±22.4 56.0 ± 8.6
Range 24.9-45.0 0.96-14.86 71.2-167.1 39-74
Controls 20 28.7 ± 3.6 2.01 ± 1.26 92.1 ± 15.9 49 ±4.8
Range 23.2-37.0 0.69-5.57 71.2-133.5 40-55

P 0.024 0.000 0.101 0.01
All Cases at 
enrolment 28 32.6 ±4.9 5.15±3.18 99.3 ± 19.2 55 ± 8.9
Range 24.9-60.24 0.96-14.86 71.2-167.1 39-74

P 0.006 0.000 0.088 0.024

Mann-Whitney U test was used for comparison and significance was set as p<0.05. 
All Cases at enrolment included nine male patients that did complete the study 
protocol.

3.2 Control subjects response to the study protocol 

3.2.1 Baseline fasting results

Forty three control subjects (72%) presented with a fasting triglyceride concentration 

< 1.7 mmol/L, eight (13%) between 1.7 and 2.1 mmol/L and the nine (15%) 

remaining controls had concentrations > 2.1 mmol/L (see appendix 2, figure A2.3).

The mean HbAlc concentration was 5.5 ± 0.5%. The mean fasting glucose and 

insulin concentrations were 5.1 ± 0.5 mmol/L and 7.3 ± 5.5 mU/L respectively (see 

table 3.2.2). Forty nine (82%) control subjects presented with fasting insulin of < 

12.0 mU/L (reference range < 12 mU/L). C- peptide fasting concentration was 1.63 ±

1.03 p.g/L (reference range <3.2

The fasting NEFA concentration was 0.55 ± 0.21 mmol/L. Twenty two patients (37%) 

presented with a fasting concentration > 0.6 mmol/L (reference range < 0.6 mmol/L).
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The control cohort mean fasting cholesterol, HDL-C and LDL-C concentrations were 

5.13 + 0.97 mmol/L, 1.4 ± 0.42 mmol/L and 3.35 ±1.01 mmol/L respectively. See 

appendix 2 figures A2.4, A2.5 and A2.6 for the distribution of cholesterol, HDL-C 

and LDL-C concentrations.

The high sensitivity C- reactive protein (CRPhs) mean was 2.75 ± 3.10 mg/dl for the 

control cohort (reference range 0.07  -  1.80 mg/dl). See appendix 2 figure A2.7 for the 

distribution of CRPhs fasting results.

3.2.3 Postprandial response to physiological meal

The results of the control fasting and post physiological meal results can be viewed in 

table 3.2.2 and figure 3.2.1. At four hours post physiological meal twenty three 

subjects (38%) had triglyceride concentrations < 1.7 mmol/L, ten control subjects 

(17%) between 1.7 and 2.1 mmol/L, twenty seven (45%) > 2.1 mmol/L. Five subjects 

(8%) had restored triglyceride concentrations to fasting levels at four hours (see 

appendix 2, figure A2.3).

Nineteen control subjects had restored triglyceride concentrations equal to or below 

fasting levels at six hours post physiological meal, leaving forty one control subjects 

who had not restored six hour postprandial triglyceride concentrations to fasting 

levels. O f these forty one control subjects, thirteen had presented with a fasting 

triglyceride concentration of < 1.7 mmol/L.

Forty three control subjects presented with a fasting triglyceride concentration of < 

1.7 mmol/L. Twenty three of these subjects (38%) at four hours and thirty of these 

subjects (50%) at six hours, had triglyceride concentrations of < 1.7 mmol/L.

Twenty two (37%) of the control subjects achieved their maximum triglyceride 

concentration at two hours, thirty five subjects (58%) at four hours and three subjects 

(5%) did not achieve maximum triglyceride levels until six hours post physiological 

meal.
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The results o f the Friedman test indicated that there was a statistically significant

difference in triglyceride concentration across the four time points (fasting, 2 hour 4
2

hour and six hour) with a x (3, n=60) = 89.083, p<0.005. Inspection of median values 

showed an increase in triglyceride concentration from fasting (Afec//a«=1.38 mmol/L) 

to two hour {Median= 1.91 mmol/L) to four hour (Median= 1.98 mmol/L) and a 

subsequent decrease at the six hour time point to (Median= 1.66 mmol/L). A 

Wilcoxon Signed Rank Test confirmed significant changes across all time points.

At four hours, nineteen subjects had insulin concentrations > 12 mU/L and at six

hours only eleven subjects had concentrations > 12 mU/L. (see appendix 2, figure

A2.8). Twelve patients had C-peptide concentrations > 3.2 |o.g/L at four hours.

However, at six hours six subjects had concentrations > 3.2 |J.g/L. The results of the

Friedman test indicated that there was a statistically significant difference in insulin

concentration across the four time points (fasting, 2 hour, 4 hour, and 6 hour) with a 
2

X (3, n=60) = 117.2, p<0.005. Inspection of median values showed an increase in 

insulin concentration from fasting {Median=5.S4 mU/L) to the two hour (Median= 

15.35 mU/L) to a decrease at the four hour (Median= 9.04 mU/L) and a further 

decrease at the six hour time point {Median= 4.90 mU/L). A Wilcoxon Signed Rank 

Test confirmed significant changes across all time points.

There was a postprandial suppression of the NEFA concentration at two hours after

the physiological meal to 0.26 ± 0.09 mmol/L. At four hours and six hours the

concentration rose to 0.46 ±0 .15  mmol/L and 0.69 ± 0.19 mmol/L respectively. The

results of the Friedman test indicated that there was a statistically significant
2difference in NEFA concentration across the four time points with a x (3, n=60) = 

118.4, p<0.005. Inspection of median values showed a decrease in NEFA 

concentration from fasting {Median=0.52 mmol/L) to the two hour (Median=0.25 

mmol/L) to an increase at the four hour {Median=0A5 mmol/L) and a fiirther increase 

at the six hour time point (Median=0.6S mmol/L).

Parameters such as cholesterol, HDL-C, LDL-C, apo AI, apo All, apo B, CRPhs, 

lipoprotein (a) and glucose did not appear to alter after the administration of the 

physiological meal (see figure 3.2.1 and table 3.2.2). Friedman analysis was
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performed on analytes across all time points. The results of this analysis with the 

exception of glucose showed significant differences (see appendix 5, table A5.1).

A Wilcoxon Signed Rank test was used to determine statistical differences between 

concentrations of HDL-C, LDL-C, apo AI, A ll, B, lipoprotein (a) and CRPhs at all 

time points measured. There was a statistically significant difference between fasting 

and two hour concentrations of all analytes with a decrease in the median at two hours 

(see appendix 5, table A5.1). HDL-C and LDL-C also demonstrated a significant 

difference in the four and six hour concentrations post physiological meal although 

the medians did not appear to alter.

Table 3.2.2: Control subject results at fasting and up to six hours post standard 

physiological meal

Analyte Fasting Two hours Four hours Six hours
X ±S D X ±S D X ±S D X ±S D

Triglycerides
(mmol/L) 1.46 ±0.64 2.03 ± 0.84 2.19 ± 1.08 1.77 ±0.88

Glucose (mmol/L) 5.1 ±0.5 5.0 ± 0.8 5.0 ± 0.4 4.9 ±0.3

Cholesterol (mmol/L) 5.13 ±0.97 4.86 ± 0.90 4.84 ± 0.81 4.87 ± 0.82

HDL (mmol/L) 1.4 ±0.42 1.31 ±0.40 1.31 ± 0.41 1.35 ± 0.43

LDL (mmol/L) 3.35 ± 1.01 3.12 ±0.90 3.09 ± 0.87 3.13 ± 0.88

Apo AI (g/dl) 1.53 ±0.30 1.44 ± 0.29 1.45 ±0.30 1.42 ±0.34

Apo All (g/dl) 0.36 ± 0.07 0.33 ± 0.06 0.33 ± 0.06 0.33 ± 0.07

Apo B (g/dl) 1.01 ±0.27 0.94 ± 0.25 0.94 ± 0.23 0.91 ± 0.26

Lp (a) (g/dl) 23.19 ±23.40 21.62 ±22.31 20.41 ±21.57 20.73 ± 20.59

CRPhs (mg/dl) 2.75 ± 3.10 2.67 ± 3.12 2.69 ± 3.00 2.60 ± 2.96

NEFA (mmol/L) 0.55 ±0.21 0.26 ±0.09 0.46 ±0.15 0.69 ± 0.19

Insulin (mU/L) 7.31 ± 5.52 24.96 ± 18.26 12.36 ± 13.74 6.44 ± 5.01

C peptide (ug/L) 1.63 ± 1.03 3.81 ± 1.98 2.32 ± 1.59 1.54 ±0.99
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Figure 3.2.1: Time concentration curves o f control cohort post standard

physiological meal

Each graph is based on mean concentration within the control group. The analyte concentration is 

plotted on the Y axis against time on the X  axis. The standard error o f  the mean is indicated at each 

time point. Wilcoxon Signed Rank test was used to compare concentrations at each time point to 

baseline concentrations, significant differences are indicated by *
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3.3. Case cohort results at initial visit

3.3.1 Glycaemic control

On presentation the H bA lc concentration o f the completed case cohort (n=41) ranged 

from 6.6% to 12.9%. The mean concentration was 8.8 ± 1.4%. The glucose 

concentration ranged from 5.1 to 16.3 mmol/L. See figure 3.3.1 for the distribution o f 

the fasting glucose concentration o f the completed cases at the initial visit.

20n

<7 <8 <9 <10 >10
Glucose Cone (mmol/L)

Figure 3.3.1 Distribution o f the fasting glucose concentrations o f completed cases at 

initial presentation

The glucose concentration is plotted on the x-axis; concentrations are divided into 

five ranges. The number o f cases is plotted on the y-axis.

3.3.2 Baseline fasting results

The forty one completed cases presented with fasting triglyceride concentrations 

ranging from 0.8 mmol/L to 13.8 mmol/L. Twenty three patients (56%) had 

concentrations < 1.7 mmol/L, four patients (10%) had concentrations between 1.7 -
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2.1 mmol/L and fourteen patients (34%) had concentrations > 2 . 1  mmol/L (see 

appendix 2, figure A2.9).

The mean fasting insulin (see appendix 2, figure A2.11) and C peptide concentrations 

were 12.06 ± 6.27 mU/L and 1.57 ± 1.25 jxg/L respectively.

At initial visit the mean fasting NEFA concentrations were 0.76 ± 0.26 mmol/L. Ten 

patients (24%) had fasting NEFA concentrations > 0.6 mmol/L.

The fasting cholesterol, HDL-C and LDL-C concentrations were 4.55 ± 1.08 mmol/L, 

1.28 ± 0.34 mmol/L and 2.87 ± 0.88 mmol/L. Distribution of these analytes in the 

completed cases (n=41) and all cases (n=56) at initial visit are shown in appendix 2, 

figures A2.4, A2.5 and A2.6.

The mean fasting high sensitivity CRP was 7.01 ± 9.46 mg/dl. Seven patients (17%) 

had concentrations < 1 mg/dl, eleven patients (27%) had concentrations between 1 

and 3 mg/dl and twenty three patients (56%) had concentrations > 3 mg/dl.

3.3.3 Postprandial results following physiological meal

The results of completed case fasting and post physiological meal results can be 

viewed in table 3.3.3.1 and figure 3.3.2. The mean triglyceride concentration at four 

hours was 2.87 ± 2.43 mmol/L. Out of the total o f forty one subjects, only four 

patients (10%>) had restored their triglyceride concentrations to fasting levels at four 

hours. At six hours, ten patients (24%>) had restored concentrations to the same as or 

below fasting levels (see appendix 2, figure A2.9).

O f the twenty three patients that had fasting triglyceride concentrations < 1.7 mmol/L, 

sixteen (70%>) had restored concentrations to < 1.7 mmol/L, five patients (21%>) 

however had concentrations between 1.7 and 2.1 mmol/L, and two patients (9%) were 

> 2.1 mmol/L at six hours.

The triglyceride concentration in fifteen patients post physiological meal peaked at 2 

hours, twenty one patients peaked at 4 hours, and five patients peaked at 6 hours.
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The results of the Friedman test indicated that there was a statistically significant 

difference in triglyceride concentration across the four time points hour with a x (3, 

n=41) = 53.682, p<0.005. Inspection of median values showed an increase in 

triglyceride concentration from fasting {Median=\A\ mmol/L) to the two hour 

{Median=2.01 mmol/L) to the four hour {Median=2.02 mmol/L) and a subsequent 

decrease at the six hour time point to (Median=\.99 mmol/L) (confirmed by a 

Wilcoxon Signed Rank Test).

The results of the Friedman test indicated that there was a statistically significant
2

difference in insulin concentration across the four time points with a x (3, n=41) = 

96.132, p<0.005. Inspection of median values showed an increase in insulin 

concentration from fasting {Median=\2.5 mU/L) to the two hour {Median=413 

mU/L) followed by a decrease at the four hour {Median=22>mU/L) and a subsequent 

decrease at the six hour time point to {Median=l4J mU/L) (confirmed by a Wilcoxon 

Signed Rank Test).

The results o f the Friedman test indicated that there was a statistically significant
2

difference in NEFA concentration across the four time points with a x  (3, n=41) = 

79.68, p<0.005. Inspection o f median values showed a decrease in NEFA 

concentration from fasting (Median=OJS mmol/L) to the two hour (Median=0.24 

mmol/L) followed by an increase at the four hour {Median=0.36 mmol/L) and a 

subsequent increase at the six hour time point (Median=0.5S mmol/L), confirmed by a 

Wilcoxon Signed Rank Test. All cases at the initial visit can be viewed in appendix 3, 

table A3.L

Parameters such as cholesterol, HDL-C, LDL-C, apo AI, apo All, apo B and glucose 

did not appear to alter during the postprandial analysis (see figure 3.3.3.2 and table 

3.3.3.1). However as with the control cohort a Friedman Test was performed to 

determine if there were significant changes in the analyte concentrations across the 

measured time points (see appendix 5, table A5.2).
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Lipoprotein (a) and CRPhs did not demonstrate significant concentration changes 

across the time points measured. HDL-C, LDL-C, apo AI, apo All, apo B, cholesterol 

and glucose all demonstrated significant changes following the physiological meal. A 

Wilcoxon Signed Rank Test was used to confirm the significant changes across the 

time points measured. LDL-C, apo AI, apo All and apo B demonstrated a significant 

reduction in concentration following the physiological meal at two hours but no other 

significant concentration change at any other time point. HDL-C and cholesterol also 

demonstrated a significant reduction between fasting and two hour concentrations, 

and a significant rise in concentration at four hours.

Table 3.3.3.1; Completed cases (N=41) fasting and post standard physiological meal 

analyte concentrations.

Analyte Fasting Two hours Four hours Six hours
X ± S D X ± S D X ± S D X t S D

Triglycerides
(mmol/L) 2.1312.11 2.71 ± 2.31 2.87 ±2.43 2.64 ± 2.35

Glucose (mmol/L) 9.0 ±2 .3 11.9 ± 3.5 8.9 ±3.0 7.4 ± 2.4

Cholesterol (mmol/L) 4.55 ± 1.08 4.34 ± 0.94 4.39 ± 0.96 4.40 ± 1.00

HDL-C (mmol/L) 1.28 ±0.34 1.21 ±0.33 1.22 ± 0.32 1.23 ±0.33

LDL-C (mmol/L) 2.87 ± 0.88 2.68 ± 0.78 2.70 ±0.78 2.71 ± 0.80

Apo AI (g/dl) 1.40 ±0.26 1.36 ±0.22 1.35 ± 0.23 1.38 ±0.26

Apo All (g/dl) 0.34 ± 0.06 0.32 ± 0.05 0.32 ± 0.05 0.34 ±0.10

Apo B (g/dl) 0.92 ± 0.23 0.89 ± 0.21 0.89 ± 0.22 0.89 ± 0.23

Lipoprotein (a) (g/dl) 20.7 ± 30.0 20.0 ± 28.6 19.8 ±28.5 18.7 ±25.9

CRPhs (mg/dl) 7.01 ± 9.46 6.85 ± 8.88 6.85 ± 8.88 6.87 ± 8.85

NEFA (mmol/L) 0.76 ± 0.26 0.33 ± 0.22 0.42 ± 0.22 0.70 ± 0.34

Insulin (mU/L) 12.06 ±6 .27 47.39 ± 24.63 26.6 ± 16.77 15.48 ±8.18

C peptide (ug/L) 1.57 ± 1.25 3.64 ± 2.52 3.08 ± 1.97 2.21 ± 1,62
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Figure 3.3.3.2: Time concentration curves o f completed cases (n=41) at initial and 

final visit

Each graph is based on mean concentration within the completed case cohort at initial and fin a l 

presentation. The analyte concentration is plotted on the Y axis against time on the X  axis. The 

standard error o f  the mean is indicated at each time point. Wilcoxon Signed Rank test was used to 

compare concentrations at each time point to baseline concentrations, significant differences are 

indicated by *.
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3.4 Case cohort results at study completion

3.4.1 Case presentation at study completion

The mean period of follow up for the forty one patients with type 2 diabetes involved 

in the study was 200 ± 84 days.

On completion of the protocol the HbAlc ranged from 5.7% to 8.6% with a mean 

concentration of 6.8 ± 0.6%. The improvement HbAlc values for each case is 

illustrated in box plot diagram in figure 3.4.1

15-1

10-

o

Figure 3.4.1 HbAlc improvement in cases at completion of study protocol (n=41) 

HbAlc concentration is plotted on y  axis. The initial and final visits are plotted on x 

axis.

The fasting glucose concentration at completion ranged from 5.4 to 9.7 mmol/L. 

Figure 3.4.2 illustrates the fasting glucose concentration distribution within the cohort.
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Figure 3.4.2 Fasting glucose concentration distribution in completed cases (n=41) at 

study completion

The glucose concentration is plotted on the x axis; concentrations are divided into five 

ranges. The number o f cases is plotted on they axis (see figure 3.3.1 for comparison).

Twenty one participants at completion o f  the study had lost weight. W eight loss was 

defined as greater than 1% of total body weight. Twenty patients remained no weight 

loss, increased in weight or lost less than 1% o f total body weight. The mean weight 

loss was 5.57 ± 3.86 kg as compared to mean weight gain o f 1.89 ± 2.78 kg. Figure 

3.4.3 illustrates the weight change in each case at completion.
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Figure 3.4.3: Weight change in each case at study completion.

Change in weight (kg) is plotted on the y  axis. The change in weight o f  each case is 

plotted on the x  axis.

3.4.2 Baseline fasting results

In the completed cases at final visit, twenty four cases (59%) had a fasting triglyceride 

concentration < 1.7 mmol/L. Five patients had a concentration between 1.7 mmol/L 

and 2.1 mmol/L, the remaining twelve patients had concentrations > 2.1 mmol/L (see 

appendix 2, figure A2.9).

The mean fasting insulin and C peptide concentrations were 11.99 ± 6.53 mU/L and 

1.42 ± 1.33 ^g/L respectively (See appendix 2, figure A2.11).

At completion of the study fasting NEFA concentrations were 0.6 ± 0.3 mmol/L. 

Nineteen patients (46%) had a concentration >0.6 mmol/L.
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The mean fasting cholesterol HDL-C and LDL-C concentrations were 4.32 ± 0.92 

mmol/L, 1.24 ± 0.25 mmol/L and 2.69 ± 0.91 mmol/L respectively (see appendix 2, 

figures A2.4, A2.5 and A2.6).

Nine patients (22%) had a fasting CRPhs < 1 mg/dl, fourteen patients (34%) had 

concentrations between 1 -  3 mg/dl, and eighteen patients (44%) had concentrations > 

3 mg/dl (see appendix 2, figure A2.7).

3.4.3 Postprandial results following physiological meal

The results of completed case fasting and post physiological meal results can be 

viewed in table 3.4.3.1 and figure 3.3.3.2. At completion of the study, four patients 

(10%) at four hours and five patients (12%) at six hours had restored triglyceride 

concentration to fasting levels. Sixty six percent had a maximum triglyceride 

concentration at four hours post physiological meal. Maximum concentration was 

achieved at two hours and six hours by 7% and 27% of the cohort respectively.

O f the twenty four patients who had a fasting triglyceride concentration of < 1.7 

mmol/L sixteen patients managed to restore the triglyceride levels to < 1.7 mmol/L at 

six hours post the physiological meal.

The results of the Friedman test indicated that there was a statistically significant
2

difference in triglyceride concentration across the four time points with a x (3, n=41) 

= 57.088, p<0.005. Inspection of median values showed an increase in triglyceride 

concentration from fasting {Median=\.6 mmol/L) to the two hour (Median=\.B, 

mmol/L) to the four hour (Median=2.39 mmol/L) and a subsequent decrease at the six 

hour time point (Median=2.2\ mmol/L) (confirmed by a Wilcoxon Signed Rank 

Test).

At two hours 93% o f the cohort had insulin concentration of > 12 mU/L; at four hours 

this percentage decreased to 78% and at six hours post standard physiological meal 

the percentage decreased fiirther to 54% of the cohort (see appendix 2, figure A2.11). 

The C peptide results also demonstrated a similar trend. The number o f patients that
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had concentrations < 3|xg/L increased from twenty one at two hours to twenty seven 

and thirty four at four and six hours respectively.

The results of the Friedman test indicated that there was a statistically significant 

difference in insulin concentration across the four time points with a x (3, n=41) = 

85.61, p<0.005. Inspection of median values showed an increase in insulin 

concentration from fasting (Median=\2 mlJ/L) to the two hour {Median=4\ mU/L) to 

a decrease at the four hour (Median=\9.9 mU/L) and a subsequent decrease at the six 

hour time point {Median=\3A mU/L) (confirmed by a Wilcoxon Signed Rank Test).

The results of the Friedman test indicated that there was a statistically significant 

difference in NEFA concentration across the four time points with a x (3, n=41) = 

83.46, p<0.005. Inspection of median values showed a decrease in NEFA 

concentration from fasting {Median=0.6\ mmol/L) to the two hour (Median= 0.27 

mmol/L) to an increase at the four hour (Median= 0.37 mmol/L) and a subsequent 

increase at the six hour time point (Me^//a/7=0.61 mmol/L) (confirmed by a Wilcoxon 

Signed Rank Test).

A Friedman Test was used to determine if there were significant changes in the 

analytes measured across all time points. Apo AI, apo All, CRPhs and lipoprotein 

(a) did not demonstrate significant changes at the time points measured. Apo B, 

cholesterol, HDL-C, LDL-C had a statistically significant result using a Friedman test. 

Further analysis using a Wilcoxon Signed Rank Test confirmed significant changes in 

these parameters at fasting and two hours post physiological meal only (see appendix 

5, table A5.3).
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Table 3.4.3.1: Completed cases (N=41) fasting and post physiological meal results at 

study completion.

Analyte Fasting Two hours Four hours Six hours
X ±  SD X ± S D X ± S D X ± S D

Triglycerides
(mmol/L) 1.82 ± 1.09 2.17 ± 1.36 2.66 ± 1.59 2.46 ± 1.58

Glucose (mmol/L) 6.93 ± 1.04 9.09 ± 2.22 5.93 ± 1.55 5.27 ± 1.03

Cholesterol (mmol/L) 4.32 ± 0.92 4.15 ± 0.90 4.20 ± 0.89 4.23 ± 0.96

HDL-C (mmol/L) 1.24 ±0.25 1.23 ±0.30 1.19 ± 0.25 1.19 ±0.26

LDL-C (mmol/L) 2.69 ± 0.91 2.55 ± 0.85 2.53 ± 0.85 2.54 ± 0.88

Apo Al (g/dl) 1.46 ±0.24 1.42 ±0.24 1.41 ± 0.24 1.43 ±0.23

Apo All (g/dl) 0.34 ± 0.05 0.33 ± 0.06 0.33 ± 0.05 0.33 ± 0.05

Apo B (g/dl) 0.87 ± 0.27 0.84 ± 0.26 0.84 ± 0.25 0.84 ± 0.27

Lp (a) (g/dl) 26.63 ± 34.04 26.70 ± 34.30 27.17 ±36.00 26.05 ± 34.96

CRPhs (mg/dl) 4.01 ±6.17 3.99 ±6.21 4.08 ± 6.34 4.12 ± 6.28

NEFA (mmol/L) 0.66 ± 0.26 0.28 ± 0.14 0.41 ±0.18 0.64 ± 0.23

Insulin (mU/L) 11.99 ±6.53 49.6 ± 28.34 22.83 ± 14.37 13.56 ± 7.22

C peptide (ug/L) 1.42 ± 1.33 3.34 ± 2.85 2.53 ±2.31 1.78 ± 1.69
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3.5 Quantimetrix™ Lipoprint results for all cohorts.

3.5.1. LDL-C sub-fraction results

LDLl and LDL2 represent the more buoyant LDL fractions. LDL3-7 represents small 

dense LDL. The LDL-C sub-fraction analysis results are in table 3.5.1.

Table 3.5.1: LDL sub-fraction results for cases and controls

Controls
All c a se s  

initial Visit

Completed 
c a ses  initial 

visit
Completed c a se s  

final visit
N 60 56 41 41

X± S D X ± S D X± S D X± S D
VLDL-C
(mg/dl) 30.22 ± 13.71 29.68 ± 13.57 28.63 ± 13.60 26.85 ± 11.53

IDLC (mg/dl) 21.18 ±7.53 19.89 ± 7.84 19.32 ±7.21 18.10 ± 6.27

IDLB (mg/dl) 12.63 ± 6.06 11.71 ±4.29 11.71 ± 3.61 10.83 ±3.34

IDLA (mg/dl) 15.05 ±7.38 11.91 ±4.45 12.78 ±4.60 11.17 ± 3.93
LDL1
(mg/dl) 34.72 ± 9.73 28.54 ± 9.46 30.51 ± 9.3 27.88 ± 9.38
LDL2
(mg/dl) 21.55 ± 11.05 19.48 ± 9.88 18.49 ± 9.24 19.93 ± 10.04
LDL3
(mg/dl) 3.80 ± 4.86 4.63 ± 6.47 3.56 ± 5.61 4.34 ± 4.77
LDL4
(mg/dl) 0.63 ± 1.95 1.41 ±4.00 1.05 ± 3.69 1.07 ± 2.64
LDL5
(mg/dl) 0.15 ± 0.94 0.41 ±2.17 0.46 ± 2.51 0.24 ± 0.80
LDL6
(mg/dl) 0.07 ± 0.52 0.16 ± 1.20 0.22 ± 1.41 0.02 ±0.16
LDL7
(mg/dl) 0.23 ± 0.67 0.18 ± 0.94 0.24 ± 1.09 0.12 ±0.56
mean LDL 
Size 269.17 ±4.61 268.14 ±6.30 268.93 ±6.21 267.83 ± 4.96
*% Small 
dense LDL 6.74 ± 9.27 9.08 ± 13.37 7.14 ± 12.41 9.31 ±11.08
*%small dense LDL is calculated from the percentage o f  LDL sub-fractions 3-7 as

compared to a ll  sub-fractions 1-7. Note that some o f the LDL-C subfraction analysis was 

carried out as part o f  other studies (Assessment o f  Low Density Lipoprotein (LDL) Subfractions in type 

2 diabetes (2007) and a study o f  small dense LDL and oxidised LDL in a type 2 diabetic population 

and a non diabetic population (2008))
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Eighteen control patients were designated LDL pattern type non-A (high risk). The 

remaining forty two patients were designated pattern type A (low risk) (Hoefher et al 

2001). Thirteen completed cases at the initial visit had pattern type non-A; the 

remaining twenty eight cases were assigned type A. On completion of the study 

seventeen cases were assigned type non-A. Six cases had changed pattern from type A 

to non-A, and two cases had changed from type non-A to A.

The control cohort had the lowest percentage mean small dense LDL and a marginally 

higher mean LDL size. There was also a significantly higher buoyant LDLl fraction 

and IDLA subfractions in the control cohort compared to all cases at the initial visit 

and completed cases at the initial and the final visits (see appendix 5, table A5.4). On 

completion of the study the completed case cohort showed an increase in percentage 

small dense LDL as compared to the initial measurement. This was accompanied by a 

small increase in mean LDL size.

The relationship between sdLDL (LDL sub-fractions 3-7), fasting triglycerides 

concentration and triglyceride area under the curve was investigated using 

Spearman’s product-moment correlation coefficient (Spearman’s rho) for controls and 

cases. There was a strong positive correlation in the completed cases cohort (initial 

visit) between fasting triglyceride and sdLDL (rho=.553 n=41, p<0.005) with high 

levels of fasting triglyceride associated with high levels o f sdLDL. This correlation 

was not as strong in the control cohort rho=.349 n=60, p<0.05 (see appendix 2, 

figures A2.17 and A2.18 for scatter plots). The correlation between triglyceride area 

under the curve and sdLDL was not as strong in the completed case cohort (inifial 

visit) rho=.411 n=41, p<0.05 or the control cohort rho=.271 n=60, p<0.05.

No significant changes were noted in LDL sub-fractions at completion of the study 

protocol.
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3.5.2. HDL-C sub-fraction results

The HDL-C sub-fraction resuhs are shown in table 3.5.2. The control cohort appears 

to have higher results for large, intermediate and small HDL-C fractions. At 

completion o f the study the completed cases demonstrated a decrease in the 

concentrations o f large and intermediate HDL-C fractions and an increase in small 

dense HDL-C sub-fractions.

Table 3.5.2: HDL sub-fractions results for cases and controls

Analyte Controls
All c a se s  at 
initial visit

Completed 
c a se s  Initial 

visit

Completed 
c a se s  final 

visit
N 60 56 41 41

X± S D X± S D X± S D X± S D

HDL1 (mg/dl) 3.05 ±2.35 2.46 ± 2.92 2.83 ±3.11 2.51 ± 2.04

HDL2 (mg/dl) 5.58 ± 3.59 4.25 ± 3.43 4.73 ± 3.65 4.51 ±2.85

HDL3 (mg/dl) 4.45 ±2.85 3.32 ± 2.31 3.66 ± 2.41 3.73 ±2.31

HDL4 (mg/dl) 5.87 ± 3.04 4.73 ± 2.25 5.07 ± 2.27 4.76 ± 2.05

HDL5 (mg/dl) 6.47 ±2.11 5.41 ± 1.71 5.71 ± 1.65 5.44 ± 1.86

HDL6 (mg/dl) 11.42±3.18 10.88 ±2.76 11.34±2.12 11.00 ±3.41

HDL7 (mg/dl) 4.12± 1.20 3.91 ± 1.15 3.95 ± 0.92 4.05 ± 1.09

HDL8 (mg/dl) 4.12± 1.43 4.18 ± 1.31 4.17 ± 1.09 4.15 ± 1.22

HDL9 (mg/dl) 3.33 ± 1.35 3.30 ± 1.36 3.12± 1.12 3.22 ± 1.35

HDL10 (mg/dl) 5.70 ± 4.76 5.20 ± 4.22 4.46 ± 3.03 4.78 ± 3.72

Large (mg/dl) 13.00 ±8.25 9.95 ± 8.23 11.12±8.80 10.56 ±6.38

Intermediate
(mg/dl) 27.87 ± 7.82 24.91 ± 6.28 26.10 ±5.50 25.17 ±5.77

Small (mg/dl) 13.05 ±6.55 12.68 ±6.17 11.80 ±4.80 12.32 ±5.47
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The large, intermediate and small HDL subfractions were higher in the control cohort 

as compared to all the case cohorts. After improving glycaemic control, the completed 

case cohort showed an increase in the small HDL sub-fraction as compared with 

initial measurement.

The relationship between measured parameters and large and small HDL subfractions 

was investigated using Spearman’s rho in the control and case cohorts (see appendix 

2, figures A2.19 and A2.20 for scatter plots, appendix 5, table A5.5 for results of 

correlation). All cohorts demonstrated a strong negative correlation between large 

HDL, triglyceride area under the curve and fasting triglycerides, and a strong positive 

correlation with fasting apolipoprotein AI and HDL-C concentrations. In the control 

cohort there was a strong negative correlation between HDL sub-fractions and weight, 

body mass index and HbAlc concentrations not demonstrated in the other cohorts.

A Mann-Whitney U test was used to determine the statistically significant differences 

between the cohorts. The controls demonstrated significantly higher large HDL sub

fractions than all cases at initial presentation (see appendix 5, table A5.6).

A Wilcoxon Signed Rank test did not reveal any statistically significant changes in the 

completed cases between the initial and final visits.

3.6 Lipid lowering medication in completed cases

No participant in the control cohort was on any form of lipid lowering medication 

during the study. The medication involved in the treatment of the completed cases 

cohort is outlined in table 3.1.1.

Seventeen (41%) completed cases did not use lipid lowering medication throughout 

the study. Fifteen patients (37%) presented for initial consultation already using lipid 

lowering medication and nine (22%) patients were started on medication after initial 

consults before the final phase of the study. The lipid lowering therapy used in all 

cases was a statin.

88



The completed case cohort was divided into two groups based on the use o f statin 

medication (see table 3.6.1). A Mann-Whitney U test was used to determine 

statistically significant differences between the groups. At initial presentation no 

significant differences were noted between cases based on statin medication. The 

triglyceride concentrations across the four time points measured appeared to be lower 

in the statin group, without achieving statistical significance.

When cases were compared on the final visit, significant differences were found in 

fasting apolipoprotein B, cholesterol and LDL-C concentrations. Higher 

concentrations o f these analytes were present in the group that were not taking statin 

medication. The four and six hour triglyceride concentrations also gave significantly 

different results, with the lowest concentrations achieved in the group taking statin 

medication (see appendix 5, table A5.7).

The comparison o f HDL and LDL sub-fractions can be viewed in appendix 3, table 

A3.2. The case cohort on statin medication had lower percentage sdLDL fractions at 

both measurement points within the study although this failed to achieve statistical 

significance. It was noted that cases taking statin medication had no small dense 

LDL6 or LDL7 at the initial measurement and no small dense LDL6 at the final 

measurement. Cases on statin medication had lower concentrations o f all small dense 

LDL fractions at initial and final measurements with the exception o f LDL7.

There were no significant differences between the case cohorts at the initial 

measurement. At the final measurement cases taking statin medication demonstrated 

significant differences in IDL-B, IDL-C, LDL2 and HDL3 fractions,- all being 

significantly lower in completed cases taking statin medication (see appendix 5, table 

A5.8).
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Table 3.6.1 Completed case cohort (N=41) divided into groups based on statin 

medication use.

s ta tin
(n=24)

No S tatin  
(n=17)

S tatin
(N=24)

No S tatin  
(n=17)

A nalyte Initial Initial p<0.05 Final Final p<0.05
X ± S D X±  SD X ± S D X±  SD

Age (yrs) 56.4 ± 9.0 56.6 ±8.7 NS 56.9 ± 8.9 57.4 ± 8,6 NS

Weight (kg) 92.9 ± 23.0 91.6 ± 19.8 NS 89.7 ±21.4 91,5± 18,7 NS

BMI (kg/m^) 33.4 ± 7.3 31.3 ±6.0 NS 32.3 ±6,5 31,3 ± 5,5 NS

HbA1c(%) 8,68 ± 1.17 8.91 ± 1.61 NS 6,95 ± 0,72 6,50 ± 0,42 0.026
HOMA-IR 4,87 ± 2,78 4,65 ±3,35 NS 3,22 ± 1,89 4,31 ±2,18 NS

Triglyceride F 
(mmol/L) 1,69 ±0.94 2,76 ± 3,03 NS 1,63 ± 1,07 2,09 ± 1,10 NS

Triglyceride 
2hr (mmol/L) 2.30 ± 1,13 3,29 ± 3,29 NS 1,93 ±1,19 2,50 ± 1,54 NS

Triglyceride 
4hr (mmol/L) 2.36 ± 1,24 3,60 ± 3,40 NS 2,26 ±1,44 3,23 ± 1.64 0.024

Triglyceride 
6hr (mmol/L) 2,17 ± 1.32 3,29 ± 3.29 NS 2,12 ±1,48 2.95 ± 1.63 0.035
Glucose
(mmol/L) 8,73 ± 1.78 9,34 ± 2.83 NS 6,94 ± 1,16 6,93 ±0,88 NS

Cholesterol
(mmol/L) 4.35 ±0,83 4,82 ± 1,33 NS 4,01 ±0,89 4,77 ±0,77 0.006
HDL-C
(mmol/L) 1,28 ±0,37 1,29 ±0,32 NS 1,24 ±0,23 1,23 ±0,28 NS
LDL-C
(mmol/L)

2,90 ± 
0,97 2.83 ± 0.75 NS 2,46 ± 1.0 3,01 ± 0.65 0.013

Apo Al (g/dl) 1,35 ±0.27 1,47 ±0,22 NS 1.46 ±0.20 1.45 ±0.30 NS

Apo All (g/dl) 0.32 ± 0.07 0,35 ± 0,03 NS 0.33 ± 0.04 0.35 ±0.05 NS

Apo B (g/dl) 0,90 ±0,21 0,95 ± 0,26 NS 0,80 ± 0,30 0.97 ±0.21 0.03
CRPhs
(mg/dl)

8,94 ± 
11,30 4.29 + 5,12 NS 4,90 ± 7.76 2.81 ± 2,45 NS

NEFA
(mmol/L) 0,78 ± 0,22 0.73 ±0.31 NS 0.68 ± 0.23 0,63 ± 0,29 NS
Insulin
(mU/L)

12,80 ± 
6,51

11.01 ± 
5.95 NS

10.55 ± 
6.13 14,01 ±6,71 NS

C Peptide 
(ug/L) 1.38 ± 1.31 1,84 ± 1.15 NS 1,27 ± 1,52 1.62 ± 1.02 NS

Mann-Whitney U Test was used to compare analytes, significance p<0.05
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3.7 Apolipoprotein B48 results for all cohorts

The apolipoprotein B48 results (both fasting and postprandially) are available in table 

3.7.1. There were no significant statistical differences at fasting, two hours, four hours 

and six hours between the controls, all cases at the initial visit and completed cases at 

the initial and final visits.

The control cohort had a peak median at four hours (13.35 |ag/ml). All cases at the 

initial visit had a peak median at four hours (15.09 |xg/ml). Completed cases at the 

initial visit also had a peak median at four hours (13.60 |ig/ml).

Table 3.7.1: Apolipoprotein B48 results at fasting and post physiological meal for all

cohorts

Apolipoprotein B48 (Mg/ml)
Cohorts N Fasting Two hour Four hour Six hour

X ± S D X ± S D X ± S D X ± S D
Controls 60 7.41 + 4.07 13.86 ± 7.09 14.81 ± 7.72 13.04 ± 7.67

All cases 
initial 56 9.94 ± 10.14 15.14 ± 10.05 16.13 ± 9.92 17.42 ± 13.93

Completed 
cases initial 41 7.64 ± 5,83 13.37 ± 7.38 15.75  ± 9.54 16,40 ± 11.34

Completed 
cases final 41 11.00 ± 10.42 14.20 ± 11.39 18.73 ± 13.67 17.46 ± 14.86

Completed 
cases statin 
initial 24 7.12 ± 6.03 13.14 ± 6.30 14.24 ± 8.66 15.47 ± 11.70

Completed 
cases statin 
final 24 9.88 ± 11.44 13.36 ± 10.95 16.79  ± 12.62 14.33 ± 14.37
Completed 
cases no 
statin initial 17 8.39  ± 5.62 13.69 ± 8.90 17.88 ± 10.56 17.71 ± 11.04

Completed 
cases no 
statin final 17 12.59  ± 8.88 15.38 ± 12.22 21.46  ± 14.99 21.88  ± 14.80

The completed cases at the final visit had a peak median at four hours that was higher 

than the peak median at the initial visit (14.28 |ig/ml).
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The results o f the Friedman test indicated that there was a statistically significart 

difference in apo B48 concentration across the four time points (fasting, 2 hour, 4 

hour and 6 hour) in the control cohort with a  ̂ (3, n=60) = 80.289, p<0.005.

Inspection of median values showed an increase in apo B48 concentration from 

fasting {Median=6.9A |ag/ml) to the two hour {Median=\2.\% |0.g/ml) with a further 

rise at the four hour {Median= 13.35 |ig/ml) and a subsequent decrease at the six hour 

time point (Median= 11.22 ^ig/ml).

All cases at the initial visit also indicated there was a statistical difference across ail 
2

time points with a % (3, n=56) = 56.550, p<0.005. hispection of median values

showed an increase in apo B48 concentration from fasting (Median=7.36 [ig/ml) to

the two hour {Median=\2.9% )ig/ml) with a further increase at the four hour

{Median=\5.Q9 jig/ml) and a subsequent decrease at the six hour time point

{Median=\2.Q4 jxg/ml). The completed cases at the initial visit demonstrated a similar 
2

pattern with a x (3, n=41) = 54.863, p<0.005. Inspection of median values showed an 

increase in apo B48 concentration from fasting {Median=5J9 ^g/ml) to the two hour 

(Median=\\.55 |ig/ml) to a ftirther increase at the four hour (Median=\3.60 |ig/ml) 

and a subsequent decrease at the six hour time point {Median=\2.95 |ig/ml). The 

completed cases at the final visit also demonstrated significant changes across the four 

time points with a x (3, n=41) =46.373, p<0.005. Inspection of median values showed 

an increase in apo B48 concentration from fasting {Median=l,3\ |ag/ml) to the two 

hour (Median= 10.13^ig/ml) to a decrease at the four hour (Median=l4.2S [ig/ml) and 

a subsequent further decrease at the six hour time point (Median= I \ .67ng/m\). A 

Wilcoxon Signed Rank Test was used to confirm statistical differences between all 

time points. All cohorts had significant differences between fasting and two hour 

concentrations. Completed cases at the final visit also had a significant increase 

between the two and four hour concentrations. The control cohort had a significant 

decrease between the four and six hour concentrations.

The AUC and iAUC were calculated for each cohort see table 3.7.2 and figure 3.7 1 

(see appendix 1, section A 1.16). The AUC was calculated using the trapezoidal 

method. The incremental area under the curve was also calculated. This involves the 

subtraction of the baseline values from the postprandial values and recalculating the
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AUC (Lairon et al 2007). A response curve analysis can be viewed in appendix 2 

section A2.14.

As expected the controls demonstrated the lowest mean apo B48 AUC of all the 

cohorts. The completed cases taking statin medication at the initial visit had the 

lowest mean apo B48 AUC within the cases. When completed cases at the initial visit 

were compared on the basis of statin medication use, cases taking statin medication 

demonstrated lower apo B48 concentration at six hours {Median=\239 |ig/ml) 

compared to cases not taking statin medication {Median=\A2% |u.g/ml). However this 

failed to achieve significance.

Table 3.7.2: Apolipoprotein B48 AUC and iAUC for all cohorts

Apo B48 AUC (ug/Hr/ml ’) Apo B48 iAUC (ug/Hr/mi-’)
X ± S D X ± S D

Controls 60 77.78 ±36 .02 33.40 ± 20.33

All ca ses initial 56 89.90 ± 52.05 30.29 ±38.17

Completed cases initial 41 82.27 ± 42.40 36.43 ±29.19

Completed cases final 41 94.30 ± 68.92 27.72 ± 35.84

Completed cases  
statin initial 24 77.35 ±38 .33 34.68 ± 22.88
Completed cases  
statin final 24 84.49 ±69 .10 25.21 ±27.10
Completed cases no 
statin initial 17 89.22 ±47.91 38.89 ± 36.97
Completed cases no 
statin final 17 108.16 ±68 .28 31.26 ±46.20
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Figure 3.7.1; Apo B-48 AUC for controls, all cases at initial visit and completed cases 

at initial and final visit

Apo B-48 A UC is plotted on y  axis and cohorts are plotted on the x axis.

Cases taking statin medication also demonstrated lower median fasting and four hour 

apo 848 concentrations. At completion of the study protocol cases taking statin 

medication demonstrated significantly lower apo B-48 concentrations at 6 hours 

(^7=104, z=-2.647, p=O.OOS, r=.413) and almost achieved significantly lower 

concentrations at fasting {U=132, z=-1.905,/7=0.057, r=0.297).

The control cohort had a lower mean and median apo B48 AUC {Median=lQ26 

fig/Hr/ml-') but not incremental AUC (Median= 34.8 |ig/Hr/ml-’), when compared to 

all cases at the initial visit (apo B48 AUC Median=73.6 ^ig/Hr/ml-' and apo B48 

iAUC Median=3\.6\ ^g/Hr/ml-'). The controls also had a marginally lower apo B48 

AUC but not incremental AUC when compared to completed cases at the initial visit 

(apo B48 AUC Median=70J4 ^ig/Hr/ml-' and apo B48 iAUC Median=3\.\6 

|o,g/Hr/ml-'). These results failed to achieve statistical significance. The completed 

cases at the final visit also had higher mean and median apo B-48 AUC



{Median=72A3 |Lig/Hr/ml-') and lower incremental apo B48 AUC {Median=22.9A 

)o.g/Hr/ml-') than the control cohort.

The completed cases at the final measurement failed to achieve a significant 

improvement in apo B-48 AUC or incremental AUC.

As expected all cohorts demonstrated strong positive correlation between apo B48 

AUC and fasting apo B-48 concentration, triglyceride AUC, triglyceride iAUC and 

fasting triglyceride concentration. There was a negative correlation with fasting HDL- 

C concentration and large HDL sub-fraction in all cohorts. The strongest correlation 

was in the completed cases at final visit (see appendix 5, table A5.17).

There was a positive correlation with apo B48 AUC and VLDL sub-fraction. The 

strongest correlation was in the completed cases at the final visit. BMl did not 

demonstrate a strong correlation in controls or all cases at the initial visit. However 

the completed cases at initial and final visit showed a stronger correlation with BMl 

with the strongest correlation at the final visit. HOMA-IR had a strong correlation 

with apo B48 AUC in completed cases at the final visit.
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3.9 Triglyceride AUC in the postprandiai phase

3.9.1 Triglyceride AUC

The triglyceride AUC was calculated for all cohorts using the trapezoidal method. 

Results can be viewed in table 3.9.1. A response curve analysis can be viewed in 

appendix 2, section 2.14.

The control cohort had the lowest mean triglyceride AUC concentration across all 

cohorts. The completed cases not taking statin medication had the highest mean 

triglyceride AUC. The completed cases did demonstrate a reduction in mean 

triglyceride AUC at the final visit. When the completed cases were divided into two 

groups based on statin medication, both groups demonstrated an improvement at the 

final measurement point (see table 3.9.1)

Table 3.9.1: Triglyceride AUC for all cohorts

N Triglyceride AUC (mmol/Hr/L"’)
X ± S D

Controls 60 11.97 ±6 .00

All ca ses  initial 56 16.84 ± 12.83

Completed ca ses  initial 41 15.93 ± 13.73

Completed ca se s  final 41 13.95 ±8 .34

Completed ca ses  statin initial 24 13.17 ±6.51

Completed ca ses  statin final 24 12.14 ±7 .63

Completed ca ses  no statin initial 17 19.82 ± 19.56

Completed ca ses  no statin final 17 16.50 ± 8.87

A Mann-Whitney U test revealed a significant difference in the triglyceride AUC 

concentration between controls (Median=l0.69 mmol/Hr/L ', n=60) and all cases at 

initial measurement (Meciian=l2.S0 mmol/Hr/L ', n=56), U=126\, z=-2.31, p=.02\, 

r=.22. The control cohort did not demonstrate a significant difference fi’om the 

completed cases at the initial and final measurement. The mean triglyceride AUC in 

the control cohort was the lowest of any o f the groups measured with a 41% lower 

mean concentration than all cases at inifial measurement. The cohort o f completed
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cases on statin medication at final visit had a triglyceride AUC almost comparable 

with the control cohort.

A Wilcoxon Signed Rank Test did not reveal a statistically significant reduction in 

triglyceride AUC in completed cases at study completion z=-1.924, p=0.054 with a 

small size effect r=0.21. The median score o f triglyceride AUC decreased from initial 

measurement {Median=\\.^ mmol/Hr/L') to the final measurement {M edian=\\A9  

mmol/Hr/L').

No significant improvement was seen in the cohort of cases taking statin medication 

or not taking statin medication at completion of study protocol.

The relationship between triglyceride AUC and other parameters measured was 

investigated using Spearman’s rho. Results can be viewed in appendix 5 table A5.9. 

Scatter plots can be seen in appendix 2, figures A2.21 and A2.22. There was a strong 

positive correlation between triglyceride measured at all time points and triglyceride 

AUC across all cohorts. There was an inverse negative correlation between 

triglyceride AUC and fasting HDL-C concentrations particularly the large HDL 

fraction (as determined by Lipoprint^'^ analysis). BMI had a positive correlation with 

triglyceride AUC in the completed cases at initial and final measurement; this 

relationship was weak in the control cohort.

3.9.2 Triglyceride incremental AUC (iAUC)

The triglyceride iAUC was calculated for every participant in the study; results are 

available in table 3.9.2.1. The completed cases at final visit taking statin medication 

appear to have the lowest mean triglyceride iAUC.

There did not appear to be any improvement in the mean triglyceride iAUC at 

completion of the study in the completed cases. The portion of cases within this 

cohort not taking statin medication actually appeared to increase their mean 

triglyceride iAUC concentration at final measurement.
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A Mann-Whitney U test revealed no significant difference in the triglyceride iAUC 

between controls {Median=2.54 mmol/Hr/L', n=60) and all cases at initial 

measurement {Median=3AS mmol/Hr/L'', n=56), t/=1473, z=-1.144, p=.253, r=.106. 

No significant difference was noted when the control cohort was compared to 

completed cases at the initial and final measurement. However controls did appear to 

have lower mean triglyceride iAUC concentration than the completed case cohort.

Table 3.9.2.1: Triglyceride iAUC for all cohorts

N Triglyceride iAUC (m m ol/H r/U )
X ± S D

Controls 60 2.89 ± 2.04

All cases initial 56 3.55 ± 3 .1 5

Completed cases initial 41 3.12 ± 2 .5 6

Completed cases final 41 3.03 ± 2.89

Completed cases statin initial 24 3.01 ± 2.45

Completed cases statin final 24 2.36 ± 2.27

Completed cases no statin initial 17 3.29 ± 2.77

Completed cases no statin final 17 3.97 ± 3.45

A Wilcoxon Signed Rank Test did not reveal a statistical reduction in triglyceride 

iAUC in the completed cases cohort from start to completion o f the study. There was 

a disimprovement in completed cases not taking statin medication triglyceride iAUC 

from the initial {Median=3.33 mmol/Hr/L', n=17) to the final {Median=4.06 

mmol/Hr/L ', n=17) measurement. The cases taking statin medication demonstrated a 

slight improvement in median iAUC from initial (Median=2J3 mmol/Hr/L ', n=24) 

to final {Median=2.34 mmol/Hr/L', n=24) measurement. This failed to achieve 

significance.

Spearman’s rho was used to investigate the relationship between triglyceride iAUC 

and other analysed parameters. The strongest positive correlation across all cohorts 

was the triglyceride concentration at 4 hours (see appendix 5, table A5.10 and 

appendix 2, figure A2.23).
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3.9.4 Ideal AUC

An ideal triglyceride AUC was arbitrarily defined as 10.2 mmol/Hr/L'’ calculated 

from a fasting, two hour, four hour and six hour triglyceride concentration of 1.7 

mmol/L (International Diabetes Federation definition of metabolic syndrome, Alberti 

et al 2005).

The control cohort analytes measured are divided into two groups; those that achieved 

an ideal AUC and those that did not (see table 3.9.4.1).

A Mann-Whitney U Test was used to determine statistically significant differences 

between the two groups. The ideal AUC cohort demonstrated significantly lower 

weight (f/=289.0, z=-2.I58, p=0.031, r=0.28) and BMI (?7=302.0, z=-1.962, p=0.050, 

r=0.25) with respective median scores of 73.1 kg and 25.9 kg/m^ compared to the non 

ideal AUC group ( weight Median=^4.1 kg, BMI Median=2S.O kg/m^).

The glycaemic control was also significantly better in the ideal AUC group as 

identified by HbAlc (t/=247.5, z=-2.791,p=0.005, a- 0.36), HOMA-IR (t/=234.0, z=- 

2.988, p=0.003, r=0.39), fasting glucose (?7=234.5, z=-2.999, p=0.003, r=0.39), 

insulin AUC (t/=211.0, z=-3.335, p=0.001, r=0.43) and C peptide AUC (t/=295.0, 

z=-2.067,p=0.039, r=0.27).

As expected the triglyceride AUC in the ideal AUC cohort was significantly lower 

with a median o f 7.05 mmol/Hr/L ' as compared to a median of 13.92 mmol/Hr/L ' in 

the non ideal AUC cohort (U=0, z=-6.519, p=0, r=0.84). The fasting triglyceride 

concentration (t/=30.0, z=-6.066, p=0, r=0.81) and incremental triglyceride AUC 

(t/=I03.5, z=-4.957, p=0, r=0.64) was significantly lower in the ideal AUC cohort. 

The apo 048 AUC was also significantly lower in the ideal AUC cohort (U=199, z=- 

3.516, p=0, r=0.45) with a median of 53.92 |xg/Hr/ml-' as compared to a median of 

84.09 )j.g/Hr/ml-' in the non ideal AUC cohort. The apo B48 concentrations across all 

time points measured were lower in the ideal AUC cohort.
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Table 3.9.4.1: Control cohort divided into 2 groups on the basis o f  achievement o f  an 

ideal AUC

Ideal AUC non Ideal AUC p<0.05
N 24 36
Analytes X ±SD X ± SD
Age 49.0 ± 5.5 50.6 ±5.1 NS
Weight (kg) 77.7 ± 19.5 86.5 ± 19.5 0.031
BMI (kg/tn^) 27.6 ± 7.1 29.3 ± 6.2 0.05
HOMA-IR 1.22 ± 1.30 2.04 ± 1.38 0.003
HbA1c(%) 5.27 ± 0.37 5.62 ± 0.54 0.005
Triglyceride AUC (mmol/Hr/L') 6.91 ±2.11 15.34 ±5.34 0.000
Triglyceride iAUC (mmol/Hr/L^) 1.33 ± 1.31 3.93 ± 1.75 NS

Apo B48 AUC (^ig/Hr/ml ') 59.23 ± 24.26 90.15 ±37.51 0.000

Apo B48 iAUC (|ig /H r/m l-') 29.10 ±21.19 36.26 ± 19.50 NS
Triglyceride (mmol/L) 0.93 ± 0.28 1.82 ±0.57 0.000
HDL-C (mmol/L) 1.61 ±0.44 1.25 ± 0.33 0.002
LDL-C (mmol/L) 3.02 ± 1.17 3.57 ± 0.83 0.033
Cholesterol (mmol/L) 4.87 ± 1.10 5.3 ±0.85 NS
Insulin AUC (mU/Hr/L ’) 54.37 ± 32.04 111.08 ±65.68 0.001
C peptide AUC (ug/Hr/L ’) 12.50 ±6.68 17.37 ±8.61 0.039
Glucose (mmol/L) 4.88 ± 0.33 5.25 ± 0.55 0.003
NEFA (mmol/L) 0.52 ± 0.23 0.57 ± 0.19 NS
Apo Al (g/dl) 1.66 ±0.33 1.44 ± 0.23 0.007
Apo All (g/dl) 0.36 ± 0.08 0.35 ± 0.07 NS
Apo B (g/dl) 0.90 ± 0.30 1.09 ± 0.23 NS
CRPhs (mg/dl) 1.86 ± 2.80 3.35 ± 3.20 0.006
sdLDL (mg/dl) 3.21 ±4.50 6.00 ± 9.06 NS
% SdLDL 5.33 ± 8.23 7.68 ± 9.91 NS
Large HDL (mg/dl) 17.54 ± 8.62 9.97 ±6.51 0.000
Intermediate HDL (mg/dl) 30.92 ± 8.46 25.83 ±6.73 0.01
Small HDL (mg/dl) 13.46 ±6.58 12.78 ±6.61 NS

All analytes are at fasting concentrations with the exception o f  AUC. Percentage 

small dense LDL is calculated from the percentage o f LDL sub-fractions 3-7 as 

compared to all sub-fractions 1-7 and represented by %sdLDL. Mann-Whitney U test 

was used to compare parameters and significance was set at p<0.05

incremental apo B48 AUC although lower in the ideal AUC cohort failed to achieve 

significance.
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The non ideal AUC cohort had significantly lower fasting HDL-C concentration 

(t/=230.5, z=-3.041, /?=0.002, r=0.39), fasting apo AI concentration (f/=253.0, z=- 

2.701, p=0.007, r=0.35), large HDL sub fraction (J7=189.0, z=-3.677, /?=0, r=0.47) 

and intermediate HDL sub fraction {U=262.5, z=-2.564,p=0.010, /'=0.33).

The fasting LDL-C concentration was significantly lower in the ideal AUC cohort 

{U=29\.Q, z=-2.128, p=0.033, r=Q.21). This was accompanied by a lower LDL2 sub 

fraction {U=2A1.5, z=-2.498,p=0.012, r=0.32) and a higher mean LDL size (t/=287.0, 

z=-2.20, /»=0.028, /^0.28). The sdLDL, although lower in the ideal AUC cohort, was 

not significant.

Finally the fasting CRPhs concentration was significantly lower in the ideal AUC 

cohort ([/=249.5,z=-2.756,/?=0.006, r=0.36).

The forty three control subjects, who presented with fasting triglyceride of < 1.7 

mmol/L, were also divided into two cohorts based on ideal AUC. Twenty four 

patients achieved an ideal AUC and nineteen patients did not achieve an ideal AUC. 

Results are available in table 3.9.4.2.

A Marm-Whitney U Test was used to determine significant differences between these 

two groups and the ideal AUC cohort again displayed significantly improved 

glycaemic control with lower HbAlc (J7=145.0, z=-2.038, /?=0.042, r=0.31), lower 

fasting glucose ([7=123.5, z=-2.575, />=0.010, r=0.39), insulin AUC ([7=117, z=- 

2.715, ;?=0.007, r=0.41), C peptide AUC ([7=144.5, z=-2.042, /7=0.041, r=0.31) and 

HOMA-IR ([7=112, z=-2.837,p=0.005, r=0.43).

The triglyceride iAUC ([7=50.5, z=-4.341, p=0, 7^0.66), triglyceride AUC ([7=0, z=- 

5.576, p=0, r=0.85) and triglyceride concentrations at all time points measured were 

lower in the ideal AUC cohort. The fasting HDL-C concentrations did not differ 

significantly between the cohorts. However the concentration at four and six hours 

post physiological meal were significantly higher in the ideal AUC cohort. The apo 

B48 AUC was significantly lower in the ideal AUC cohort ([/=148.00, z=-1.956, 

p=0.050, ;-=0.30) with a median of 53.92 lig/H r/m f compared to 71.04 )j,g/Hr/mr'. 

The fasting apo B48 concentration was significantly lower in the ideal AUC cohort.
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The completed cases at the initial visit were also divided into groups based on ideal 

AUC (see table 3.9.4.3).

The ideal AUC cohort had 10 women and 8 men. Twelve patients were taking lipid 

lowering medication. The non ideal AUC cohort had 12 women and 11 men and 12 

patients were taking lipid lowering medication.

As expected the triglyceride AUC (U=0, z=-5.438, p=0, r=0.84), incremental AUC 

(U=73.0, z=-3.52, p=0, r=0.55) and fasting triglyceride (U=22.0, z=-4.861, p=0, 

r=Q.l€) were significantly lower in the ideal AUC cohort. This was accompanied by 

significantly lower weight (^7=95.5, z=-2.93, p=0.003, r=0.46) and BMI (i7=81.0, z=- 

3.31,/7=0.001,r=0.52).

The apo B48 AUC (i7=50, z=-4.124, p=0, r=0.64) was significantly lower in the ideal 

AUC cohort. The apo B48 concentrations at all time points measured were also 

significantly lower in the ideal AUC cohort.

Although the fasting glucose and HbAlc did not exhibit significant differences, the 

ideal AUC cohort exhibited significantly lower insulin AUC (J7=124.0, z=-2.18, 

/?=0.029, r=0.34) and insulin resistance as determined by HOMA-IR {U=\2A.Q, z=- 

2.18,/7=0.029, r=0.34).

Although not statistically significant the ideal AUC had a lower median sdLDL 

(Median=0.5 mg/dl) when compared to the non ideal AUC cohort {Median^l.Q 

mg/dl). The LDL5, 6 and 7 sub-fractions were present in the ideal AUC cohort. The 

fasting HDL-C concentration (U=69.5, z=-3.613, p=0, r=0.56) was significantly 

higher in the ideal AUC group. This was further supported by higher apo AI 

(t/= l 10.5, z=-2.536,/)=0.011, r=0.40). The large (C/=48.5, z=-4.171,/7=0, r=0.65) and 

intermediate (t/=88.5, z=-3.121, p=0.002, r=0.49) HDL subfractions were 

significantly raised in the ideal AUC group.
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Table 3.9.4.2: Control cohort presenting w ith fasting triglyceride < 1.7mmol/L

divided into groups based on achievement o f ideal AUC.

Ideal AUC non Ideal AUC p<0.05
N 24 19
Analytes X ± S D X ± S D
Age 49.0 ± 5.5 50.2 ± 5.7 NS
Weight (kg) 77.7 ± 19.5 87.7 ± 14.4 NS
BMI (kg/m2) 27.6 ±7.1 29.8 ±4.5 NS
HOMA-IR 1.22 ± 1.30 2.08 ± 1.23 0.005
HbA1c(%) 5.27 ± 0.37 5.61 ± 0.60 0.042

Triglyceride AUC (mmol/Hr/L'^) 6.91 ± 2.11 12.33 ± 1.94 0.000

Triglyceride iAUC (mmol/Hr/L'') 1.33 ± 1.31 3.78 ± 1.53 0.000

Apo B48 AUC (i^g/Hr/ml ') 59.23 ± 24.26 72.45 ± 23.94 0.05

Apo B48 iAUC (iig /H r/m l'') 29.10 ±21.19 29.50 ± 12.82 NS
Triglyceride (mmol/L) 0.93 ± 0.28 1.43 ± 0.16 0.000
HDL-C (mmol/L) 1.61 ±0.44 1,35 ± 0.37 NS
LDL-C (mmol/L) 3.02 ± 1.17 3.47 ± 0.76 NS
Cholesterol (mmol/L) 4.87 ± 1.10 5.08 ± 0.64 NS

Insulin AUC (mU/Hr/L ’ ) 54.37 ± 32.04 111.07 ±68.37 0.007

C peptide AUC (ug/Hr/L'^) 12.50 ±6.68 17.74 ± 7.80 0.041
Glucose (mmol/L) 4.88 ± 0.33 5.19 ±0.41 0.01
NEFA (mmol/L) 0.52 ± 0.23 0.53 ±0.16 NS
Apo Al (g/dl) 1.66 ±0.33 1.49 ± 0.24 NS
Apo All (g/dl) 0.36 ± 0.08 0.34 ± 0.06 NS
Apo B (g/dl) 0.90 ± 0.30 1.00 ±0.20 NS
CRPhs (mg/dl) 1.86 ±2.80 4.62 ± 3.68 NS
sdLDL (mg/dl) 3.21 ± 4.50 2.00 ±2.19 NS
% SdLDL 5.33 ± 8.23 2.82 ± 2.84 NS
Large HDL (mg/dl) 17.54 ±8.62 12.42 ±7.56 NS

All analytes are at fasting concentrations with the exception o f  AUC. Small dense 

LDL is denoted by sdLDL and calculated by addition o f  fractions 3-7. Percentage 

sdLDL is calculated as a percentage o f  sub-fractions 3-7 o f  total sub-fractions 1-7. 

Mann-Whitney U test was used to compare parameters and significance was set at 

p<0.05

O f the twenty three completed cases who presented w ith a fasting triglyceride 

concentration o f < 1.7 mmol/L, only eighteen patients achieved an ideal AUC. Five 

patients failed to achieve ideal AUC (see table 3.9.4.4). The non ideal AUC cohort
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had four women and one man and three patients were taking lipid lowering 

medication.

The ideal AUC cohort with optimal fasting triglyceride as expected had significantly 

lower triglyceride AUC (U=0, z=-3.355, p=0.001, r=0.70) and incremental AUC 

(U=6.0, z=-2.907,p=0.004, r=0.61). Both cohorts did not have LDL 5-7 sub-fractions 

present and the non-ideal AUC had a lower sdLDL than the ideal AUC cohort.

The HDL-C concentration was higher in the ideal AUC cohort (Median=l3S 

mmol/L) as compared to non-ideal AUC cohort (Median=l.24 mmol/L) although this 

failed to achieve significance. The HDL4 sub-fraction {U=n.O, z=-2.161, p=0.037, 

r=0.45) was significantly higher in the ideal AUC cohort {Median=6 mg/dl) as 

compared to the non ideal AUC {Median =5 mg/dl) cohort.

When the control ideal AUC cohort (n=24) was compared to the completed cases 

ideal AUC (n=18) cohort the following differences were noted. As expected the 

controls had a significantly improved glycaemic control reflected in HOMA-IR 

{U=63).Q, z=-3.889, p=0, r=0.6), fasting glucose (t/=6.5, z=-5.348, r=0.84),

HbAlc (f/=0, z=-5.497, p=0, r=0.84) and insulin AUC {U=64, z=-3.863,/7=0, r=0.6). 

The controls also had a significantly lower BMl (i!7=128.0, z=-122>l, p=Q.Q25, 

r=0.36) and were younger (i7=45.5, z=-4.346, p=Q, r=0.67).

The triglyceride AUC (J7=134.5, z=-2.072, /?=0.038, r=0.32) and fasting NEFA 

(U=72.5, z=-3.648, p=0, r=0.56) concentrations were significantly lower in the 

control cohort. There were no other statistical differences noted between the two 

groups. The cases had no LDL 5-7 sub-fractions, compared to the control cohort who 

had no LDL6 sub-fractions. The sdLDL sub-fracfions were lower in the case cohort 

with a median of 0.5 mg/dl as compared to a fourfold increase in the control cohort 

{Median 2.0 mg/dl. The apo B48 AUC in the control cohort {Median=53.92 |j,g/Hr/mr 

') was slightly lower than the case cohort {Median=57.73 ^g/Hr/ml '). This was not 

statistically significant. The incremental apo B48 AUC was lower in the cases ideal 

AUC cohort {Median=23.95 ^ig/Hr/ml ') compared to control ideal AUC cohort 

(Median=27.07 iig/Hr/ml'')
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Table 3.9.4.3: Completed cases initial visit divided into 2 groups on the basis of

achievement of an ideal AUC

Ideal AUC non Ideal AUC p<0.05
N 18 23
Analytes X ±S D X ±S D
Age 58.8 ± 6.5 54.7 ± 10.0 NS
Weight (kg) 81.9 ± 15.1 100.6 ±22.4 0.003
BMI (kg/m2) 29.1 ±3.6 35.3 ± 7.5 0.001
HOMA-IR 3.81 ±3.02 5.5712.81 0.029
HbA1c(%) 9.12 ± 1.59 8.51 ± 1.09 NS
Triglyceride AUC (mmol/Hr/L ’ ) 8.24 ± 1.26 21.94 ± 15.97 0.000

Triglyceride iAUC (mmol/Hr/L'') 1.67 ± 1.27 4.27 ± 2.74 0.000

Apo B48 AUC (jig/Hr/ml ') 54.51 ± 17.24 103.99 ±43.77 0.000

Apo B48 iAUC ()xg/Hr/ml') 29.17 ± 18.38 42.14 ±34.81 NS
Triglyceride (mmol/L) 1.10 ± 0.26 2.95 ± 2.54 0.000
HDL-C (mmol/L) 1.48 ±0.39 1.13± 0.19 0.000
LDL-C (mmol/L) 2.85 ±0.83 2.89 ± 0.93 NS
Cholesterol (mmol/L) 4.34 ± 0.74 4.71 ± 1.27 NS
Insulin AUC (mU/Hr/L^) 141.86 ±82.55 201.88 ±80.07 0.029
C peptide AUC (ug/Hr/L^) 16.06 ± 10.62 18.11 ± 12.16 NS
Glucose (mmol/L) 9.33 ±2.40 8.72 ±2.16 NS
NEFA (mmol/L) 0.83 ± 0.24 0.71 ± 0.27 NS
Apo Al (g/dl) 1.52 ±0.22 1.31 ±0.25 0.011
Apo All (g/dl) 0.33 ± 0.06 0.34 ± 0.05 NS
ApoB (g/dl) 0.88 ±0.19 0.96 ± 0.26 NS
CRPhs (mg/dl) 8.81 ± 13.17 5.61 ±4.88 NS
sdLDL (mg/dl) 1.94 ±2.73 8.35 ± 16.67 NS
% SdLDL 3.35 ±4.53 10.10 ± 15.60 NS
Large HDL (mg/dl) 17.28 ±9.27 6.30 ± 4.36 0.000
Intermediate HDL (mg/dl) 29.17 ±5.60 23.70 ±4.14 0.002
Small HDL (mg/dl) 11.72 ±5.52 11.87 ±4.29 NS

All analytes are at fasting concentrations with the exception o f AUC. Percentage 

small dense LDL is calculated from the percentage o f LDL sub fractions 3-7 as 

compared to all sub-fractions 1-7 and represented by %sdLDL. Mann-Whitney U test 

was used to compare parameters and significance was set at p<0.05
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Table 3.9.4.4: Completed cases initial visit presenting with fasting triglyceride < 1.7

mmol/L divided into groups based on achievement o f  ideal AUC.

Ideal AUC non Ideal AUC p<0.05
N 18 5
A nalytes X ± S D X iS D
Age 58.8 ± 6.5 60.4 ± 4.7 NS
Weight (kg) 81 .9±  15.1 90,3 ± 13.7 NS
BMI (kg/m2) 29.1 ± 3.6 33.0 ± 5 .0 NS
HOMA-IR 3.81 ± 3.02 4.38 ± 1.76 NS
HbA1c(%) 9.12 ± 1.59 7.98 ± 0.94 NS
Triglyceride AUC (mmol/Hr/L-'') 8.24 ± 1.26 12.58 ±2 .16 0.001
Triglyceride iAUC (mmol/Hr/L-^) 1.65 ± 1.27 4.68 ±2 .14 0.004
Apo B48 AUC (ug/Hr/ml--') 54.51 ± 17.24 83.81 ±43 .79 NS
Apo B48 IAUC (pg/Hr/ml-'') 29.17 ± 18.38 47.59 ± 24.35 NS
Triglyceride (mmol/L) 1.10 ±0 .26 1.32 ±0 .09 NS
HDL-C (mmol/L) 1.48 ±0 .39 1.26 ± 0.09 NS
LDL-C (mmol/L) 2.85 ± 0.83 2.53 ± 0.71 NS
Cholesterol (mmol/L) 4.34 ± 0.74 4.11 ±0 .63 NS
Insulin AUC (mU/Hr/L-’) 141.86 ±82.55 210.29 ±83 .77 NS
C peptide AUC (ug/Hr/L-’) 16.06 ± 10.62 17.41 ± 12.93 NS
Glucose (mmol/L) 9.33 ± 2.40 7.78 ±0.61 NS
NEFA (mmol/L) 0.83 ± 0.24 0.66 ± 0.20 NS
Apo Al (g/dl) 1.52 + 0.22 1.30 ±0 .29 NS
Apo All (g/dl) 0.33 ± 0.06 0.32 ± 0.03 NS
Apo B (g/dl) 0.88 ± 0.19 0.79 ± 0.24 NS
CRPhs (mg/dl) 8.81 ± 13.17 6.62 ± 6.22 NS
SdLDL (mg/dl) 1.94 ±2 .73 0.40± 0.89 NS
% SdLDL 3.35 ±4 .53 0.70 ± 1.57 NS
Large HDL (mg/dl) 17.28 ±9 .27 11.20 ±4 .38 NS
Intermediate HDL (mg/dl) 29.17 ±5 .60 26.20 ± 3.42 NS
Small HDL (mg/dl) 11.72 ±5 .52 8.80 ± 3.56 NS

All analytes are at fasting concentrations with the exception o f AUC. Small dense 

LDL is denoted by sdLDL and calculated by addition o f fractions 3-7. Percentage 

sdLDL is calculated as a percentage o f  sub-fractions 3-7 o f total sub-fractions 1-7. 

Mann-Whitney U test was used to compare parameters and significance was set at 

p<0.05
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3.10 Comparing the cases and controls

A M ann-W hitney U test was used to determine significant differences between the 

control and cases cohorts. The results can be viewed in table 3.10.1.

Controls appeared to have lower mean concentrations o f triglycerides across all time 

points (see tables 3.2.2, 3.3.1 and 3.4.3.1). This demonstrated statistical significance 

at all time points when compared with all cases at initial measurement, but only at six 

hours post physiological meal when compared to completed cases at initial and final 

measurement.

Controls had significantly lower glucose and insulin concentrations than all the case 

cohorts across all time points. There was an exception in the final measurement of 

completed cases at the six hour time point for glucose.

The higher HDL-C concentrations reached significance when controls were compared 

to all cases at the initial visit. This was further supported by a significant difference in 

apolipoprotein AI. All the case cohorts had significantly lower LDL-C and cholesterol 

concentrations than controls at all time points.

The level o f inflammation in all cohorts as assessed by CRPhs analysis highlighted 

statistically significant differences between the controls, all cases at initial 

measurement and completed cases at initial measurement. With improved glycaemic 

control in completed cases at final measurement the difference was no longer 

statistically significant.

See appendix 5, tables A 5.1I, A5.12 and A5.13 for details o f M ann-W hitney U test 

comparisons.
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Table 3.10.1 Mann-Whitney U test results subdivided cases versus controls

All c a s e s  initial visit C om pleted c a s e s  initial visit C om pleted  c a s e s  final visit
Analyte F 2 4 6 F 2 4 6 F 2 4 6

Triglycerides
(mmol/L) 0.021 0.06 0.02 <0.005 NS NS NS 0.03 NS NS NS 0.03
Glucose
(mmol/L) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 NS

Cholesterol
(mmol/L) <0.005 <0.005 <0.005 0.01 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

HDL (mmol/L) 0.017 0.03 NS 0.04 NS NS NS NS NS NS NS NS

LDL (mmol/L) 0.008 0.01 0.02 0.02 0.006 0.006 0.02 0.01 <0.005 <0.005 <0.005 <0.005

Apo Al (g/dl) 0.01 0.02 0.02 NS NS NS NS NS NS NS NS NS

Apo All (g/dl) NS NS NS NS NS NS NS NS NS NS NS NS

Apo B (g/dl) NS NS NS NS NS NS NS NS 0.014 0.04 0.04 NS

Lp (a) (g/dl) NS NS NS NS NS NS NS NS NS NS NS NS

CRPhs (mg/dl) 0.006 <0.005 0.006 <0.005 <0.005 <0.005 <0.005 <0.005 NS NS NS NS

NEFA (mmol/L) <0.005 NS NS NS <0.005 NS NS NS 0.02 NS NS NS

Insulin (mU/L) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Apo B48 (|jg/ml) NS NS NS NS NS NS NS NS NS NS NS NS

C peptide (ug/L) NS NS 0.005 0.008 NS NS 0.04 NS NS NS NS NS
Each time point is designated by F-fasting, 2- two hours, 4- four hour and 6- six hours. Significance was set at p<0.05
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3.11 Other contributing factors to the postprandial phase

3.11.1 Gender

Controls and case cohorts were divided into groups based on gender. Tables 3.1.3 and 

3.1.2 contain information on BMl, HOMA-IR, age and weight of controls and case 

cohorts.

There were forty females and twenty males in the control cohort. The male population 

demonstrated significantly higher weight than their female counterparts; however 

BMl did not demonstrate significant differences between the gender cohorts. This 

difference in weight was accompanied by a significantly higher insulin resistance in 

the male population as assessed by HOMA-IR (see table 3.11.1.1).

The triglyceride response to the physiological meal also highlighted significant 

differences in the two groups. The male population had significantly higher 

triglyceride AUC. This was accompanied by a significantly higher triglyceride iAUC 

in the male population. The male population also demonstrated a significantly higher 

apo B48 AUC in response to the physiological meal.

As expected the female population had significantly higher fasting HDL-C. This was 

further supported by significantly higher fasting levels of large HDL and intermediate 

HDL sub-fraction. There was no significant difference in the levels of small HDL (see 

appendix 5, table A5.14).

There were twenty two females and nineteen males in the completed case cohort (see 

table 3.11.1.2).

Similar to the control cohort the male cases {Median=99.5 kg) were significantly 

heavier than the female cases {Median =81.15 kg) (f/=94, z=-3.007, p=0.003, r=0.5). 

The female cohort {Median=\.3 mmol/L) also demonstrated a significantly higher 

fasting HDL-C concentration than their male counterparts {Median=\.\ mmol/L) 

{U=\23, z=-2.249, p=0.024, r=0.35). There was a significantly higher intermediate

109



HDL concentration in the female {Median 26.5 mg/dl) cohort as compared to male 

cohort (23.0 mg/dl) (C/=1322, z=-2.018, /?=.044, r=.32). The female cohort 

{Median=35.27 ^g/Hr/ml ') had a higher apo B48 iAUC compared to the male 

population (Median=2S.2l |xg/Hr/mr').

Table 3.11.1.1: Control cohort measurements divided into two groups by gender

Analyte Female Male p<0.05
N 40 20

X ±S D X ±S D
Age 50.4 ± 5.5 49.0 ±4.8 NS
Weight (kg) 78.4 ±20.15 92.12 ± 15.89 0.001
BMI (kg/m2) 28.54 ±7.65 28.7 ± 3.62 NS
HOMA-IR 1.56 ±1.44 2.01 ± 1.26 0.046
HbA1c(%) 5.42 ± 0.51 5.60 ± 0.50 NS
Triglyceride AUC (mmol/Hr/L’ ) 10.60 ±5.80 14.71 ± 5.56 0.004
Triglyceride iAUC (mmol/Hr/L'') 2.50 ± 1.83 3.68 ± 2.23 0.019
Apo B48 AUC 71.07 ±33.25 91.22 ±38.38 0.024
Apo B48 iAUC 30.18 ± 19.52 39.84 ± 20.86 NS
Triglyceride (mmol/L) 1.27 ±0.51 1.84 ± 1.73 0.002
HDL-C (mmol/L) 1.55 ±0.41 1.10 ± 0.25 0
LDL-C (mmol/L) 3.26 ± 1.04 3.53 ± 0.96 NS
Cholesterol (mmol/L) 5.10 ± 1.05 5.20 ± 0.81 NS
Insulin AUC (mU/Hr/L’ ) 79.73 ±61.34 105.7 + 58.53 NS
C peptide AUC (ug/Hr/L’ ) 16.07 ±7.77 14.14 ±9.06 NS
Glucose (mmol/L) 5.05 ± 0.45 5.20 ± 0.60 NS
NEFA (mmol/L) 0.556 ±0.217 0.523 ±0.182 NS
Apo Al (g/dl) 1.61 ±0.30 1.38 ± 0.24 0.002
Apo All (g/dl) 0.35 ±0.07 0.36 ± 0.80 NS
Apo B (g/dl) 0.97 ± 0.30 1.10±0.19 0.045
CRPhs (mg/dl) 3.01 ± 3.43 2.24 ±2.31 NS
sdLDL (mg/dl) 4.48 ± 8.38 5.7 ±6.04 NS
% SdLDL 6.27 ± 10,15 7.68 ± 7.35 NS
Large HDL (mg/dl) 15.65 ±8,38 7.70 ±4.78 0
Intermediate HDL (mg/dl) 30.45 ± 7,75 22.70 ±4.93 0
Small HDL (mg/dl) 13.50 ±7,00 12.15 ±5.60 NS

A ll analytes are at fasting concentration with the exception o f  AUC. Percentage small 

dense LD L is calculated from  the percentage o f  LDL sub-fractions 3-7 as compared 

to a ll sub-fractions 1-7 and represented by %sdLDL. Mann-Whitney U  test was used 

to compare parameters and significance was set at p<0.05
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Table 3.11.1.2: Completed case cohort (n=41) measurements divided into two groups

by gender

Analyte Female Male p<0.05
N 22 19

X ±S D X + SD
Age 57.0 ±9.1 56.0 ± 8.6 NS
Weight (kg) 84.2 ± 17.2 101.9 ± 22.4 0.003

BMI (kg/m^) 32.6 ± 7.9 32.5 ± 5.4 NS
HOMA-IR 4.45 ± 3.01 5.21 ± 3.01 NS
HbA1c(%) 8.86 ± 1.14 8.7 ± 1.6 NS
Triglyceride AUC (mmol/Hr/L'’ ) 13.32 ±6.65 18.95 ± 18.68 NS

Triglyceride lAUC (mmol/Hr/L ’ ) 3.32 ± 2.54 2.91 ± 2.63 NS

Apo B48 AUC (lig/Hr/ml ') 74.14 ±37.18 91.68 ±46.99 NS

Ape B48 lAUC (ixg/Hr/ml ') 40.68 ±21.24 31.50 ±36.33 NS
Triglyceride (mmol/L) 1.67 ±0.95 2.67 ± 2.88 NS
HDL-C (mmol/L) 1.38 ±0.35 1.17 ± 0.31 0.024
LDL-C (mmol/L) 3.18 ± 0.80 2.51 ± 0.83 0.04
Cholesterol (mmol/L) 4.72 ± 0.70 4.35 ± 1.35 NS
Insulin AUC (mU/Hr/L^) 173.6 ±95.7 177.7 ± 747.9 NS
C peptide AUC (ug/Hr/L^) 16.49 ± 13.27 18.05 ±9.10 NS
Glucose (mmol/L) 9.03 ± 1.41 8.93 ±3.01 NS
NEFA (mmol/L) 0.777 ± 0.229 0.741 ± 0.293 NS
Apo Al (g/dl) 1.48 ±0.24 1.31 ± 0.25 NS
Apo All (g/dl) 0.34 ± 0.05 0.33 ± 0.06 NS
ApoB (g/dl) 0.98 ±0.18 0.85 ± 0.27 NS
CRPhs (mg/dl) 9.35 ± 11.73 4.31 ±4.90 NS
sdLDL (mg/dl) 2.45 ± 4.48 9.10 ± 17.92 NS
% SdLDL 3.25 ± 4.9 11.65 ± 16.56 NS
Large HDL (mg/dl) 13.00 ± 9.51 8.95 ± 7.55 NS
Intermediate HDL (mg/dl) 27.50 ±4.84 24.47 ± 5.90 0.044
Small HDL (mg/dl) 12.00 ±4.70 11.58 ±5.04 NS

A ll analytes are at fasting levels with the exception o f  AUC. Percentage small dense 

LD L is calculated from  the percentage o f  LD L sub-fractions 3-7 as compared to a ll 

sub-fractions 1-7 and represented by %sdLDL. Mann-Whitney U  test was used to 

compare parameters and significance was set at p<0.05.

A Mann-Whitney U Test was used to determine significant differences in male 

controls as compared to male completed cases (initial visit). There were significant
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differences in BMI, insulin AUC, HbAlc, age, HOMA-IR, NEFA, fasting cholesterol, 

fasting glucose, fasting LDL-C and fasting apolipoprotein B concentrations. Female 

controls demonstrated significantly lower BMI, age, HOMA-IR, fasting NEFA 

concentrations, fasting glucose concentrations, fasting CRPhs concentrations, HbAlc, 

and insulin AUC than the female completed cases at initial visit. There were 

significantly higher fasting cholesterol and HDL-C concentrations in female controls 

(see appendix 5, tables A5.15 and A5.16).

3.11.2 BMI

BMI was divided into three levels based on WHO guidelines (1995): > 25 kg/m^ 25 - 
2 230 kg/m and > 30 kg/m . The control cohort results can be seen in table 3.11.2.1.

The Kruskal-Wallis Test was used to determine statistical differences within analytes 

measured across the three levels of BMI in the control cohort.

The glycaemic control in the control cohort appeared to deteriorate as the BMI 

increased. The HbAlc was statistically different across the three BMI groups, 

(X =15.118,/?=.001) the highest BMI group recording a higher median value of 5.6 %. 

Further analysis using the Mann-Whitney U Test revealed statistically significant 

differences between all three groups (p<0.05). Fasting glucose (x^=13.053,/7=0.001), 

HOMA-IR (x^=26.4I9, p < 0.005) and insulin AUC (x^=21.295, p=0.001) also 

demonstrated statistically significant results across the three groups. The highest BMI 

group had the highest median score for the three analytes, - fasting glucose = 5.3 

mmol/L, HOMA-IR= 2.49 and insulin AUC= 147.3 mU/Hr/L'' as compared to 

median scores in the lowest BMI group (BMI < 25 kg/m^) fasting glucose = 4.8 

mmol/L, HOMA-IR = 0.66 and insulin AUC = 38.2 mU/Hr/L’’. Further analysis with 

a Mann-Whitney U test highlighted significant differences across all three groups for 

HOMA-IR and insulin AUC.

The fasting HDL-C concentration declined significantly as the BMI increased 

(X^=13.77,/7=0.001). The highest median score (1.58 mmol/L) was in the group with 

the lowest BMI. The fall in fasting HDL-C was accompanied by a significant fall in 

fasting apolipoprotein AI concentrations (x^= 12.024, p=0.002); again the highest
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median score (1.73 g/dl) was recorded for the group with the lowest BMl. A Mann- 

Whitney U test confirmed statistical differences between all three groups. The 

concentration of small HDL decreased as the BMI increased (x^=23.568, p < 0.005). 

The lowest median score (9 mg/dl) was in the group with highest BMl as compared to 

a median score o f 19 mg/dl in the lowest BMI group.

Table 3.11.2.1: Control cohort results divided in to three groups based on BMl.

Analyte <25 25-30 >30
N 15 28 17

X ±SD X ±SD X ±SD
Age 50.8 ± 4 49.7 ±4.8 49.5 ± 7.05
Weight (kg) 63.5 ±6.1 79.5 ± 9.0 106.0 ± 18.4
BMI (kg/m2) 22.7 ± 2.0 27.0 ± 1.7 36.4 ± 6.9
HOMA-IR 0.70 ± 0.35 1.48 ±0.91 2.98 ± 1.71
HbA1c(%) 5.11 ± 0.35 5.50 ± 0.39 5.83 ± 0.57
Triglyceride AUC (mmoi/Hr/L'’) 10.92 ±5.29 11.52 ± 5.47 13.63 ±7.31
Triglyceride lAUC (mmol/Hr/L'^) 2.33 ± 2.02 3.11 ± 2.24 3.02 ± 1.70
Apo B48 AUC (Mg/Hr/ml ’) 69.70 ±32.15 78.31 ±28.10 84.03 ± 49.43
Apo B48 lAUC (ijg/Hr/mr^) 28.43 ± 19.69 34.09 ± 16.24 36.65 ± 26.53
Triglyceride (mmol/L) 1.43 ±0.69 1.40 ±0.67 1.59 ±0.61
HDL-C (mmol/L) 1.67 ±0.40 1.41 ± 0.41 1.14 ±0.27
LDL-C (mmol/L) 3.77 ± 1.01 3.31 ±1.02 3.04 ± 0.91
Cholesterol (mmol/L) 5.6 ± 0.9 5.1 ±0.9 4.8±  1.0
Insulin AUC (mU/Hr/L'') 41.15± 16.35 84.04 ±55.16 137.26 ± 61.41

C peptide AUC (ug/Hr/L ’) 14.50 ±5.42 15.49 ±8.77 16.13 ±9.52
Glucose (mmol/L) 4.9 ±0.4 5.0 ± 0.4 5.5 ±0.6
NEFA (mmol/L) 0.45 ± 0.20 0.52 ±0.15 0.68 ± 0.23
Apo Al (g/dl) 1.73 ±0.34 1.53 ± 0.26 1.35 ± 0.19
Apo All (g/dl) 0.37 ±0.08 0.35 ± 0.08 0.34 ± 0.06
Apo B (g/dl) 1.10 ± 0.29 1.00 ±0.27 0.94 ± 0.27
CRPhs (mg/dl) 0.95 ± 1.08 2.14 ± 1.77 5.35 ± 4.29
SdLDL (mg/dl) 7.07 ± 11.04 4.39 ± 5.94 3.76 ± 6.03
% SdLDL 8.13± 11.26 6.88 ± 9.26 5.28 ± 7.55
Large HDL (mg/dl) 14.33 ±8.44 14.25 ±9.21 9.76 ± 5.50
Intermediate HDL (mg/dl) 30.93 ±9.13 27.68 ± 8.06 25.47 ± 5.27
Small HDL (mg/dl) 19.60 ±4.56 12.11 ±6.22 8.82 ± 3.75

All analytes are at fasting levels with the exception o f  AUC. Small dense LDL is 

denoted by sdLDL. Percentage small dense LDL is calculated from the percentage o f  

LDL sub-fractions 3-7 as compared to all sub-fractions 1-7 and represented by 

%sdLDL
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The triglyceride AUC and iAUC did not alter significantly as BMI increased. 

However, there was an increase in mean triglyceride AUC response with an increase 

in BMI. The mean apo B48 AUC also demonstrated an increase with rising BMI. This 

was accompanied by an increase in the apo B48 iAUC response. The fasting NEFA 

concentrations increased significantly as the BMI increased (x^= 10.482, jc>=0.005) 

with the highest median score of 0.68 mmol/L in the highest BMI group. CRPhs also 

increased significantly across the BMI tertiles {y^=2236 \ , p  < 0.005).

The completed case cohort at initial visit was also divided into groups based on BMI 

(see table 3.11.2.2). Only two cases presented with BMI < 25 kg/m because o f low 

numbers statistical analysis was not performed on this group. A Mann-Whitney U

Test was used to determine statistical differences between groups with a BMI range of
2 2 25 - 30 kg/m and BMI < 30 kg/m . There was a statistically significant increase in

insulin AUC as the BMI increased, (J7=98, z=-2.367, p=0.018, r=.38), with a median

score of 217.3 mU/Hr/L'' in the highest BMI group as compared to 127.5 mU/Hr/L '

in the overweight BMI group. The fasting glucose concentration was significantly

higher in the overweight BMI group as compared to the obese BMI group (i/=104.5,

z=-2.18,p-0.028,r=0.35).

There was an increase in mean triglyceride AUC and iAUC as BMI increased. This 

was accompanied by a similar response in apo B48 AUC and iAUC.

The CRPhs demonstrated a statistically significant increase in concentration with the 

increase in BMI {U=1A.5, z=-3.047,/?=0.002, r=0.49).
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Table 3.11.2.2; Completed case cohort (initial visit) results divided in to three groups 

based on BMI

Analyte <25 25-30 >30
N 2 15 24

X ±SD X ±SD X ±SD
Age 56.0 ± 5.7 59.7 ±6.5 54.6 ± 9.8
Weight (kg) 74.4 ± 10.3 77.1 ± 9.3 103.4 ±20.9
BMI (kg/m2) 24.9 ± 0.0 27.6 ± 1.5 36.3 ±6.5
HOMA-IR 1.33 ±0.51 4.53 ± 3.17 5.25 ± 2.85
HbA1c(%) 8.5 ±0.6 9.0 ± 1.6 8.7 ± 1.2
Triglyceride AUC (mmol/Hr/L ’) 7.09 ± 0.52 13.24 ±6.69 18.35 ± 16.82
Triglyceride iAUC (mmol/Hr/L '') 0.58 ± 1.73 3.10 ±2.45 3.36 ± 2.64
Apo B48 AUC (tjg/Hr/ml'^) 52.13 ±26.32 78.79 ± 38.56 86.95 ±45.63
Apo B48 iAUC (|jg/Hr/mn) 21.58 ±4.86 31.15±29.11 40.96 ±30.11
Triglyceride (mmol/L) 1.09 ±0.37 1.69 ±0.79 2.50 ± 2.65
HDL-C (mmol/L) 1.91 ±0.17 1.30 ±0.21 1.22 ±0.37
LDL-C (mmol/L) 2.94 ± 0.75 3.18 ±0.93 2.67 ±0.82
Cholesterol (mmol/L) 4.75 ±0.58 4.73 ± 0.76 4.42 ± 1.28
Insulin AUC (mU/Hr/L ’) 68.45 ± 19.36 140.12 ±78.51 206.58 ± 78.5
C peptide AUC (ug/Hr/L^) 20.45 ± 8.27 17.17 ± 12.35 16.97 ±11.40
Glucose (mmol/L) 8.4 ±2.3 9.9 ±2.2 8.5 ±2.2
NEFA (mmol/L) 1.08 ±0.39 0.70 ± 0.22 0.77 ± 0.26
Apo Al (g/dl) 1.66 + 0.11 1.44 ±0.28 1.35 ±0.24
Apo All (g/dl) 0.38 ± 0.05 0.33 ±0.05 0.34 ± 0.06
ApoB (g/dl) 0.78 ± 0.20 0.95 ± 0.18 0.92 ± 0.27
CRPhs (mg/dl) 0.90 ±0.57 4.34 ± 8.74 9.20 ± 9.80
sdLDL (mg/dl) 3.00 ± 4.24 4.60 ±6.67 6.33 ± 16.12
% SdLDL 5.00 ± 7.07 6.56 ± 8.09 7.69 ± 15.00
Large HDL (mg/dl) 25.50 ±0.71 11.20 ±6.58 9.88 ± 9.41
Intermediate HDL (mg/dl) 38.50 ±2.12 25.93 ±3.92 25.17 ± 5.37
Small HDL (mg/dl) 10.50 ±4.95 12.33 ±3.85 11.58 ±5.45

All analytes are at fasting concentration with the exception o f  AUC. Small dense LDL 

is denoted by sdLDL. Percentage small dense LDL is calculated from  the percentage 

o f  LDL sub-fractions 3-7 as compared to all sub-fractions 1-7 and represented by 

VosdLDL.
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3.11.3 HOMA-IR

Insulin resistance as calculated by the HOMA model was divided into three groups: < 

1 , 1 - 4  and > 4. Table 3.11.3.1 contains the control cohort results.

Four controls had HOMA-IR > 4, because of the low numbers statistical analysis was 

not performed on this group. A Mann-Whitney U test was used to determine the 

statistical differences between HOMA-IR groups < 1 (group 1) and 1 - 4 (group 2) in 

the control cohort. As the HOMA-IR increased from the lowest group to the 

midrange group there was a statistically significant increase in BMI {U=67, z=-5.205, 

p=0, r=0.69) and weight (t/=120.5, z=-4.314, p=0, r=0.58) with a median BMI score 

increase from 24.3 kg/m to 29.3 kg/m . The group with the highest HOMA-IR also 

had the highest median BMI and weight of 37.9 kg/m^ and 127.8 kg respectively.

The increase in insulin resistance across the groups had a significant impact on 

glycaemic control. There was a significant increase in HbAlc concentrations 

(J7=133.5, z=-4.109,/7=0, ^ 0 .5 5 ) with a median score of 5.1% in the lowest group as 

compared to 5.6% in the midrange group. The insulin AUC also demonstrated 

significant differences between the groups (J7=110, z=-4.488, p=Q, r=0.6) with the 

lowest median score of 39.83 mU/Hr/L ' in group 1 compared to 102.8 mU/Hr/L ' in 

group 2 and 173.6 mU/Hr/L ' in the highest insulin resistant group.

The fasting triglyceride ((7=237, z=-2.373, /?=0.018, r=032), triglyceride AUC 

(t/=189.0, z=-3.173, p=0.002, r=0A2) and iAUC (t/=147, z=-3.872, p=0, r=0.52) 

demonstrated a significant increase in concentration between group 1 and group 2. 

The 4 hour Apo B48 also demonstrated a significant increase between group 1 and 2 

([7=262.0, z=-1.957, p=0.050, ^0 .2 6 ). The apo B48 AUC increased with increasing 

HOMA-IR from a median of 58.40 ^ig/Hr/ml ' in group 1 to a median of 77.49 

lag/Hr/ml ' in group 2 although this failed to achieve significance. The apo B48 iAUC 

also increased with increasing insulin resistance from a median rise of 23.56 

^g/Hr/ml ' (group 1) to 35.34 ^g/Hr/ml ' (group 2) to 39.50 fig/Hr/ml ' in the group 

with the highest HOMA-IR.
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The opposite occurred with HDL-C (t/=148, z=-3.856, p=0, r=.06), apoHpoprotein 

AI (f/=152.5, z=-3.781, p=0, r=0.5l) and A ll (U=246, z=-2.228, p=0.026, /-0 .3 ). 

These parameters significantly decreased fi'om group 1 to group 2. The median fasting 

HDL-C was 1.55 mmol/L in group 1 as compared to 1.18 mmol/L in group 2. This 

further decreased in the most insulin resistant group to a median o f  0.93 mmol/L. The 

large (U=225, Z--2 .5S6,  /?=0.01, r=0.35), intermediate {U=2\3.5, z= -2J73, p=0.006, 

r=0.37) and small HDL (J7=163, z=-3.612, p=0, ^ 0 .4 8 )  sub-fractions also decreased 

significantly from group 1 to group 2. Finally the level o f inflammation as determined 

by CRPhs {U=152, z=-3.793, p=0, /^0 .51) concentration increased significantly as 

insulin resistance increased between groups 1 and 2. The lowest fasting CRPhs 

median o f 0.6 mg/dl (group 1) increased to 2.4 mg/dl in group 2 and 5.2 mg/dl in 

group 3.

The completed case cohort (initial visit) was also divided into three similar groups 

based on HOMA-IR calculation (group 1 HOM A-lR< 1 group 2 HOMA-IR = 1 - 4  

and group 3 HOMA-IR > 4). The results are in table 3.11.3.2.

A M ann-Whitney U Test was used to determine statistically significant difference in 

results between groups 2 and 3 o f the completed case cohort. As the insulin resistance 

rose from group 2 to group 3, there was a significant increase in insulin AUC (t/=78, 

z=-2.6, /?=0.009, r=0.42) with a median score o f 127.5 mU/Hr/L'' in group 2 

compared to 218.6 mU/Hr/L ' in group 3. This significant rise in insulin release was 

accompanied by a significant increase in BMI {U=94, z=-2.108,p=0.035, r=0.34).

The triglyceride AUC showed an increase in concentration from group 1 

{M edian=l.65 mmol/Hr/L"') to group 3 {Median=\4.0A  mmol/Hr/L '). This failed to 

achieve statistical significance (C/=135, z=-0.846, p=0.397, r=0.14). The apo B48 

AUC decreased from group 1 {Median=10.1A ^ ig /H r/m f) to group 2 {M edian=6\.66 

fig/H r/m r') and increased in group 3 {Median=12.55 lig /H r/m f).

The fasting HDL-C concentration decreased as insulin resistance increased but this 

was not statistically significant. However the fasting apolipoprotein AI concentration 

demonstrated a significant decrease in concentration from group 2 {Median= \ .51 g/dl) 

to group 3 {M edian=\.32 g/dl) (f/=80, z=-2.539, p=0.01, r=0.41). Although not
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statistically significant there was an increase in median CRPhs concentration 

accompanying the increase in insulin resistance across the three groups. Group 1 had 

a median concentration o f 1.3 mg/dl, which increased to 2.2 mg/dl (group 2) and 4.3 

mg/dl (group 3).

Table 3.11.3.1 Control cohort divided into three groups based on HOMA-IR results

Analyte <1 1 -4 >4
N 23 33 4

X ±SD X ±SD X ±SD
Age 49.8 ± 3.9 50.3 ±6.1 47.3 ±6.0
Weight (kg) 69.4 ± 8.8 87.1 ± 16.1 127.1 ± 13.5
BMI (kg/m^) 24.1 ±2.4 30.2 ± 5.8 40.9 ± 7.8
HOMA-IR 0.61 ± 0.22 2.00 ±0.71 5.67 ± 1.15
HbA1c(%) 5.1 ±0.4 5.7 ±0.4 6.0 ±0.9
Triglyceride AUC (mmol/Hr/L 9.15 ±5.20 13.96 ±6.07 11.70 ± 3.58
Triglyceride iAUC (mmol/Hr/L'^) 1.60 ± 1.61 3.85 ± 1.91 2.44 ± 0.47
Apo B48 AUC (|jg/Hr/mr) 68.84 ± 29.78 83.87 ± 39.77 78.95 ± 33.31
Apo B48 IAUC (ijg/Hr/mr^) 28.23 ± 16.77 36.02 ± 20.37 41.48 ±35.64
Triglyceride (mmol/L) 1.26 ±0.72 1.59 ±0.57 1.55 ± 0.61
HDL-C (mmol/L) 1.68 ±0.40 1.24 ±0.32 1.06 ± 0.32
LDL-C (mmol/L) 3.40 ± 1.18 3.31 ±0.84 3.19 ± 1.47
Cholesterol (mmol/L) 5.32 ± 1.06 5.07 ± 0.86 4.58 ± 1.29
Insulin AUC (mU/Hr/L ’) 44.74 ± 22.24 108.75 ±62.10 171.48 ±22.27
C peptide AUC (ug/Hr/L ’) 13.21 ±6.90 16.23 ±8.32 21.46 ± 11.76
Glucose (mmol/L) 4.79 ± 0.32 5.21 ± 0.40 6.0 ± 0.74
NEFA (mmol/L) 0.51 ± 0.19 0.56 ± 0.22 0.69 ± 0.03
Apo Al (g/dl) 1.73 ±0.31 1.42 ±0.22 1.29 ±0.11
Apo All (g/dl) 0.39 ± 0.08 0.34 ± 0.06 0.33 ± 0.07
Apo 8 (g/dl) 1.03 ±0.33 1.01 ± 0.23 0.95 ± 0.31
CRPhs (mg/dl) 1.21 ±1.23 3.49 ± 3.51 5.5 ±3.55
sdLDL (mg/dl) 6.22 ± 9.74 4.06 ±6.17 4.00 ± 5.23
% SdLDL 8.55 ± 11.37 5.54 ± 7.63 6.20 ± 8.94
Large HDL (mg/dl) 16.74 ±9.34 10.88 ±6.78 9.00 ± 5.60
Intermediate HDL (mg/dl) 31.70 ±8.61 25.64 ±6.10 24.25 ± 8.77
Small HDL (mg/dl) 17.26 ±6.63 10.76 ±5.18 7.75 ±2.23

All analytes are at fasting concentration with the exception o f  AUC. Small dense LDL 

is denoted by sdLDL. Percentage small dense LDL is calculated from the percentage 

o f LDL sub-fractions 3-7 as compared to all sub-fractions 1-7 and represented by 

%sdLDL.
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Table 3.11.3.2: Completed case (initial visit) cohort results divided into three groups 

based on HOMA-IR measurement

Analyte <1 1 -4 >4
N 3 13 25

X ± S D X ± S D X ± S D
Age 53.0 ± 5.6 58.9 ± 6.0 55.7 ± 10.1
Weight (kg) 73.9 ±6.7 85.0 ± 16.5 98.4 ± 22.8
BMI (kg/m2) 25.9 ± 1.3 30.1 ± 3.2 34.6 ± 7.6
HOMA-IR 0.81 ± 0.18 2.69 ± 1.01 6.38 ±2.73
HbA1c(%) 9.2 ± 1.6 8.4 ± 1.4 8.9 ± 1.3
Triglyceride AUC (mmol/Hr/L"') 7.91 ± 0.61 13.85 ±7.32 17.97 ± 16.51
Triglyceride iAUC (mmol/Hr/L'^) 1.13 ±2.02 3.18 ±3.09 3.34 ± 2.29
Apo B48 AUC (^Jg/Hr/m^^) 61.56 ±31.16 79.83 ± 44.05 86.02 ± 43.29
Apo B48 iAUC (pg/Hr/mP) 31.38 ±29.35 28.46 ± 26.76 41.17 ±30.49
Triglyceride (mmol/L) 1.13 ±0.24 1.78 ± 1.02 2.44 ± 2.57
HDL-C (mmol/L) 1.54 ±0.43 1.32 ±0.29 1.23 ±0.36
LDL-C (mmol/L) 3.48 ± 0.05 2.54 ± 0.85 2.97 ±0.90
Cholesterol (mmol/L) 4.94 ± 0.20 4.27 ± 0.82 4.65 ± 1.23
Insulin AUC (mU/Hr/L‘̂ ) 49.16 ±31.00 138.00 ±64.78 210.21 ±77.65
C peptide AUC (ug/Hr/L ’) 11.09 ± 13.41 17.00 ± 10.83 18.06 ± 11.75
Glucose (mmol/L) 9.17±2.17 8.35 ± 1.91 9.29 ± 2.45
NEFA (mmol/L) 0.73 ± 0.55 0.74 ± 0.26 0.78 ± 0.23
Apo Al (g/dl) 1.46 ± 0.13 1.53 ±0.29 1.32 ± 0.23
Apo All (g/dl) 0.36 ± 0.08 0.33 ± 0.06 0.33 ±0.05
Apo B (g/dl) 1.02 ±0.09 0.82 ± 0.24 0.97 ± 0.23
CRPhs (mg/dl) 1.03 ±0.64 4.38 ± 4.88 9.11 ± 11.15
sdLDL (mg/dl) 4.67 ±4.16 3.38 ± 8.76 6.76 ± 15.28
% SdLDL 7.50 ±6.61 4.91 ± 10.45 8.26 ± 13.94
Large HDL (mg/dl) 17.00 ±7.00 12.62 ±9.38 9.64 ± 8.55
Intermediate HDL (mg/dl) 32.33 ±7.51 25.77 ±5.18 25.52 ± 5.21
Small HDL (mg/dl) 10.33 ±3.22 11.69 ±5.69 12.04 ±4.59

All analytes are at fasting concentration with the exception o f AUC. Small dense LDL is 

denoted by sdLDL. Percentage small dense LDL is calculated from the percentage o f LDL 

sub-fractions 3-7 as compared to all sub-fractions 1-7 and represented by %sdLDL.
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3.11.4 RLP-C

RLP-C concentration was performed on a portion of the case and control cohort. 

Twenty eight control subjects, twenty six cases completed the initial measurement. 

Seven cases presented with good glycaemic control, one case failed to complete the 

study protocol, and one case failed to demonstrate improvement at study completion 

resulting in seventeen completed cases. Analyte results for these cohorts are available 

in appendix 4, tables A4.1, A4.2, A4.3 and A4.4.

Table 3.11.4.1 contains the RLP-C concentrations at fasting, two, four and six hour 

post physiological meal for all cohorts. Controls had a lower mean RLP-C 

concentration at all time points measured when compared to all the case cohorts. All 

cases at the initial visit had a 50% higher median fasting concentration (9.5 mg/dl) 

when compared to the control cohort (6.33 mg/dl), 69% higher median (13.56 mg/dl) 

at two hours, and greater than 100% higher median concentration at four 

{Median=\5.1\ mg/dl) and six hours {Median=\5AZ mg/dl) when compared to the 

control cohort medians (8.09 mg/dl at two hour, 7.25 mg/dl at four hour, 7.27 mg/dl at 

six hour respectively).

The results of the Friedman test indicated that there was a statistically significant

difference in RLP-C concentration across the four time points in the control cohort
2

with a X (3, n=28) = 13.843, p<0.005. Inspection of median values showed an

increase in RLP-C concentration from fasting (Median=6.33 mg/dl) to the two hour

{Median=S.09 mg/dl) with a decrease at the four hour {Median=l.25 mg/dl) and a

subsequent small increase at the six hour time point {Median=l2 1  mg/dl). A

subsequent Wilcox on Signed Rank Test demonstrated a significant change between

the fasting and two hour concentrations only. In all cases at initial visit a Friedman

test indicated that there was a statistically significant difference in RLP-C
2

concentration across the four time points with a % (3, n=26) = 15.000, p<0.005. 

Inspection of median values showed an increase in RLP-C concentration from fasting 

{Median=9.5 mg/dl) to the two hours (Median= 13.56 mg/dl) with a further increase 

at the four hour {Median=\5.1\ mg/dl) and a subsequent small increase at the six hour
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time point {Median=\5.'i\ mg/dl). A Wilcoxon Signed Rank Test demonstrated a 

significant change between the two and four hour concentrations only.

The results of the Friedman test indicated that there was no statistically significant 

difference in RLP-C concentration across the four time points in the completed cases

at the initial visit with a x (3, n=17) = 8.082, p=0.044, or the completed cases at the 
2

final visit with a x (3, n=17) = 8.647, p=0.034. These results were confirmed by a 

Wilcoxon Signed Rank test.

A Mann-Whitney U test was used to determine the statistically significant differences 

between the control cohort and all cases at initial visit, completed cases at the initial 

visit and completed cases at the final visit. Controls demonstrated a significantly 

lower RLP-C concentration at fasting {U=225, z=-2.406, p=0.016, r=0.36), four hours 

(^7=195, z=-2.926, p=0.003, r=0.44) and six hour {U=2Q\, z=-2.827, p=0.005, r=0.43) 

after the physiological meal when compared to all cases at the initial visit.

When controls were compared to completed cases at the initial and final 

measurements, the statistically significant differences noted was a lower RLP-C 

concentration at fasting (t/=154, z=-1.966, /?=0.049, r=0.39), four hour (J7=154, z=- 

1.967, p=0.024, r=0.39) and six hours (t/=136, z=-2.254, p=.024, r=0.38) when 

compared to the completed cases at the initial visit. A Wilcoxon Signed Rank test 

failed to demonstrate a significant improvement in RLP-C concentrations at all time 

points measured in completed cases at study completion.

Table 3.11.4.1 RLP-C concentrations at fasting, two, four and six hours post 

physiological meal for all cohorts

RLP-C co n cen tra tio n  (mg/dl)
C ohorts N F 2 4 6

X ± S D X ± S D X ± S D X ±  SD
Controls 28 7.63 ± 3.53 9.64 ± 4.75 10.26 ±6.95 8.81 ± 5.40
All ca se s  initial visit 26 20,54 ±31.64 22.01 ±30.99 24.82 ± 25.22 25.72 ±31.67
Completed ca ses  
initial visit 17 21.69 ±37.27 21.09 ±36.23 21.36 ±27.05 23.69 ±36.11
Completed ca ses  
final visit 17 16.69 ± 17.53 14.83 ± 14.65 18.11 ± 17.56 18.85 ± 17.83

F —fasting, 2=two hour, 4=four hour, 6=six hour post physiological meal.
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RLP-C AUC was calculated using the trapezoidal method. Results can be viewed in 

table 3.11.4.2. A response curve analysis is available in appendix 2 section 2.15. The 

control cohort had the lowest mean RLP-C AUC. The completed cases at initial and 

final visits were divided into two groups based on the use o f lipid lowering 

medication.

A Mann-W hitney U Test revealed a significantly lower RLP-C AUC in the control 

cohort (t/=200, z=-2.839, p=0.005, r=0.43) when compared with all cases at the initial 

visit. The control cohort had a median score o f 47.45 mg/Hr/dl ' as opposed to 82.61 

m g/H r/dr' in all cases at the initial visit. The control cohort failed to demonstrate 

statistically significant differences from the completed case cohort at the initial and 

final visit. The medians o f  completed cases at the initial visit (72.96 mg/Hr/dl ')  and 

the final visit (54.23 mg/Hr/dl ')  showed a 54% and a 14% increase on the median 

score for the control cohort RLP-C AUC.

A W ilcoxon Signed Rank test failed to reveal a statistically significant improvement 

in completed cases at completion o f the study.

The relationship between fasting RLP-C concentration and RLP-C AUC was 

investigated using the Spearm an’s rho. There was a strong positive correlation 

between the two variables in the controls (r/zo=0.841, «=28, p<0.005), for all cases at 

initial visit (rho=0.928, n=26, /?<0.005) and completed cases at the initial (rho=0.931, 

«=17,p<0.005) and the final (rho=0.885, n=\7,p<0.005) visits.

Table 3.11.4.2: RLP-C AUC results for all cohorts

RLP-C AUC (mg/Hr/dl"')
Cohorts N X ± S D

Controls 28 56.30 ± 29.81
All cases initial visit 26 139.94 ± 171.67

Completed cases initial visit 17 130.29 ± 199.05

Completed cases final visit 17 101.42 ±9 6 .02

Completed cases statin initial 5 73.95 ± 52.97

Completed cases statin final 5 72.30 ± 60.68

Completed cases no statin initial 12 153.77 ±233 .59

Completed cases no statin final 12 113.55 ± 107.35
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RLP-C AUC showed a strong positive correlation with triglyceride iAUC (rho=0.558,  

«=28, p<0.005), triglyceride AUC (rho=0.S36,  «=28, p<0.005) and fasting 

triglyceride (r/zo=0.805, «=28,/?<0.005), and a strong negative correlation with large 

HDL sub-fraction (rho=-0.569,  «=28, /7<0.005) in the control cohort. The completed 

cases at initial and final measurements also demonstrated similar strong correlations 

but had a strong positive correlation with weight (initial visit r/2o=0 .8 86 , n=l7 ,  

/?<0.005, final visit rho=0J55 ,  n=\7 ,  p<0.005), BMI (initial visit r/zo=0.817, n - \ l ,  

/?<0.005, final visit rho=0.662, n = \ l ,  /?<0.005) and sdLDL sub-fraction (initial visit 

rho=0.5S9, n = \ l , p=0.013, final visit r/zo=0.608, «=17, p=0.010) not seen in the 

control cohort.

123



3.11.5 Genotype

The apo E genotype analysis was performed on a portion of cases and controls. 

Twenty eight control subjects and twenty six cases completed initial measurements. 

Seven cases presented with good glycaemic control. One case failed to complete the 

study protocol. One case failed to demonstrate improvement at study completion 

resulting in seventeen completed cases. Analyte results for these cohorts are available 

in appendix 4. Apolipoprotein E genotypes in each group are available in table 

3.11.5.1

Table 3.11.5.1: Apolipoprotein E genotypes in all cohorts

Apo E genotype
Cohorts N E3/E3 E3/E4 E2/E4 E4/E4 E2/E3

Controls 28 15 11 1 1

All c a s e s  initial visit 26 16 6 1 3

C om pleted  c a s e s 17 10 5 1 1

The cohorts were divided into two groups: - those with E3/E3 genotype and non 

E3/E3 genotypes. The control cohort results can be viewed in table 3.11.5.2

A Mann-Whitney U Test was used to determine significant differences between the 

two genotype groups in the control cohort. A significantly higher fasting NEFA 

concentration was found in the E3/E3 genotype group (Median=0.53 mmol/L) as 

compared to the non E3/E3 genotype group (Median=0.38 mmol/L) ({/=53.5, z=- 

2.027, /?=.041, /-=0.38). The sdLDL fraction appeared to be higher in the non E3/E3 

group {Meciian=4 mg/dl) as compared to E3/E3 group {Median=2 mg/dl). Further 

analysis o f LDL sub-fractions revealed a significantly higher LDL2 sub-fraction in the 

non E3/E3 group {Median=2% mg/dl, E3/E3 group (Median= 19 mg/dl) (U=42, z=- 

2.563, p=.010, r=0.48). The E3/E3 group had a lower small HDL sub-fi"action 

{Median=\5 mg/dl) as compared to the non E3/E3 group (Median=20 mg/dl) although 

this was not significant. The HDL 10 sub-fraction was significantly lower in the E3/E3 

group {U=51.5, z=-2.13,/?=.033, ^ 0 .4 0 ) with a median of 6mg/dl as compared to the 

non E3/E3 group median of 10 mg/dl.
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The apo B48 AUC median was also higher in the E3/E3 cohort (Median=15.0S 

fig/Hr/ml-') as compared to non E3/E3 cohort {Median=5SA |j,g/Hr/ml-'). This was 

accompanied by a 61% increase in median apo B48 iAUC in the E3/E3 group 

{Median=31.61 )ag/Hr/ml-' non E3/E3 Median=22.94 |a,g/Hr/ml-').

All cases at initial visit were also divided into two cohorts based on the presence of 

the E3/E3 genotype. Results can be viewed in table 3.11.5.3.

The E3/E3 group had a 57% higher median score for fasting triglyceride 

{Median=2.21 mmol/L), as compared to the non E3/E3 group {Median=\A5 mmol/L). 

The triglyceride AUC {Median=\5.\3 mmol/Hr/L') and triglyceride iAUC 

{Median=3.30 mmol/Hr/L"') were 31% and 37% higher respectively than the non 

E3/E3 group (triglyceride AUC Median=\ 1.59 mmol/Hr/L'', triglyceride incremental 

AUC median=2.40 mmol/Hr/L''). The apo B48 AUC was higher in the E3/E3 cohort 

(MeJ/a«=84.73 ^g/Hr/ml ') as compared to the non E3/E3 group {Median=64.02 

lag/Hr/ml '). This was accompanied by a significant increase ((7=40, z=-2.108, 

/7=0.035, r=0.41) in apo B48 iAUC in the E3/E3 cohort {Median=4\.91 p,g/Hr/mr' 

non E3/E3 (Median=\9.39 jig/Hr/ml ')

The fasting cholesterol concentration in the E3/E3 group {Median=5.0S mmol/L) was 

significantly higher when compared with the non E3/E3 group Median=4.\ mmol/L) 

((7=36, z=-2.32,/?=0.02, r=0.45).

The results of the completed cases at initial and final measurement can be viewed in 

appendix 4, table A4.5. There were no significant differences noted when the non 

E3/E3 groups were compared to the E3/E3 group.
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Table 3.11.5.2: Control cohort divided into two groups based on the presence of

E3/E3 genotype.

E3/E3 non E3/E3
N 15 13
Analytes X ±SD X ±SD
Age 50.5 ± 3.3 51.0 ±4.5
Weight (kg) 72.2 ± 9.8 69.3 ± 10.7
BMI (kg/m2) 25.1 ±2.3 23.9 ±3.1
HOMA-IR 0.87 ± 0.50 1.04 ±0.86
HbA1c(%) 5.2 ±0.4 5.1 ±0.4
Triglyceride AUC (mmol/Hr/L'') 10.61 ±5.14 10.44 ±5.21
Triglyceride iAUC (mmol/Hr/L ’) 2.28 ± 1.87 2.42 ± 2.57
Apo B48 AUC (pg/Hr/mM) 74.48 ± 26.64 70.57 ± 33.68
Apo B48 iAUC (ug/Hr/m!-') 35.32 ± 15.72 24.61 ± 19.58
Triglyceride (mmol/L) 1.39 ±0.69 1.33 ± 0.57
RLP-C AUC (mgHrdl'^) 55.63 ± 29.47 57.08 ±31.39
RLP-C (mg/di) 7.13 ±3.71 8.20 ± 3.38
HDL-C (mmol/L) 1.64 ± 0.44 1.55 ± 0.39
LDL-C (mmol/L) 3.45 ± 0.75 3.68 ± 0.89
Cholesterol (mmol/L) 5.30 ± 6.77 5.38 ± 0.79
Insulin AUC (mU/Hr/L ’) 42.95 ± 19.87 62.26 ± 63.50
C peptide AUC (ug/Hr/L ’) 15.49 ±5.99 15.61 ±8.24
Glucose (mmol/L) 4.92 ± 0.35 4.90 ± 0.38
NEFA (mmol/L) 0.53 ±0.16 0.40 ±0.18
Apo Al (g/dl) 1.74 ±0.32 1.61 ±0.27
Apo All (g/dl) 0.38 ± 0.07 0.35 ± 0.06
Apo B (g/dl) 1.05 ± 0.20 1.11 ± 0.27
CRPhs (mg/dl) 1.50 ± 1.56 1.45 ± 1.77
SdLDL (mg/dl) 3.73 ± 5.71 9.07 ± 12.28
% SdLDL 5.63 ± 7.32 11.60 ± 14.43
Large HDL (mg/dl) 15.60 ±9.30 11.62 ±7.70
Intermediate HDL (mg/dl) 30.40 ±8.91 28.23 ± 8.90
Small HDL (mg/dl) 16.47 ±5.08 19.85 ±4.72

Fasting concentrations o f analytes used with the exception o f AUC. Small dense LDL 

is denoted by sdLDL. Percentage small dense LDL is calculated from the percentage 

o f LDL sub-fractions 3-7 as compared to all sub-fractions 1-7 and represented by 

VosdLDL.
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Table 3.11.5.3: All cases at initial visit divided into two cohorts based on the presence

of E3/E3 genotype

E3/E3 non E3/E3
N 16 10
Analytes X ±S D X ±S D
Age 58.4 ± 8.3 54.9 ± 10.2
Weight (kg) 85.6 ± 14.0 89.3 ± 15.4
BMI (kg/m2) 30.7 ± 3.8 31.1 ±6.3
HOMA-IR 4.59 ± 3.71 6.42 ± 3.98
HbA1c(%) 7.8 ± 1.4 8.7 ±2.1

Triglyceride AUC (mmol/Hr/L ’ ) 21.26 ±20.70 14.55 ±7.16
Triglyceride iAUC (mmol/Hr/L ’ ) 3.91 ± 4.55 2.51 ± 1.72
Apo B48 AUC (ug/Hr/m!--') 98.95 ± 53.29 79.58 ± 46.54
Apo B48 iAUC (ug/Hr/ml-^) 46.23 ± 35.63 11.82 ±33.68
Triglyceride (mmol/L) 2.89 ±3.11 2.01 ± 1.15

RLP-C AUC (mgHrdr^) 168.02 ±210.08 95.00 ± 68.26
RLP-C (mg/dl) 24.16 ±38.86 14.74 ± 14.29
HDL-C (mmol/L) 1.27 ± 0.34 1.12 ±0.22
LDL-C (mmol/L) 3.22 ± 0.76 2.86 ± 1.12
Cholesterol (mmol/L) 5.25 ± 1.32 4.31 ± 1.00
Insulin AUC (mU/Hr/L'^) 160.96 ± 81.73 169.77 ± 106.88

C peptide AUC (ug/Hr/L'') 20.88 ± 11.55 20.89 ± 16,48
Glucose (mmol/L) 8.37 ± 2.36 9.08 ±3.10
NEFA (mmol/L) 0.76 ± 0.34 0.69 ± 0.24
Apo A1 (g/dl) 1.37 ± 0.29 1.29 ±0.20
Apo All (g/dl) 0.33 ± 0.06 0.31 ± 0.04
Apo B (g/dl) 1.03 ±0.24 0.91 ±0.26
CRPhs (mg/dl) 3.76 ± 4.38 5.75 ± 10.72
SdLDL (mg/dl) 15.94 ±20.57 4.60 ± 3.57
% SdLDL 18.60 ± 19.03 8.20 ±6.19
Large HDL (mg/dl) 8.75 ±8.31 6.90 ±4.38
Intermediate HDL (mg/dl) 25.56 ± 9.04 22.80 ± 4,49
Small HDL (mg/dl) 15.19±7.19 13.40 ±2,88

Fasting concentrations o f analytes used with the exception o f  AUC. Small dense LDL 

is denoted by sdLDL. Percentage small dense LDL is calculated from the percentage 

o f  LDL sub-fractions 3-7 as compared to all sub-fractions 1-7 and represented by 

%sdLDL.
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3.12 Glycaemic control Vs Weight Control In completed cases

At completion of the study, final measurements fi'om the completed cases were 

compared to initial measurements to determine statistically significant improvement 

in assessed parameters using the Wilcoxon Signed Rank Test. Results can be viewed 

in table 3.12.1.

The completed case cohort demonstrated significant improvement in glycaemic 

control. A Wilcoxon Signed Rank test revealed a statistically significant reduction in 

HbAlc (z=-5.580,p=0, r=0.62) fi'om an initial median score of 8.8% to a final median 

of 6.8%. This was accompanied by a significant reduction in insulin resistance as 

assessed by HOMA-IR (z=-2.782, /?=0.005, r=0.31). The subsequent reduction in 

glucose was across all four time points measured: fasting (z=-4.868, p=0, r=0.54), 

two hours (z=-4.947,/7=0, r=0.55), four hours (z=-5.155,/?=0, r=0.57) and six hours 

(z=-5.244, p= 0,7^0.58) post physiological meal.

There was also a significant improvement in weight (z=-2.286, p=0.022, r=0.25) and 

BMI (z=-2.240, /7=0.025, r=0.24), with a median reduction in BMI from the initial 

(31.5 kg/m^) to the final (30.7 kg/m^) measurement.

A Wilcoxon Signed Rank Test did not reveal a statistically significant reduction in 

triglyceride AUC in completed cases at study completion (z=-1.924, /»=0.054 with a 

small size effect r=0.21). The median score for triglyceride AUC decreased fi'om the 

11.8 mmol/Hr/L' initially to a final median of 11.19 mmol/Hr/L''. The only 

significant improvement in the individual triglyceride concentration was at two hours 

post physiological meal (z=-3.316,/?=0.002,7^0.35). The fasting NEFA concentration 

also demonstrated a significant decrease at study completion from an initial median of 

0.78 mmol/L to a final median o f 0.61 mmol/L. The CRPhs demonstrated significant 

improvement at all four time points measured.

The impact o f improved glycaemic control on triglyceride AUC and CRPhs response 

was determined using Spearman’s rho. The delta change (initial minus final
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measurement) was used to determine the correlation coefficient. The improvement in 

H b A lc  failed to show a correlation w ith improvement in triglyceride AUC, rho= - 

0.65 p=0.687 or the improvement in CRPhs rho= -0.092 p=0.586.

Table 3.12.1: W ilcoxon Signed Rank Test results o f completed cases in itia l versus 

fina l measurement

Analyte Significance p<0.05
HbAlc (%) 0
Weight (kg) 0.022

BMI (kg/tn^) 0.025

Triglyceride AUC (mmol/Hr/L‘ )̂ NS

Triglyceride iAUC (mmol/Hr/L'’ ) NS
Apo B48 AUC (ijg/Hr/ml-'') NS
Apo B48 iAUC (tjg/Hr/ml-') NS
sdLDL (mg/dl) NS
% SdLDL (%) NS
Large HDL (mg/dl) NS
Intermediate HDL (mg/dl) NS
Small HDL (mg/dl) NS

HOMA-IR 0.005
F 2 4 6

Triglycerides (mmol/L) NS 0.002 NS NS
Apo B48 (|jg/ml) NS NS NS NS
Glucose (mmol/L) 0.000 0.000 0.000 0.000

Cholesterol (mmol/L) NS NS NS NS

HDL (mmol/L) NS NS NS NS

LDL (mmol/L) NS NS NS NS

Apo Al (g/dl) NS 0.015 NS NS

Apo All (g/dl) NS NS NS NS

Apo B (g/dl) NS NS NS NS

Lp (a) (g/dl) NS NS NS NS

CRPhs (mg/dl) 0.002 0.001 0.003 0.002

NEFA (mmol/L) 0.016 NS NS NS
Insulin (mU/L) NS NS NS 0.035

C peptide (ug/L) NS NS NS NS

Parameters are compared at all time points: F=fasting, 2=2 hour, 4= 4 hour and 6= 

6 hour post physiological meal. Small dense LDL is denoted by sdLDL and 

percentage sdLDL (% sdLDL) is calculated from all LDL fractions measured.
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At completion of the study a number of cases (21) had lost 1% of their body weight. 

The remaining cases (20) had remained no weight loss or gained weight. The 

completed case cohort was divided into two groups based on weight change at final 

measurement (see table 3.12.2).

The weight loss cohort had 14 cases taking lipid lowering medication and 18 cases 

taking oral glycaemic agents. The no weight loss cohort had 10 cases taking lipid 

lowering medication and all cases were taking oral glycaemic agents.

As expected both cohorts had significant improvement in glycaemic control as 

highlighted by improvement in fasting glucose concentration and HbAlc 

concentration. The weight loss cohort also demonstrated significant improvement in 

weight and BMl as compared to a significant increase in both parameters in the no 

weight loss cohort.

The weight loss cohort also had significant improvement in insulin resistance (z=- 

2.937, p=0.003, r=0.45) as highlighted by a decrease in HOMA-IR from a median of 

4.71 to 3.24. This was accompanied by a significant decrease in insulin AUC (z=- 

3.180,/?=0.001,r=0.49).

The triglyceride AUC also demonstrated a significant improvement in the weight loss 

cohort (z=-3.180, p=0.001, r=0.49), not seen in the no weight loss cohort. The weight 

loss group had a significant decrease in triglyceride concentrations at all time points 

measured. The no weight loss cohort demonstrated an increase in triglyceride AUC 

from a median of 11.49 mmol/Hr/L'' at the initial measurement to a median of 12.17 

mmol/Hr/L ' at completion. The apo B48 AUC also decreased in the weight loss 

cohort from an initial median of 72.55 ixg/Hr/ml ' to a final median o f 68.08 

^g/Hr/ml '. A similar pattern was seen in the incremental apo B48 AUC with an 

initial median of 40.38 ^g/Hr/ml ' to a final median of 26.86 |ig/Hr/ml''. There was a 

decrease in median concentrations at final measurement in all apo B48 time points in 

the weight loss cohort.
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The no weight loss cohort had an increase in apo B48 AUC from an initial median of 

66.74 iiig/Hr/mr' to a final median of 76.07 lag/Hr/ml '. This was accompanied by a 

significant increase in apo B48 concentration at the 4 hour time point (z=-2.016, 

p=0.044, r=0.32) and an almost significant increase in fasting apo B48 concentration 

at completion of the study protocol (z=-1.941,p=0.052, r=0.31).

There was also a significant improvement in the fasting cholesterol and CRPhs 

concentrations at protocol completion in the weight loss group not seen in the no 

weight loss cohort.

When the weight improvement is correlated with the change in triglyceride AUC in 

the weight loss group no significant correlation was noted.
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aiiu iiiiai iiica^uiciiiciii^.

Weight loss No weight loss
Initial Final p<0.05 Initial Final p<0.05

Analytes X ± S D X ± S D X ± S D X ± S D
N 21 21 20 20
Age 55.5 ±9.1 56.1 ±9.1 <0.005 57.6 ± 8 .4 58.2 ± 8.3 <0.005
Weight (kg) 99.5 ±25.3 93.9 ±25.1 <0.005 84.9 ± 13.4 86.8 ± 12.7 0.012
BMI (kg/m2) 34.8 ±8.3 32.8 ± 7 .7 <0.005 30.2 ± 3 .7 30.9 ±3.61 0.01
HOMA-IR 5.54 ±3.44 3.34 ± 1.87 <0.005 4.02 ± 2.27 4.03 ± 2.45 NS
HbAlc (%) 8.5 ± 1.4 6.6 ± 0 .6 <0.005 9.1 ± 1.3 6.9 ± 0 .7 <0.005
Triglyceride AUC (mmol/Hr/L'') 17.68 ± 18.09 13.28 ±9.30 <0.005 14.09 ±6.74 14.65 ±7.38 NS
Triglyceride iAUC (mmol/Hr/L ') 3.29 ±2.51 3.00±3.12 NS 2.96 ±2.66 3.06 ±2.72 NS
Apo B48 AUC (ng/Hr/ml-') 87.14 ±46.56 90.70 ±67.54 NS 77.15 ±38.07 98.09 ±71.90 NS
Apo B48 iAUC (|ig/Hr/ml-') 42.76±31.11 35.87 ±32.98 NS 29.78 ±26.16 19.08 ±37.60 NS
Triglyceride (mmoI/L) 2.39 ±2.79 1.72± 1.14 0.006 1.86 ± 1.00 1.93 ± 1.06 NS
HDL-C (mmol/L) 1.27 ±0.39 1.24 ±0.25 NS 1.30 ±0.29 1.23 ±0.25 NS
LDL-C (mmol/L) 2.86 ± 0.84 2.47 ± 0.89 NS 2.88 ±0.93 2.92 ±0.89 NS
Cholesterol (mmol/L) 4.62 ± 1.25 4.05 ± 0.90 0.011 4.48 ±0.88 4.61 ±0.87 NS
Insulin AUC (mU/Hr/L ') 207.28 ±75.43 164.74 ±77.54 <0.005 142.19 ±84.63 176.22 ± 102.31 NS
C peptide AUC (ug/Hr/L'') 19.22 ± 12.51 13.79 ± 13.42 NS 15.10 ± 10.02 16.12 ± 12.34 NS
Glucose (mmol/L) 8.68 ±2.25 6.53 ±0.84 <0.005 9.31 ±2.29 7.36 ± 1.09 <0.005
NEFA (mmol/L) 0.78 ±0.19 0.66 ±0.23 NS 0.74 ±0.32 0.67 ± 0.29 NS
Apo A1 (g/dl) 1.39 ±0.26 1.46 ±0.23 NS 1.41 ±0.26 1.45 ±0.26 NS
Apo All (g/dl) 0.34 ± 0.06 0.33 ± 0.03 NS 0.33 ± 0.06 0.35 ± 0.06 NS
A poB  (g/dl) 0.97 ± 0.25 0.79 ±0.29 0.012 0.87 ± 0.20 0.97 ± 0.22 NS
CRPhs (mg/dl) 10.89 ± 11.44 5.90 ±8.10 0.005 2.95 ± 4.08 2.05 ± 1.78 NS
sdLDL (mg/dl) 5.48 ± 16.16 8.36 ± 11.98 NS 5.60 ±8.68 6.25 ±6.13 NS
% sdLDL 6.36 ± 14.22 8.36 ± 14.43 NS 7.96 ± 10.49 10.31 ± 10.27 NS
Large HDL (mg/dl) 11.33± 10.08 11.00 ±7.05 NS 10.90 ±7.48 10.10 ±5.74 NS
Intermediate HDL (mg/dl) 26.05 ± 5.05 25.43 ± 5.26 NS 26.15 ±6.07 24.90 ± 6.40 NS
Small HDL (mg/dl) 11.52 ±5.34 11.43 ±5.35 NS 12.10±4.29 13.25 ±5.56 NS
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4. Discussion

"Science never solves a problem without creating ten m ore”

George Bernard Shaw
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4.1 Fasting and the postprandial response wtiere are we now?

The question which is better; fasting or postprandial lipid measurements, has been 

debated for a long time. Considerable work and abundant evidence supports the 

analysis of lipid parameters under fasting conditions. However analysis in the 

postprandial phase has many advantages despite remaining controversial still. Some 

of this controversy lies in the standardisation of conditions in which to assess the 

postprandial phase.

In this study analysis in the postprandial state highlighted significant changes that 

would not be apparent in the fasting analysis;-

• Significant decrease in LDL-C and HDL-C concentrations.

• Maximal triglyceride concentration achievement varied with individuals in 

each group.

• All cohorts demonstrated varying ability to restore triglyceride and apo B48 

concentrations to fasting levels six hours post meal.

• Interestingly even on presentation with optimal fasting triglycerides in all 

cohorts some individuals still failed to restore concentrations to fasting levels 

six hours post meal.

• The effects of statin medication on postprandial apo B48 responses 

highlighted significant differences in concentrations at six hours post 

physiological meal. This statistical difference was not seen in fasting 

concentrations.

When the controls were compared to the completed cases no significant differences 

were noted in the fasting triglyceride concentration. However there were significantly 

higher triglyceride concentrations at six hours post physiological meal in the 

completed cases before and after achievement of target glycaemic control.

The concept of standardising the expected response to a meal such as used in this 

study i.e. ideal AUC, highlighted a group of cases and controls who presented with 

optimal triglyceride concentrations but still had an exaggerated postprandial response.
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4.2 Control cohort -  the normal response

The control cohort consisted of employees and of visitors to a University Teaching 

Hospital (Tallaght). Thirty percent of the control cohort had an ideal BMI. The 

remaining 70% of controls were either overweight (42%) or obese (28%) (WHO 

1995). Women outnumbered men in the ratio 40:20, most likely reflective of the 

female preponderance amongst hospital staff

All selected controls had a normal glucose tolerance test (WHO 1999) but this cohort 

was not without perceived cardiovascular risk.

The NCEP (2002) guidelines defined optimal fasting LDL-C concentrations as < 2.6 

mmol/L and HDL-C > 1.03 mmol/L. When these guidelines are applied to the control 

cohort 17% had fasting LDL-C concentrations of < 2.5 mmol/1, the remaining 83% 

had concentrations > 2.5 mmol/L with 38% of the cohort having fasting LDL-C 

concentrations > 3.6 mmol/L (see appendix 2, figures A2.5 and A2.6).

LDL-C is an effective predictor of cardiovascular risk (Carmena et al 2004). There is 

overwhelming evidence for the reduction of LDL-C and subsequent decrease in 

cardiovascular events which resulted in an update to NCEP guidelines in 2004 

(Grundy et al 2004) to include an LDL-C < 1.8 mmol/L for patients with severe 

cardiovascular risk. Only three members of the control cohort had a fasting LDL-C 

concentration <1.8 mmol/L.

Low HDL-C is also considered a significant cardiovascular risk (Nordestgaard et al 

2007). The control cohort consisted of thirteen patients (22%) with fasting HDL-C of 

< 1 mmol/L, 70% had concentrations between 1 - 2 . 1  mmol/L and the remaining 8% 

had concentrations > 2.1 mmol/L (see appendix 2, figure A2.5).

Fasting NEFA concentrations were raised in 37% of the control cohort. High fasting 

NEFA levels are thought to be a risk factor for the development of type 2 diabetes 

(Paolisso et al 1995, Pankow et al 2004). The increase in flux of fatty acids to the liver 

results in increased VLDL production seen in insulin resistant states (Gibbons et al
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2000, Lewis et al 2002). High concentrations of plasma NEFA have been linked to an 

impainnent o f insulin stimulated glucose utilization (Ferrannini et al 1983) and an 

increase in hepatic production o f glucose.

Elevated concentrations of C-reactive protein can predict the development o f type 2 

diabetes (Pradhan et al 2001). Assessment of fasting CRPhs revealed 32% of the 

control cohort had concentrations < 1 mg/dl as opposed to 30% with elevated 

concentrations > 3 mg/dl (appendix 2, figure A2.7). Plasma CRPhs levels of > 

1.6mg/dl were predictors of future coronary events in patients with stable coronary 

artery disease. Ridker et al (2002) determined that CRP was a stronger predictor of 

cardiovascular events than LDL-C concentrations. Wilson et al (2005) with patients 

from the Framingham Heart Study observed that CRP alone was an effective 

discriminator of future cardiovascular events, but elevated CRP concentrations did not 

provide any further information of prognostic value that could not be obtained from 

the traditional risk factors.

The International Diabetes Federation (IDF) (2005) guidelines on the definition of the 

metabolic syndrome suggest an optimal fasting triglyceride concentration of < 1.7 

mmol/L. The mean triglyceride concentration of the control cohort was 1.46 ± 0.64 

mmol/L (see table 3.2.2). However, only 72% of the cohort had concentrations < 1.7 

mmol/L. The remaining 28% had fasting triglyceride concentrations > 1.7mmol/L and 

seven of these patients had HDL-C < 1 mmol/L. The key observations from the 

fasting parameters in the control cohort are summarised in table 4.2.1.

The cholesterol concentration reduced significantly at two hours after the 

physiological meal (see table 3.2.2). This is reflective of changes in the LDL-C and 

HDL-C parameters. Oral fat load tests have demonstrated decreases in HDL 

concentration in normal healthy individuals (Kay et al 1980), patients with coronary 

artery disease (Groener et al 1998) or smokers (Mero et al 1998). There was a 10% 

decrease in HDL-C median concentration and a 6% decrease in LDL-C concentration 

at two hours after the physiological meal in this study. Hajer et al (2008) reported an 

11% drop in HDL-C concentrations after a fat load in obese metabolic syndrome 

patients. This was ftirther supported by Otokozama et al (2009) who reported a 

decrease of 20% and 13% in HDL-C and LDL-C concentrations respectively as
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analysed by direct measurement. These postprandial changes have not deterred the 

ATPIII (NCEP 2002) from allowing measurement of total cholesterol and HDL-C in 

the non-fasting state.

Table 4.2.1: Summary of control cohort fasting observations

Analysis Study Findings

Guidelines/Corroborative

studies

BMI

28% o f control population were 

obese. WHO 1995

LDL-C

83% o f control population had 

raised fasting concentrations. NCEP 2002

HDL-C

22% o f control population had 

decreased fasting 

concentrations. NCEP 2002

Triglycerides

28% o f control population had 

raised fasting concentrations. IDF 2005

NEFA

37% o f control population had 

raised fasting concentrations.

Possible risk o f  development o f  type 

2 diabetes (Paolisso et al 1995, 

Pankow et al 2004, Ferrannini et al 

1983)

CRPhs

30% o f control population had 

raised fasting concentrations

Possible predictor o f  CVD (Ridker et 

al 2002, Wilson et al 2005)

A number of studies have reported no significant difference between fasting and non 

fasting concentrations of apo AI (Cohn et al 1988, Rifai et al 1990, Langsted et al 

2008). This study had a significant decrease in apo Al (4%), All (11%) and B (5%) at 

two hours post physiological meal. However these changes were relatively small.

The CRPhs concentrations also demonstrated significant changes in concentration 

although this resulted in a drop o f only 1.5% in median concentrations at 2 hours. 

Zahedi et al (2001) reported no change in CRPhs after a fat load, as opposed to 

Derosa et al (2009) who reported significant changes at three, six and twelve hours. 

Blum et al (2006) reported a 6% drop in CRPhs at two hours with a meal high in
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monounsaturated fat (61% of total fat). The meal used in my study consisted of 39% 

monounsaturated fat which may explain the smaller decrease in median 

concentrations.

Insulin is a potent regulator of NEFA concentrations (Ferrannini et al 1997). Increases 

in insulin concentration result in a marked decrease in NEFA concentrations reflecting 

a move away from fat deposit utilization towards carbohydrate utilization. The two 

hour postprandial suppression of NEFA concentration in this study is accompanied by 

the expected inverse response of insulin concentration (see table 3.2.1). As the insulin 

concentration decreases from two to four hours the NEFA concentration responds 

with a final mean concentration at six hours higher than the initial fasting 

concentration. The inhibition of lipolysis by insulin leads to enhanced glucose uptake. 

Jackson et al (2005) demonstrated that the NEFA response accounted for 24% of the 

variability of glucose response to a saturated fat rich meal.

As expected there was a significant postprandial increase in triglyceride concentration 

after the physiological meal. Maximum triglyceride concentration at two hours was 

achieved by 37% of control subjects; 58% had a maximal concentration at fours hours 

and the remaining 5% did not achieve maximal concentration until six hours post 

meal. Single postprandial triglyceride concentrations at six and eight hours are 

accurate predictors o f the presence or absence of coronary artery disease (Patsch et al 

1992). The Women’s Health Study reported that postprandial concentrations of 

triglyceride at two and four hours had the strongest association with cardiovascular 

events (Bansal et al 2007).

Although fasting triglyceride concentration is a major determinant of postprandial 

lipaemia (Patsch et al 1992, Karpe et al 1994, Castro Cabezas et al 2001, Groot et al 

1991, Hwu et al 2008), these measurements may not reveal underlying postprandial 

abnormalities (Karpe et al 1999). In this study only nineteen subjects had restored 

their triglyceride concentrations equal to or below fasting levels at six hours. The 

remaining forty one patients consisted o f thirteen patients who presented with fasting 

triglyceride concentration < 1.7 mmol/L. Groot et al (1991) reported a marked delay 

in normalisation of triglyceride concentrations in patients with coronary artery 

disease. Katan (2004) reported the underlying causes of poor postprandial clearance
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as low  activity and obesity. Table 4.2.2 sum m arises the key postprandial changes 

observed in the control cohort.

Table 4.2.2: Sum m ary o f  the postprandial changes in the control cohort

Analysis Study Findings C orroborative studies

LDL-C/HDL-C
Significant decreases in concentration 
post physiological meal

Similar findings reported (Kay 
et al 1980, Hajer et al 2008, 
Otokozama et al 2009)

Ape AI/AII/B
Significant decreases in concentration 
post physiological meal

CRPhs
Significant changes in concentration 
post physiological meal

Similar findings reported 
(Derosa et al 2009, Blum et al 
2006)

NEFA/ Insulin

Decrease in NEFA concentration 
accompanied by increase in insulin 
concentration

Maximum concentration at two hours in 
37% of control population

Postprandial concentrations at 
two and four hour strongest 
association with CVD events 
(Bansal et al 2007)

Maximum concentration at four hours 
in 58% of control population

32% of control population restored 
concentrations to fasting levels at six 
hours

68% of control population failed to 
restore concentrations to fasting levels 
at six hours

30% of control population presenting 
with optimal fasting triglycerides failed 
to restore concentrations to fasting 
levels at six hours

Marked delay of 
normalisation of triglyceride 
concentrations in patients with 
CVD ( Groot et al 1991)

Triglycerides

70% of control population presenting 
with optimal fasting triglycerides 
restored concentrations to fasting levels 
at six hours
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4.3 Case cohort initial visit- an ongoing dilemma

All completed cases (n=41) had poor glycaemic control with a mean HbAlc 

concentration > 7% (ADA 2008). The mean fasting glucose concentration was 9.0 

mmol/L (table 3.3.3.1). All cases (n=56) that presented for initial measurement but 

failed to complete the study protocol included seven patients who presented with good 

glycaemic control (mean HbAlc < 6.5%) and eight patients who presented with poor 

glycaemic control (mean HbAlc > 7%).

The completed case cohort consisted of a middle aged group of individuals with a 

mean BMI in the obese range (see table 3.1.3.1). Only two cases had an ideal BMI 

with more than half of the cohort classified as obese (WHO 1995). There was a slight 

female preponderance in the case cohort (see table 3.1.3.2, 3.1.3.3). At baseline the 

case cohort appear to have an adverse cardiovascular risk profile.

The lipid pattern in type 2 diabetes shows a consistent pattern o f abnormalities known 

as diabetic dyslipidaemia with key components including decreased HDL-C and 

increased triglycerides. This cohort appeared to be hypertriglyceridaemic with a mean 

fasting triglyceride concentration o f 2.13 mmol/L. However there was wide variation 

in the fasting triglyceride concentration with 44% of the cohort presenting with 

concentrations >1.7 mmol/L. The HDL-C concentration in this group was 

surprisingly more favourable than expected with only seven cases demonstrating 

HDL-C concentrations < 1 mmol/L. Laasko et al (1993) characterised decreases in 

HDL concentration as the most important predictor of coronary heart disease in type 2 

diabetes.

ADA (2008) recommended that all patients with type 2 diabetes should be placed on 

statin medication regardless of baseline lipid concentrations. The target goal for LDL- 

C concentration is < 2.6 mmol/L in the absence o f overt cardiovascular disease. Only 

twelve patients achieved a LDL-C < 2.5 mmol/L (see appendix 2, table A2.6).

The completed case cohort had a raised mean fasting NEFA concentration with 76% 

of participants demonstrating concentrations of > 0.6 mmol/L. The term lipotoxicity
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was coined (Unger 2000, Bays et al 2004) to describe the effect o f  raised FFA which 

stimulates gluconeogenesis and increases hepatic and muscle insulin resistance and 

may impair insulin secretion in certain individuals (Bays et al 2004). Increased supply 

o f FFA to the liver also contributes to the overproduction o f VLDL seen in type 2 

diabetes (Carpentier 2008).

Patients with type 2 diabetes are known to have raised CRP concentrations (Crook et 

al 1993, Rodriguez-Moran et al 1999) and low grade inflammation may play a role in 

the development o f type 2 diabetes (Festa et al 2000). Over half the cases at initial 

presentation had CRPhs concentrations > 3 mg/dl. It should be noted that in this group 

o f patients six cases had CRPhs concentrations > 15 mg/dl which is indicative o f more 

active inflammation (Rifai et al 2001). CRP > 3 mg/dl in patients with unstable angina 

at admission to hospital are associated with increased incidence o f recurrent angina, 

myocardial infarction, cardiovascular death and coronary revascularization (Liuzzo et 

al 1994). In a similar study CRP concentrations > 3 mg/dl in unstable angina patients 

at discharge were associated with increased readmission and myocardial infarction 

(Ferreiros et al 1999). Table 4.3.1 summarises the key fasting parameter observations 

in the case cohort.

Table 4.3.1: Summary o f the case cohort fasting observations

Analysis Study Findings Corroborative studies

BMI 59% of population were obese. WHO 1995

HbAlc
Cases demonstrated poor 
glycaemic control at initial visit.

LDL-C
71 % of case population had 
raised fasting concentrations.

HDL-C
17% of case population had 
decreased fasting concentrations.

Triglycerides
44% of case population had 
raised fasting concentrations. ADA 2008

NEFA
76% of case population had 
raised fasting concentrations.

Increased supply of FFA 
contributes to overproduction of 
VLDL (Carpentier 2008)

CRPhs
56% of case population had 
raised fasting concentrations

Type 2 diabetes associated with 
raised CRP (Crook et al 1993, 
Rodriguez-Moran et al 1999)
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The case cohort at initial visit, similar to the control cohort, also demonstrated 

significant changes in cholesterol, HDL-C and LDL-C concentrations between fasting 

and two hours after the physiological meal. Both HDL-C and LDL-C median 

concentration decreased by 5% at two hours (see appendix 5, table A5.2). Coutinho et 

al (2008) reported a decrease in HDL at three and five hours after a 56g fat meal, and 

the decrease in HDL-C correlated with visceral obesity. Lund et al (2008) reported a 

decrease in LDL-C in a cohort o f seventy four patients with type 2 diabetes, with 

maximal change at 3 hours o f  -0.16 mmol/L. The decrease was greater in women than 

men.

The NEFA concentration as expected demonstrated a significant reduction at two 

hours after the administration o f  the physiological meal. This was accompanied by an 

increase in mean insulin concentration o f over three times the fasting concentration 

(see table 3.3.3.1). In type 2 diabetes, the ability o f insulin to inhibit lipolysis and to 

reduce FFA concentrations is markedly impaired (Groop et al 1989). This is 

highlighted by the excessive insulin postprandial response. The mean insulin 

concentration subsequently dropped at four and six hours but still did not fall below 

the fasting concentration. Greenfield et al (2007) reported a higher postprandial 

insulin response in insulin resistant and insulin sensitive individuals following a high 

carbohydrate high fat meal as opposed to a high low carbohydrate high fat meal and 

that the insulin postprandial response was related to insulin sensitivity. Similar to this 

study the insulin response was higher in the more insulin resistant individuals. Despite 

this difference in insulin responses between insulin-sensitive and insulin-resistant 

subjects there were no significant differences in postprandial NEFA responses. The 

excessive insulin response in the insulin resistant state appears to have ensured that 

the postprandial response o f NEFA concentration is unaffected. Therefore the insulin 

response o f patients with type 2 diabetes in this study is not unexpected. Greenfield et 

al (2007) also demonstrated in the insulin-resistant subjects despite this greater 

postprandial increase in insulin levels relative to insulin sensitive individuals 

postprandial reductions to arterial stiffness, specifically augmentafion index were 

similar suggesting resistance to postprandial insulin stimulated arterial relaxation.
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The peak maximal triglyceride concentration after the physiological meal varied 

among the completed case cohort; 37% had peak concentrations at two hours, 51% 

had peak concentrations at four hours and 12% had peak concentrations at six hours. 

The median concentration increased by 46% at two hours post meal and at six hours 

was 41% higher than fasting concentration. At six hours post meal only 24% of cases 

had restored concentrations to the same or below fasting concentrations. Peak 

concentrations o f triglycerides are higher and remain so for longer in type 2 diabetes 

(Curtin et al 1996, Madhu et al 2009).

Optimal fasting triglyceride concentrations are not always a good predictor o f 

postprandial hypertriglyceridaemia (Karpe et al 1999). In the completed case cohort 

twenty three patients presented with fasting triglyceride concentration < 1 . 7  mmol/L. 

At four hours post meal 33% had concentrations between 1.7 -  2.1 mmol/L and 13% 

had concentrations > 2.1 mmol/L. At six hours post meal 21% o f cases had 

concentrations between 1.7 -  2.1 mmol/L and 9% had concentrations > 2.1 mmol/L. 

lovine et al (2004) reported similar findings in a study to evaluate the daily 

triglyceride profile o f patients with type 2 diabetes. In patients with optimal fasting 

values (< 1.69 mmol/L), triglyceride concentrations three hours after lunch ranged 

between 1.69 -  2.25 mmol/L in 30% o f patients and > 2.25 mmol/L in 31% of 

patients.

When completed cases at the initial visit were divided into cohorts based on statin 

medication (see table 3.6.1) no significant differences were noted. However, the mean 

triglyceride concentration was lower at all time points in the cohort taking statin 

medication. This phenomenon has been reported in a number o f other studies (van 

Oostrom et al 2009, Battula et al 2000), some with only a modest effect (Karpe 2002, 

Ceriello et al 2005). Statins decrease LDL-C concentrations (Me Kenney 2001). 

However at initial presentation the completed cases did not demonstrate any 

significant difference in LDL-C concentration. Table 4.3.2 summarises the key 

findings from the postprandial parameter analysis in the case cohorts.
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Table 4.3.2: Sum m ary o f  postprandial changes in the com pleted case cohort

Analysis Study Findings C orroborative studies

LDL-C/HDL-C

Significant decrease in 
concentration post 
physiological meal

Similar findings reported 
(Coutinho et al 2008, Lund 
et al 2008)

NEF A/Insulin

Significant decrease in NEFA 
concentration accompanied by 
over 300% increase in insulin 
concentration

Abihty to inhibit lipolysis 
impaired in type 2 diabetes 
(Groop et al 1989)

Maximum concentration at 
two hours in 37% of 
populadon

Maximum concentration at 
four hours in 51 % of 
population

Maximum concentration at six 
hours in 12% of population 
At six hours 24% of 
population had restored 
concentrations to fasting levels

Triglyceride concentrations 
are higher and remain for 
longer in type 2 diabetes 
(Curtin et al 1996, Madhu 
et al 2009)

Triglycerides

Optimal fasting concentrations 
did not prevent exaggerated 
postprandial response

Similar findings reported 
(lovine et al 2004)

Statin medication

Mean triglyceride 
concentration at all time points 
lower in cases taking statin 
medication

Similar findings reported 
(van Oostrom et al 2009, 
Battula et al 2000)
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4.4 Small dense HDL/LDL- potentially pathogenic smaller 

packages.

Small dense LDL has been linked to increased cardiovascular risk (Austin et al 1988, 

Lamarche et al 2001, Vekic et al 2007). The presence of small dense LDL and HDL 

was assessed using the Quantimetrix Lipoprint™ system. LDL fractions are resolved 

into seven bands with bands 3 - 7  representing small dense LDL (sdLDL). The LDL 

results are divided into two categories: type A (low risk) where no sdLDL is present 

and type non-A (high risk) where sdLDL is present (Hoefner et al 2001).

In the control cohort 30% of controls were designated pattern type non-A (high risk) 

due to the presence of sdLDL. Similar findings were reported by Sjorgen et al (2004). 

Muniz et al (2002) reported in a study of 271 volunteers divided into quartiles of 

triglyceride concentration that 31.9% of all samples with a normal triglyceride <1.7  

mmol/L had elevated sdLDL, mainly LDL fractions 3 and 4. Phenotype B was 

defined as a peak particle size of 258 A or less and was found in 24% of 102 

apparently healthy subjects with a mean LDL size of 265 ± 11 A (Van et al 2007), 

similar to the mean LDL of the control cohort in this study (see table 3.5.1).

Forty one percent of participants in all cases at the initial visit were designated pattern 

type non-A. This compared with 32%> in completed cases at the initial visit and 42% 

at the final visit. Mykkanen et al (1999) reported a significantly higher prevalence of 

LDL phenotype B in the presence of tj^e  2 diabetes. The diagnosis of type 2 diabetes 

may be an independent predictor of LDL B phenotype (Feingold et al 1992).

Although the completed cases at the final visit failed to achieve a significant 

improvement in the levels of sdLDL, closer inspection of mean concentrations 

revealed lower concentrations of LDL fractions 5-7. This was accompanied by a 

higher mean concentration of LDL fraction 3, which may be due to improved 

glycaemic control and improved insulin resistance as reflected by a decrease in 

HOMA-IR from an initial mean of 4.8 to a final mean of 3.7. Rivellese et al (2000) 

demonstrated an improvement in sdLDL in a cohort of patients with type 2 diabetes 

on insulin therapy. This reduction was positively related to the reduction in large
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VLDL particles. Caixas et al (1997) demonstrated an improvement in non A 

phenotype in diabetic patients with improved glycaemic control.

When completed cases were divided into two groups based on statin medication (see 

appendix 5, table A5.7) no significant differences were noted in the LDL subfractions 

at the initial visit. The completed cases on statin medication did not have any 

detectable LDL fraction 6 and 7 which may be reflective o f the lower fasting and 

postprandial triglyceride concentration in this group. Blackburn et al (2003) reported 

strong correlation between TRL-triglyceride and sdLDL. The increased receptor LDL 

activity reported with the use o f statin therapy may also play a role (Krauss 2004). At 

final measurement completed cases had no sdLDL fraction 6 . The use o f statin 

therapy (atorvastatin) in a hypercholesterolaemic population demonstrated a major 

reduction in the presence o f sdLDL. This was accompanied by a reduction in 

triglyceride concentration. Only a weak correlation was noted between the reduction 

in sdLDL and triglyceride (Baldassarre et al 2005).

The presence o f sdLDL correlated with levels o f fasting triglyceride and triglyceride 

AUC in the controls and completed cases. Tsunoda et al (2004) reported strong 

association with postprandial accumulation o f TRL and sdLDL in myocardial 

infarction patients. The completed case cohort initial visit also showed correlation 

with fasting insulin concentrations not seen in the control cohort (see appendix 5, 

table A5.4). Other studies have reported similar correlations in patients with the 

metabolic syndrome (Gentile et al 2008). Table 4.4.1 contains a summary o f key 

findings from the analysis o f LDL subfraction results.

There is a known cardiovascular risk associated with low concentrations o f HDL 

(Assmann et al 1996, Curb et al 2004, Barter et al 2007). The contribution o f small 

dense HDL to increased cardiovascular risk is not as clear cut as that o f sdLDL. In a 

nine year follow up o f the Caerphilly Study with 2225 middle aged men HDL3 was an 

independent predictor o f  coronary heart disease (Yu et al 2003). Harchaoui et al 

(2009) in a nested case-control study found both HDL size and concentration were 

independently associated with coronary artery disease risk. However the association 

between HDL size and risk was abolished after adjustment for apolipoprotein B and 

triglyceride concentration.
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Table 4.4.1: Summary o f the findings o f LDL sub fraction analysis

Analysis Study Findings Corroborative studies

Controls
30% type non A (high 
risk)

Similar findings reported (Sjorgen 
et al 2004, Van et al 2007)

Completed cases initial 
visit

32% type non A (high 
risk)

increase in type non A 
to 42%

Completed cases final 
visit

Lower concentrations 
of subfractions 5-7. 
higher mean 
concentration of 
subfraction 3

Similar findings reported (Caixas et 
al 1997, Rivellese et al 2000)

Statin medication

LDL subfractions 6 
and 7 absent in cases 
taking statin 
medication at initial 
visit.

Statin medication reduced sdLDL 
concentration (Baldessarre et al 
2005)

sdLDL correlated with 
fasting triglyceride and 
triglyceride AUC

Similar finding reported (Tsunoda et 
al 2004)

Correlation

sdLDL correlated with 
insulin concentration 
in the completed case 
cohort at initial visit

Similar findings reported (Gentile et 
al 2008)

The Lipoprint^*^ system divides HDL particles into ten subfractions: HDL fractions 1- 

3 represent large HDL, HDL fractions 4-7 represent intermediate HDL and HDL 

fractions 8-10 represent small dense HDL (Morais & M uniz 2005).

HDL subfraction 10 was absent in 7% of the control cohort, 7% o f completed cases at 

the initial visit, 2% o f completed cases at the final visit and 5% o f all cases at the 

initial visit. The mean concentration o f small dense HDL concentration in the control 

population was 13.5 mg/dl. Garvey et al (2003) using nuclear magnetic resonance 

demonstrated a concentration o f 13.26 mg/dl in fifty six insulin sensitive controls. 

There was no significant difference in concentration when compared to 46 insulin 

resistant non diabetic individuals. The insulin sensitive cohort also had a significantly 

lower small HDL concentration when compared to cohort o f patients with type 2 

diabetes. In this study there were no significant differences between any o f  the cohorts 

when assessed for large, intermediate or small dense HDL. The control cohort had the 

highest mean concentration for large, intermediate and small HDL subfractions (see
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table 3.5.2). On completion of the study the completed cases did not highlight any 

significant differences in HDL subfractions with improved glycaemic control. Garvey 

et al (2006) demonstrated that insulin sensitivity can play a role in lipoprotein particle 

as highlighted by an increase in VLDL particle with increasing insulin resistance this 

was also accompanied by a decrement in HDL size primarily due to a decrease in 

large HDL particles together with a modest increase in small HDL. This may also 

explain the increase in concentration of large HDL subfractions in the control cohort 

in this study.

Although no significant differences in HDL concentration were noted between 

cohorts, there may be functional and constitutional changes present not reflected in 

the concentration values. In the presence of type 2 diabetes it has been noted that 

HDL is less effective in counteracting inhibition of endothelium dependent 

vasorelaxation induced by oxidised LDL. There may be a role for the inflammatory 

protein serum amyloid A which is thought to bind to HDL and may alter function and 

allow retention of HDL in atherosclerotic tissues (Tomkins 2008).

When completed cases were divided into two groups based on the use of statin 

medication (see appendix 3, table A3.2). There were no significant differences in 

initial presentation. There were higher mean concentrations o f 20% of the large HDL 

subfraction and a decrease of 10% in concentrations o f the small dense HDL in the 

cohort taking statin medication. At final presentation the statin medication group 

showed a significant increase in the large HDL subfraction 3 compared to cases not 

taking statin medication which resulted in a 35% difference in concentration of large 

HDL and 20% difference in the concentrations of small dense HDL between the two 

groups. Statin medication is known to have an influence on postprandial triglyceride 

concentrations, possibly by limiting hepatic VLDL production (Kolovou et al 2007) 

and therefore limiting the available substrate for CETP. Barzilai et al (2003) 

suggested that probands and their offspring have higher HDL and LDL size which 

may in part be due to a mutation in CETP associated with decreased activity.

Correlation of large HDL (see appendix 5, table A5.5) as expected demonstrated a 

significant inverse correlation with triglyceride AUC and fasting triglyceride
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concentration. Table 4.4.2 summarises the key findings from the analysis o f the HDL 

subfraction results.

Table 4.4.2: Summary o f the findings o f HDL subfraction analysis

Analysis Study Findings

Controls Subfraction 10 absent in 7% of cohort

Completed cases initial visit Subfraction 10 absent in 7% of cohort

Completed cases final visit No change with improved glycaemic control

Statin medication

Increased concentrations of large HDL 
subfractions and decreases in small HDL 
subfractions in cases taking statin 
medication
Significant increase in HDL subtraction 3 at 
completion of study in cases taking statin 
medication

Correlation
sdHDL correlated with fasting triglyceride 
and triglyceride AUC

4.5 Apolipoprotein B48- contribution of intestinally derived 

lipoproteins to postprandial responses

The principal methods to determine the concentration o f apo B48 are SDS-PAGE, 

immunoblotting and ELISA (Jackson & Williams 2004). In this study apolipoprotein 

B48 concentration was determined by a novel ELISA assay. The coefficient of 

variation (CV) within assay was 4.7%. Kinoshita et al (2005) reported a CV of 4.8% 

and 7.9%. Sakai et al (2003) report a CV o f between 5.5 and 9.1%. Otokozawa et al 

(2009) reported a within batch CV of 0.96%. The between batch CV ranged from 

7.7% to 11.9% when supplied standards were used with a dilution o f 1:100 and 26% 

when pooled plasma were used with a total dilution o f  1:250. This is considerably 

higher than the between batch CV o f 2.17% reported by Otokozawa et al (2009) and 

between 9.8 -  10.7% reported by Sakai et al 2003. The higher CV may be explained 

by the larger dilution o f 1:250 as opposed to 1:100 as suggested by the supplier. This 

was due to the initial concentrations o f samples being above the linearity o f the assay. 

Kinoshita et al (2005) reported between batch CV o f 5.4% and 8.4% when samples 

were diluted 1:100. Sakai reported CVs on samples diluted 1:20 and Otokozawa
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analysed B48 in whole plasma and the TRL fraction after ultracentrifligation. It is not 

clear what these reported CVs are related to. As reported by other studies 

(Otokozawa et al 2009, Sakai et al 2003, Kinoshita et al 2005) no cross reactivity with 

apo BlOO was noted in this study.

The mean fasting concentrations of apo B48 in the control subjects was 7.41 ± 4.07 

|ag/ml (see table 3.7.1) with a range o f < 1 |ag/ml to 19.68 |jg/ml. A similar range of < 

1 |xg/ml to > 24 |ig/ml was reported in 335 normolipidaemic subjects (Sakai et al 

2003). Kinoshita et al (2005) reported a range of 2.69 -  8.12 ^g/ml in 18 healthy male 

control subjects this was considerably narrower than the range reported in this study. 

This is most likely reflective of the smaller number o f patients with a narrower age 

range (34-59 years) and a potentially healthier lifestyle. A wide variety of 

concentrations have been reported for fasting apo B48 (Jackson & Williams 2004). 

Subject related factors such as gender, age, exercise level, adherence to fasting 

protocol and alcohol intake may play a role in this variation (Sakai et al 2003).

The peak median apo B48 concentration occurred at four hours post physiological 

meal. Similar findings were reported in other studies (Sakai et al 2003, Campos et al 

2005). There was a 92% increase in the median apo B48 concentration at 4 hours. 

This was accompanied by a 43% increase in the triglyceride concentration. 

Otokozama et al (2009) reported a 121% increase in median apo B48 concentration 

four hours after a standard breakfast in 12 healthy subjects. This was accompanied by 

a 50% change in triglyceride concentration at same time point. At six hours after the 

physiological meal only six subjects had restored concentrations to fasting levels. 

Saiko et al (2003) reported a restoration to fasting concentrations at six hours post oral 

fat load in normolipidaemic subjects. There is a significant correlation between the 

levels of apo B48 after a meal and progression of coronary artery disease (Karpe et al 

1999). This may reflect a propensity of increased remnant production to play a role in 

pathogenesis of coronary heart disease by their ability to penetrate the arterial 

endothelial directly (Jackson & Williams et al 2004). Groot et al (1991) demonstrated 

abnormal chylomicron remnant kinetics in the presence of coronary artery disease.

All cases at the initial visit had a 34% higher fasting mean concentration than the 

control cohort although this failed to achieve statistical significance. This may
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possibly be reflective of increased microsomal transfer protein (MTP) expression in 

patients with type 2 diabetes (Cianflone et al 2008). Hogue et al (2007) also reported 

higher fasting apo B48 concentration in the presence of type 2 diabetes. The presence 

of type 2 diabetes with multiple linear regression analysis was an independent 

predictor of TRL apo B48 production rates and accounted for nearly 37% of variance. 

Apo B48 concentrations are higher in patients with type 2 diabetes and coronary 

artery disease (Reyes-Soffer et al 2009).

At six hours post physiological meal the mean B48 concentrations were higher in all 

cases at the initial visit and completed cases at initial and final visits, as compared to 

the control cohort. Both chylomicrons and VLDL contribute to the postprandial phase 

(Castro Cabezas et al 1994) and both are competing for clearance by LPL. The 

activity of LPL in type 2 diabetes is frequently low or subnormal (Taskinen 1987). 

This maybe accompanied by increased HL activity which adds to the increased 

production of VLDL (Baynes et al 1991) and contributes to increased competition for 

clearance (Redgrave 2008).

The dose response curves of all the cohorts did not result in a classic bell shaped 

curve (see appendix 2, section A2.15). The controls demonstrated a peaked response 

curve in 50% of subjects as compared with 51% of completed cases at the initial visit 

and 37% of cases at the final visit. There appeared to be an increase in the number of 

completed cases with a delayed clearance response curve (29%) as compared to the 

controls (16%). This did not alter with improved glycaemic control.

The AUC and incremental AUC were calculated for each cohort (see table 3.7.2). As 

expected the controls demonstrated the lowest mean apo B48 AUC but not 

incremental AUC. The completed case cohort at final measurement did not 

demonstrate an improvement in apo B48 AUC or fasting apo B48 concentrations. 

Philips et al (2000) reported significant improvement in postprandial apo B48 

concentrations without improvement in fasting concentrations following improved 

glycaemic control in 13 patients with type 2 diabetes. Interestingly although the apo 

B48 AUC increased at completion of the study protocol in completed cases the mean 

incremental response reflecting the postprandial excursions actually decreased with 

improvement in glycaemic control.
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A number of cases were taking HMG CoA reductase inhibitors during the study. At 

the initial visit completed cases taking statin medication demonstrated lower median 

apo B48 AUC although this failed to achieve significance. At completion of the study 

protocol, completed cases taking statin medication had a significantly lower 

concentration of apo B48 at six hours post physiological meal and lower mean apo 

B48 AUC and incremental AUC. Battula et al (2000) reported significant 

improvement in B48 AUC in eight patients with type 2 diabetes after treatment with 

Cerivastatin. Dane-Stewart et al (2003) reported treatment with atorvastatin in patients 

with established coronary artery disease resulted in significant reduction in apo B48 

AUC but not iAUC, and a 218% increase in LDL receptor binding activity. 

Otokozama et al (2009) reported a decrease of 34.8% in the mean fasting apo B48 

concentration in nine patients with mixed hyperlipidaemia treated with atorvastatin.

There was a strong correlation with fasting apo B48 AUC and fasting apo B48 across 

all cohorts, which has been reported in other studies (Smith et al 2003, Dane-Stewart 

et al 2003). Triglyceride AUC and fasting triglyceride also demonstrated a strong 

correlation with apo B48 AUC and a negative correlation with HDL-C were noted. 

Table 4.5.1 summarises the key findings of the apo B48 analysis from all cohorts.
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Table 4.5.1: Sum m ary o f  the findings o f  apo B48 analysis

Analysis Study Findings C orroborative studies

Mean fasting concentration 7.41 ± 
4.07 |ig/ml.

Similar findings reported 
< 1 p-g/ml to > 19.68 
|ig/ml (Sakai et al 2003) 
2 .6 9 -6 .5 6  ng/ml 
(Knoshita et al 2005)

Peak median concentration four 
hours post physiological meal.

Similar findings reported 
(Sakai et al 2003, Campos 
et al 2005)

92% increase in median 
concentration at four hours 
accompanied by 43% increase in 
triglyceride concentration.

Similar findings reported 
(Otokozama et al 2009)

10% of cohort had restored 
concentradons to fasting levels at 
six hours.

Controls
Lowest mean AUC and iAUC 
across cohorts.
Higher mean fasting 
concentrations as compared to 
controls.

Similar findings reported 
(Hogue et al 2007)

Completed cases initial 
visit

Higher mean concentrations at six 
hours compared to controls.

No significant improvement in 
fasting concentrations or AUC 
with improved glycaemic control.

Completed cases final 
visit

Mean iAUC decreased with 
improved glycaemic control.

Significant improvement 
in postprandial apo B48 
concentrations with 
improved glycaemic 
control reported (Philips et 
al 2000)

Stadn medication

Significantly lower concentration 
at six hours in final measurement 
o f cases taking statin medication.

Similar findings reported 
(Battuala et al 2000, 
Dane-Stewart et al 2003)

Apo B48 AUC and fasting apo 
848 concentrations correlated.

Similar findings reported 
(Smith et al 1999, Dane- 
Stewart et al 2003)

Correlation

Apo B48 AUC correlated with 
fasting triglyceride and 
triglyceride AUC.
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4.6 Triglyceride area under the curve (AUC)

Abnormalities in the magnitude o f the postprandial response are thought to have an 

increasing impact on the development of cardiovascular disease (Zilversmit 1979). 

The postprandial triglyceride response of each subject was assessed by the AUC and 

iAUC calculated using the trapezoidal method (see appendix 1, A 1.16).

The dose response curve o f the cohorts were analysed (see appendix 2, section 

A2.14). The control cohort demonstrated that the majority of patients had a peaked 

response curve as opposed to a classic bell shaped curve (Lairon et al 2007). This 

pattern was also repeated in the completed cases at the initial visit, and the increased 

number of patients at final measurement.

The control cohort had a significantly lower triglyceride AUC when compared to all 

cases at the inifial visit (see table 3.9.1). Similar findings have been reported by 

Madhu et al (2005). Twenty male patients with type 2 diabetes had higher triglyceride 

AUC and iAUC when compared to twenty age and sex matched controls. In this study 

the control cohort had a lower triglyceride iAUC than all cases but this failed to reach 

significance.

The AUC and iAUC concentrations were higher in completed cases at the initial and 

final visits than the control cohort although this failed to achieve significance. The 

control cohort had a 33% lower triglyceride AUC and an 8% lower iAUC as 

compared to completed cases at the initial visit and 16% lower AUC and 5% lower 

iAUC when compared to completed cases at the final visit. The raised postprandial 

response in type 2 diabetes has been well documented (Syvanne et al 1994, Rivellese 

et al 2004, Erikson et al 2003) even when compared to patients with IGT or IFG 

(Madhu et al 2008).

When statin medication is taken into consideration, there was a lower mean 

triglyceride AUC concentration in completed cases at the initial visit and at the final 

visit taking statin medication as compared to cases not taking statin medication. This 

was accompanied by lower iAUC concentrations at initial and final visits. This effect
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of statin medication on postprandial triglyceride concentration has been demonstrated 

previously (Battula et al 2000, Ceriello et al 2004, Karpe 2002, van Oostrom et al 

2009).

Triglyceride AUC demonstrated a strong positive correlation with fasting triglyceride 

across all cohorts and an inverse negative correlation with fasting HDL-C. These 

findings are supported by other studies in subjects with type 2 diabetes (Madhu et al 

2009, Nimitphong et al 2008, Alssema et al 2008) and without type 2 diabetes (Hwu 

et al 2008, Lewis et al 1990). BMI also demonstrated a positive correlation with 

triglyceride AUC particularly in the completed case cohort. Madhu et al (2005) 

demonstrated strong positive correlation with BMI and postprandial triglyceride 

concentrations in the presence o f type 2 diabetes. The iAUC had a strong positive 

correlation with triglyceride concentration at 4 hours. Carstensen et al (2003) 

demonstrated a correlation between iAUC and postprandial rise in triglyceride 

concentrations both in healthy controls and patients with type 2 diabetes. Table 4.6.1 

summarises the key findings o f the triglyceride AUC and iAUC analysis.
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Table 4.6.1: Sum m ary o f  the findings o f  triglyceride A U C  and iAUC analysis

Analysis Study Findings C orroborative studies

Significantly lower AUC 
compared to all cases at 
initial visit.

Controls

Lower mean iAUC 
compared to all cases at 
initial visit.

Similar findings reported 
(Madhu et al 2005)

Completed cases initial visit

33% higher mean AUC and 
8% higher iAUC compared 
to controls.

Raised postprandial 
triglyceride response 
reported in the presence of

Completed cases final visit

16% higher mean AUC and 
5% higher mean iAUC 
compared to controls.

type 2 diabetes (Syvanne 
et al 1997, Rivellese et al 
2004, Schindelm et al 
2007, Erickson et al 2003)

Lower mean AUC in cases 
taking statin medication at 
initial and final 
measurements.

Statin medication 
decreases postprandial 
triglyceride response

Statin medication

Lower mean iAUC in cases 
taking statin medication at 
initial and final 
measurements.

(Battula et al 2000, 
Ceriello et al 2002, Karpe 
2002, van Oostrom et al 
2009)

Triglyceride AUC 
demonstrated a strong 
positive correlation with 
fasting triglycerides and 
inverse negative correlation 
with fasting HDL-C in all 
cohorts.

Similar findings reported 
(Madhu et al 2009, 
Nimitphong et al 2008, 
Alssema et al 2008, Hwu 
et al 2008, Lewis et al 
1990)

Triglyceride AUC 
demonstrated a positive 
correlation with BMI in 
completed cases.

Similar findings reported 
(Madhu et al 2005)

Correlation

Triglyceride iAUC 
demonstrated positive 
correlation with triglyceride 
concentration at four hours.

Similar findings reported 
(Carstensen et al 2003)
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4.7 Ideal AUC- postulated tool for standardising postprandial 

response

In this study we introduced the concept of an ideal AUC, as a possible mechanism 

towards the standardisation of assessment of the postprandial response. The IDF 

(2005) defines an optimal fasting concentration of triglyceride as < 1.7 mmol/L. If 

this is expanded to include all time points measured within the study an AUC of 10.2 

mmol/Hr/L‘‘ can be calculated. The control cohort was divided into two groups based 

on the achievement of an ideal AUC (table 3.9.4.1).

The ideal AUC cohort had a significantly lower BMI, weight, HbAlc, HOMA-IR, 

triglyceride AUC, triglyceride iAUC, fasting triglyceride concentration, apo B48 

AUC, insulin AUC, fasting CRPhs concentration , fasting LDL-C concentration and 

higher fasting HDL-C concentration, apo AI concentration, large HDL subfraction 

and intennediate HDL subfraction. There is no doubt the cohort of controls who 

achieved an ideal AUC demonstrated improved cardiovascular risk as opposed to the 

controls who did not achieve an ideal AUC. The concept of an ideal AUC may seem a 

blunt instrument to apply to a cohort of subjects with a fasting triglyceride 

concentration range of 0.34 - 3.36 mmol/L and a triglyceride AUC range of 2.53 -  

36.28 mmol/Hr/L''. The contribution of raised fasting triglyceride concentration 

(Hokansen & Austin 1996, Austin et al 1998, Assmann et al 1998, Jeppesen et al 

1998, Haim et al 1999) and abnormal or raised postprandial response (Groot et al 

1991, Patsch et al 1992, Stampfer et al 1996, Ntyintyane et al 2008, Bansal et al 2007) 

to coronary artery disease has been well established. The ideal AUC may be more 

useful to distinguish patients who present with an optimal fasfing triglyceride 

concentration of < 1.7 mmol/L, but may have unexpected cardiovascular risk.

When the control cohort was assessed on the basis of an optimal fasting triglyceride 

concentration and achievement of an ideal AUC, twenty four patients of a possible 

forty three achieved an ideal AUC (see appendix 3, table A3.3). This cohort 

demonstrated significantly improved HbAlc, fasting plasma glucose, insulin AUC, 

HOMA-IR, triglyceride AUC and apo B48 AUC. Hwu et al (2008) reported similar
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findings of increased insulin resistance in women with rising postprandial triglyceride 

concentrations. Single measurements of fasting triglyceride concentrations may not 

reveal fat intolerance linked to coronary artery disease that measurement of 

postprandial time points might (Karpe 1999).

The completed cases at the initial visit were also divided into two groups based on the 

achievement of an ideal AUC (table 3.9.4.2). The significant differences were very 

similar to the control cohort. When the control ideal AUC group was compared to the 

completed cases ideal AUC group significant differences were noted in glycaemic 

control. There was also a significantly lower triglyceride AUC and fasting NEFA 

concentration in the control cohort. Annuzzi et al (2004) reported a higher 

postprandial triglyceride response in patients with type 2 diabetes as opposed to 

control subjects when both populations had fasting triglyceride concentrations of <1.7 

mmol/L. This increased response attributed to the increased insulin resistance in the 

presence of type 2 diabetes. Interestingly van Wilk et al (2003) demonstrated that 

when patients with and without type 2 diabetes are matched for gender, BMI and age 

the postprandial triglyceride response is not significantly higher in the diabetic 

population. Also decreasing fasting triglyceride concentrations below 1.6 mmol/L 

could lead to a normalisation o f postprandial lipaemia in obese subjects with and 

without diabetes. Table 4.7.1 summarises the key findings from the analysis of the 

ideal AUC results.
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Table 4.7.1: Sum m ary o f  the findings o f  ideal AUC analysis

Analysis Study Findings C orroborative studies
Controls

Ideal AUC cohort had 
significantly lower BMI, weight, 
HbAlc, HOMA-IR, triglyceride 
AUC, triglyceride iAUC, fasting 
triglyceride, apo B48 AUC, 
Insulin AUC, CRPhs and LDL- 
C.

Raised fasting triglyceride 
and abnormal 
postprandial triglyceride

Ideal AUC

Ideal AUC cohort had 
significantly higher HDL-C, apo 
AI, large and intermediate HDL 
subtractions.

responses contribute to 
CVD (Hokansen & 
Austin 1996, Austin et al 
1998, Patsch et al 1992)

24 o f 43 controls presenting with 
optimal fasting triglycerides 
achieved an ideal AUC.

Optimal fasting 
triglyceride

Ideal AUC cohort had 
significantly lower HbAlc, 
fasting plasma glucose, insulin 
AUC, HOMA-IR, triglyceride 
AUC and apo B48 AUC.

Cases

Ideal AUC

Ideal AUC cohort had 
significantly lower BMI, weight, 
HOMA-IR, insulin AUC, 
triglyceride AUC, triglyceride 
iAUC, fasting triglyceride and 
apo B48 AUC.

Controls versus Cases

Ideal AUC cohort of controls had 
significantly lower HOMA-IR, 
HbAlc, insulin AUC, fasting 
glucose, fasting NEFA and 
triglyceride AUC.

Similar findings reported 
(Annuzzi et al 2004)
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4.8 Impact of diabetes on postprandial phase.

A comparison of control and completed case cohorts before and after glycaemic 

control was performed to assess the impact of overt diabetes on the postprandial 

phenomenon. The control cohorts were significantly younger, weighed less and were 

less insulin resistant than their diabetic counterparts (see table 3.1.3.1).

Hyperglycaemia is the diagnostic feature of diabetes (Bianchi et al 2008) with the 

accompanying hyperinsulinaemia frequently used as a marker of insulin resistance 

(Pyorala 1979, Kim et al 2008). These abnormalities of type 2 diabetes can be clearly 

identified in this study. As expected the glucose concentrations in the control cohort at 

all time points measured were significantly lower than all case cohorts. Improvement 

in glycaemic control of cases at completion of the study protocol still highlighted a 

significant difference between the cohorts (see table 3.10.1). This higher glucose 

concentration was accompanied by a significantly raised insulin concentration pre and 

post the physiological meal. Weyer et al (1999), in a group of 17 Pima Indians who 

progressed from normal to impaired glucose tolerance to overt type 2 diabetes over a 

period of follow up, highlighted there were increases in weight, decreases in insulin 

stimulated glucose disposal and a decline in insulin secretary response when moving 

between normal and impaired glucose tolerance and impaired glucose tolerance to 

overt diabetes. However, the major difference was the increase in endogenous glucose 

output when moving from impaired glucose tolerance to type 2 diabetes, not present 

in the transition from normal to impaired glucose tolerance.

The lipid pattern in the presence of type 2 diabetes has been termed diabetic 

dyslipidaemia, which highlights a series of abnormalities such as reduced HDL-C, 

raised triglycerides, presence o f small dense LDL and excessive postprandial lipaemia 

(Taskinen 2003). The control cohort had significantly lower fasting and post 

physiological meal triglyceride concentrations and significantly higher HDL-C and 

apo Al concentrations compared to all cases at the initial visit. When completed cases 

at initial and final visits were used for comparison, controls had lower mean 

triglyceride concentrations across all time points measured, and higher mean HDL-C 

concentrations. The only significant difference noted was the triglyceride
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concentration at six hours post physiological meal indicating delayed clearance of 

triglyceride rich particles. This did not abate with improved glucose control. An 

important consequence o f delayed clearance is plasma retention o f  plasma VLDL and 

chylomicrons as partially catabolised remnant particles (Krauss 2004). Mero et al 

(2000) demonstrated delayed clearance o f apo B48 and apo BlOO particles in the 

presence o f type 2 diabetes and suggested that small changes in the postprandial 

remnant particles may contribute to coronary artery disease present in type 2 diabetes.

To determine if  the raised triglyceride response was o f endogenous or exogenous 

origin, apo B48 concentration was determined at each time point measured. There 

were no significant differences between the control and case cohorts, although the 

controls had lower mean concentrations at all time points measured (Leonard et al 

2009) indicating that there may be a significant role for VLDL. This is supported by 

the significantly higher NEFA concentrations in the case cohorts, which will result in 

an increase in flux o f free fatty acids to the liver and a possible increase in production 

o f VLDL particles (Gibbons 2000). Elevated free fatty acids resulted in the term 

lipotoxicity being coined (Bays et al 2004, Unger 2000) which results in increased 

gluconeogenesis and subsequent hepatic and muscle insulin resistance.

Cholesterol concentration in the presence o f type 2 diabetes is not expected to differ 

from non diabetic counterparts (Kannel 1985, UKPDS 1997). However the ADA 

(2008) recommended that all patients with type 2 diabetes are introduced to statin 

medication regardless o f baseline lipids. The concentration o f cholesterol and LDL-C 

was significantly lower in the case cohorts as compared to the control cohort most 

likely reflective o f  the fact that more than half the case cohort was taking statin 

medication and will go toward reducing the cardiovascular risk in the case cohort.

The inflammatory response as assessed by CRPhs was significantly raised in the cases 

as compared to controls. Yuan et al (2006) reported similar findings in patients with 

type 2 diabetes. CRPhs is an independent risk factor for coronary heart disease death 

in type 2 diabetes (Soinio et al 2006).

Although the control cohort is not without cardiovascular risk there is no doubt that 

the risk in the presence o f type 2 diabetes is significantly greater. The presence o f type
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2 diabetes is one o f  the m ajor contributors to postprandial lipaemia. Table 4.8.1 

sum m arises the key findings from  analysis o f  com parison o f  control and case cohorts.

Table 4.8.1: Sum m ary o f  the findings o f  com parison o f  the controls and case cohort 

results

Analysis________________________________ Study Findings

Significantly lower age, weight and
HOMA-IR compared to all case cohorts
Significantly lower glucose and insulin
at all time points compared to all case
cohorts
Significantly lower triglyceride at all
time points compared to all cases at
initial visit
Significantly lower six hour triglyceride
concentration compared to completed
cases at the initial and the final visit
Lower mean apo B48 concentrations at
all time points measured compared to
case cohorts
Significantly lower fasting NEF.A
concentrations compared to all the case
cohorts
Significantly raised cholesterol and
LDL-C concentrations compared to all
case cohorts

Controls Significantly lower CRPhs
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4.9 Possible factors contributing to postprandial disturbances 

4.9.1 Gender

Gender is thought to play a significant role in the development o f coronary artery 

disease. The male to female ratio in coronary heart disease is 2:1 even when risks 

such as smoking, hypertension, diabetes, and hyperlipidaemia are controlled for by 

gender (Kalin et al 1990). In order to determine the perceived cardiovascular risk 

associated with gender and the influence of type 2 diabetes, we divided our control 

and case cohort into two groups.

There were forty women and twenty men in the control cohort. No significant 

differences were noted in the age profile of the two groups (see table 3.11.1.1). The 

male cohort was significantly heavier than the female cohort. However, the BMI did 

not differ significantly between the groups possibly due to the increased height in the 

male population.

Women are known to have a more favourable fasting lipid profile than their male 

counterparts (Godsland et al 1997, The Expert Panel 2001). The fasting triglyceride 

was significantly lower and the fasting HDL-C concentration was significantly higher 

in the female control population. This was accompanied by significantly higher 

concentrations of the more atheroprotective large and intermediate HDL subfractions. 

Fasting HDL-C concentration is higher in women than men throughout the varying 

age ranges (Kolovou & Bilianou 2008, Roeters van Leenep et al 2002). Women are 

protected against coronary artery disease compared to men, in part due to the 

protective effects of oestrogen (Sakuma & Kitabatake 2004). Oestrogen increases the 

hepatic expression of the LDL receptor (Parini et al 1997) and decreases abdominal 

LPL activity (Kolovou & Bilianou 2008). Although the female control cohort in this 

study is an ageing cohort with an age range of 35 to 63 years and undoubtedly some 

members are already menopausal, there is still a more favourable lipid profile in this 

cohort compared to their male counterparts. Ovarian function begins to decline before 

the menopause and continues to decline after the menopause. The moment of
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menopause is not associated with an abrupt increase in cardiovascular risk but should 

be considered the initiation of a period of increased risk (Stampfer et al 1990).

The female cohort appeared to have a more favourable lipid profile which was 

accompanied by a significantly lower HOMA-IR. Vistisen et al (2008) noted that 

obese females were more insulin sensitive than obese males. However the mean age 

range of participants in the study was 42 years and no females were menopausal. The 

age related increase in overweight and obesity is more frequent in men than women. 

There is an increase in LPL activity with the withdrawal of oestrogens that leads to 

elevation o f free fatty acids and accumulation of abdominal fat, both contribudng to 

insulin resistance (Kolovou & Bilianou 2008).

The triglyceride AUC and iAUC were significantly lower in female controls. This is 

supported by a number o f other studies (Sharrett et al 2001, Castro Cabezes et al 

2001). Kolovou et al (2006) demonstrated a more pronounced triglyceride 

postprandial response and delayed clearance in men with the metabolic syndrome as 

opposed to women most. The enzyme LPL primarily regulates the hydrolysis of 

triglyceride and regulation of this enzyme differs between genders which may explain 

the gender related differences in postprandial responses in both studies. The site of 

postprandial clearance i.e. abdominal subcutaneous adipose tissue or skeletal tissue 

may also play a role. The female cohort also had significantly lower apo B48 AUC 

and lower mean apo 848 iAUC. Similar findings were also reported by Knuth et al 

(2006) in a small study of non obese subjects proposed that the elevated postprandial 

lipaemia in men compared with women was due to the prolonged availability o f the 

ingested lipid in chylomicron fraction. The significantly lower postprandial apo B48 

concentrations demonstrated in this study maybe indicative of a more rapid clearance 

of apo B48 in the female as opposed to the male controls, if  so this may explain the 

significantly lower triglyceride AUC and iAUC in the female cohort.

When the completed cases at the initial visit were divided into female and male 

cohorts, the protection of the female phenotype appeared to be lost (Ismail & Gill 

1999). Similar to the control cohort the female and male cases did not differ in their 

age or BML The fasting triglyceride and triglyceride AUC and iAUC, apo B48 AUC 

were lower in the female cohort although this failed to achieve significance. The 

fasting HDL-C concentration remained significantly higher in the female cohort.
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Although overt diabetes has played a part in diminishing the expected gender 

differences between males and females, it still did not eliminate completely the 

protective role o f  the female phenotype which may in part be ascribed to the age range 

o f the female case cohort.

The cardiovascular risk is greater in diabetic women than men (Howard et al 1998, 

Juutilainen et al 2004) which may in part be due to the change in lipid parameters 

from the non-diabetic state to the dyslipidaemia that occurs in type 2 diabetes (Knopp 

2000). When female and male cases were compared to their control counterparts there 

were significant differences noted in HOMA-IR, NEFA, H bA lc, insulin AUC, BMI 

and age. Female controls also had significantly higher HDL-C and total cholesterol 

concentrations and lower CRPhs and glucose concentrations indicating a greater 

cardiovascular risk in their diabetic counterparts. Table 4.9.1 summarises the key 

findings o f analysis o f cohorts as assessed by gender.
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Table 4.9.1: Sum m ary o f  the findings o f  com parison o f  the cohorts based on gender

Analysis Study Findings Corroborative studies
Controls

No significant difference in age 
or BMl between groups.
Significantly lower fasting 
triglyceride, higher HDL-C, 
intermediate and large HDL 
subfractions.

Similar findings reported ( 
Kolovou & Bilianou 2008, 
Roeters van Leenep et al 
2002)

Significantly lower HOMA-IR.
Similar findings reported 
(Vistisen et al 2008)

Significantly lower triglyceride 
AUC and iAUC.

Similar findings reported 
(Sharrett et al 2001, Castro- 
Cabezes et al 2001)

Female
Significantly lower apo B48 
AUC and iAUC.

Cases

No significant difference in age 
or BMI between groups

Significantly raised HDL-C

Female

Lower fasting triglyceride, 
triglyceride AUC, triglyceride 
iAUC and apo B48 AUC

Cases versus controls

Female

Control cohort: significantly 
lower HOMA-IR, NEFA, 
HbAlc, insulin AUC, BMI, 
CRPhs, glucose and age.

Control cohort: Significantly 
higher HDL-C and cholesterol.
Control cohort: significantly
lower HOMA-IR, NEFA,
HbAlc, insulin AUC, BMI and

Male age.
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4.9 .2  BMI

Surprisingly in Ireland the level of obesity is higher in men than women. A dramatic 

increase occurred in men from 8% in 1990 to the 20% reported between 1997-1999 in 

the North/South Ireland Food Consumption Survey. This compared to an increase of 

13% to 16% in women (Me Carthy et al 2002).

The control cohort was divided into tertiles based on BMI (WHO 1999) (see table 

3.11.2.1). Not surprisingly the insulin resistance increased with increasing BMI as 

reflected by HbAlc, insulin AUC and fasting glucose concentrations. Obesity is 

frequently associated with several components of the insulin resistant syndrome, and 

insulin resistance is very common in obese people (Ruderman et al 1998). Mamo et al 

(2001) demonstrated fourfold higher fasting insulin concentrations in obese subjects. 

The Quebec Cardiovascular Study showed similar significant differences in fasting 

insulin concentration with rising BMI (Bataille et al 2006) but concluded that the risk 

of ischaemic heart disease increased with increasing BMI only if components of the 

insulin resistance syndrome were present.

De Ferraniti et al (2008) defined the root cause of obesity as energy imbalance. The 

adipokines produced by adipocytes such as leptin, adiponectin, resistin and ghrelin 

affect energy use and production. Changes in these adipokines result in increased 

concentrations o f TNFa which results in increases in lipolysis and decreases in LPL 

activity (Tilg et al 2006). These changes are reflected in the significant increase in 

fasting NEFA concentration with increasing BMI in the control cohort. This 

subsequent increase may explain the associated rising insulin concentrations and 

decreased glycaemic control with rising BMI in the control cohort. This may be as a 

result of a possible build up of free fatty acids resulting in a decreased number of 

insulin receptors followed by the expected increased insulin secretion (Schaeffer 

2003).

There were significant increases in fasting CRPhs concentrations with rising BMI in 

the control cohort, with the obese tertile group having a mean concentration almost 

six times that of the normal BMI tertile. Excess adipocytes are associated with
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increased IL-6 secretion and subsequent CRP production (Park et al 2005). St-Pierre 

et al (2005) also reported significantly increased CRP concentrations with increased 

BMI.

There were pronounced increases in triglyceride AUC as the BMI increased although 

this failed to achieve significance. Obese individuals are known to have a more 

pronounced postprandial response (Lewis et al 1990, Couillard et al 1998, 2002, 

Mekki et al 1999, James et al 2003, Mamo et al 2001), but it is thought that visceral 

obesity and not solely BMI influences these findings. The assesment of abdominal 

girth or waist/hip ratio in this study would have been a useful addition to determine 

the presence on abdominal obesity. Blackburn et al (2003) described the 

“hypertriglyeridaemic waist” where the presence of abdominal obesity is associated 

with hyperlipidaemia postprandially and high fasting triglycerides. Whether the 

increase in triglyceride postprandial metabolism is caused by exogenous lipids or 

endogenous lipids has not been determined, but in this study the rise in triglyceride 

AUC was accompanied by a rise in apo B48 AUC and iAUC although this failed to 

achieve significance. Chan et al (2002) demonstrated significantly increased 

concentrations of fasting apo B48 and RLP-C concentrations in viscerally obese men. 

Van Hees et al (2008) demonstrated that postprandial RLP-C was associated with 

adverse waist-hip ratio and HOMA-IR. Couillard et al (2002) demonstrated that 

visceral abdominal fat was significantly associated with high postprandial TRL B48 

and BIOO. BlOO was the biggest contributor to postprandial triacylglycerol in total 

TRLs.

The increase in triglycerides in this study was accompanied by a significant decrease 

in fasting HDL-C concentration. Similar findings have been reported (St-Pierre et al 

2005). Surprisingly the increase in the postprandial excursions did not result in an 

increase in small dense LDL and small HDL, but highlighted a decrease in the more 

atheroprotective large and intermediate HDL subclasses. Increases in small dense 

LDL have been reported with rising BMI (St-Pierre et al 2005).

The completed case cohorts were also divided into tertiles of BMI. Unfortunately in 

the cohort only two participants presented with a BMI of < 25 kg/m^. The ADA
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(2008) has recommended that patients with type 2 diabetes should aim for a BMI o f < 

25 kg/m^.

The complications o f  type 2 diabetes were undoubtedly aggravated by a rising BMI, 

highlighted by a significant increase in insulin AUC and a rise in HOMA-IR (see 

table 3.11.2.2) which aggravate an already tenuous situation. The increase in insulin 

AUC was considerably higher in the case cohort as opposed to the control cohort. 

This was reflective o f the presence o f underlying disease. The triglyceride AUC 

increased with increasing BMI in the completed case cohort. Carpentier (2008) 

suggested an increased supply o f free fatty acids attributed in part to increase in 

weight contributes to the overproduction o f VLDL in type 2 diabetes. Interestingly in 

this cohort there was only a small change in fasting concentration o f NEFA 

concentration as the BMI moved from the overweight group to the obese group. 

Annuzzi et al (2008) reported a lower LPL activity in obese subjects with type 2 

diabetes as opposed to obese subjects in the absence o f type 2 diabetes. This decrease 

was accompanied by a higher postprandial increase in large VLDL particles in obese 

subjects in the presence and absence o f type 2 diabetes compared to normal weight 

controls. It was noted in this study that there was also a rise in apo B48 AUC and 

iAUC with increases in BMI in the case cohort.

The sdLDL rose with increasing BMI in the case cohort, which may underpin the 

increased cardiovascular risk in type 2 diabetes. This was accompanied by a 

significant increase in fasting CRPhs concentration.

These changes with BMI underline the risk associated with rising BMI in a 

nondiabetic population. Overweight or obesity has been identified as the single most 

important determinant for the development o f type 2 diabetes in women (Hu et al 

2001). However a caution should be noted that the increase in insulin resistance that 

accompanies the rise in BMI may be the factor rather than the BMI alone. The 

increase in BMI in an overt diabetic population with established insulin resistance will 

attenuate the situation even ftirther. Table 4.9.2 summarises the key findings o f the 

analysis o f the impact o f BMI on parameter response across the cohorts.
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Table 4.9.2: Sum m ary o f  the findings o f  com parison o f  the cohorts based on BM I

Analysis Study Findings C orroborative studies
Increasing BMI

Significant increase in HbA lc, insulin 
AUC and glucose.

Similar findings reported 
(St-Pierre et al 2005, 
Mamo et al 2001)

Significant increase in CRPhs.
Similar findings reported 
(St-Pierre et al 2005)

Increase in mean triglyceride AUC.

Similar findings reported 
(Lewis et al 1990, 
Couillard et al 1998)

Increase in mean apo B48 AUC and 
iAUC.

Significant decrease in HDL-C.
Similar findings reported 
St-Pierre et al 2005

No increase in sdLDL or HDL.

Controls
Decrease in large and intermediate 
HDL subfractions.
Significant increase in insulin AUC, 
CRPhs and HOMA-IR.

Increase in mean triglyceride AUC, 
apo B48 AUC and iAUC.

Cases Increase in sdLDL concentration
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4.9.3 HOMA-IR

Insulin resistance is the relative impairment o f insulin mediated uptake o f glucose by 

tissues (Whitelaw et al 1998). It is present in approximately 25% o f non obese 

individuals with normal glucose tolerance (Reaven 1988) but with alterations in 

insulin sensitivity and quantitatively varying beta cell function (Kahn et al 1993).

Insulin resistance was calculated using the HOMA-IR model as devised by Mathews 

et al (1985). The control cohort was divided into three HOMA-IR groups (see table 

3.11.3.1). Only 4 members o f the control cohort had HOMA-IR values > 4, indicating 

that the control cohort overall were not a primarily insulin resistant cohort.

As the HOMA-IR increased the BMI also increased. Significant differences were 

noted between the first and second tertile with the highest BMI found in the group 

with the highest HOMA-IR. It is thought that obesity has a strong role in insulin 

resistance, particularly abdominal obesity (Carey et al 1996). Adipose tissue flow may 

also be another factor to consider (Karpe et al 2002). However a note o f caution 

should be applied. In this study members o f the control group with the highest BMI 

did not persistently have the highest insulin resistance and the four controls that had 

the highest insulin resistance did not represent the controls with the highest BMI. 

Abbasi et al (2002) studied a group o f 314 nondiabetic, normotensive healthy 

volunteers, and noted that the greater the BMI the greater the insulin resistance. 

However not all obese individuals were insulin resistant. In fact only 25% of the 

population studied in the upper tertile o f insulin resistance had a BMI > 3 0  kg/m .

There was an expected significant increase in insulin AUC as the insulin resistance 

increased across the tertiles in the control cohort, which was reflected by a decrease in 

glycaemic control. This was accompanied by a significant increase in triglyceride 

AUC and iAUC. A number o f studies have shown a strong correlation between 

postprandial triglyceride response to a fat meal and insulin (Jeppesen et al 1995, 

Boquist et al 2000) and an increase in postprandial triglyceride response in insulin 

resistant states (Harbis et al 2001, Meyer et al 1996). Insulin plays a significant role in 

regulation o f VLDL production. Insulin resistant states demonstrate impaired NEFA
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metabolism and increased hepatic secretion of VLDL particles (Taskinen 2002). The 

control cohort did demonstrate a rise in mean fasting NEFA concentrations with 

increasing HOMA-IR which may contribute to the subsequent increase in fasting 

triglyceride concentration also observed.

There was an increase in the apo B48 AUC and iAUC with increasing HOMA-IR 

although this failed to achieve significance. The mean apo B48 AUC increased by 

over 20% from tertile 1 to tertile 2 (table 3.11.3.1). However there was not an increase 

in the tertile with the highest insulin resistance. Insulin normally inhibits MTP in the 

liver (Lin et al 1995). In the animal model of insulin resistance increased MTP was 

associated with increased chylomicron number (Philips et al 2002). Guerci et al 

(2000) demonstrated that it was not the chylomicron triglyceride concentration that 

differed in obese insulin resistant individuals but the non-chylomicron triglyceride 

concentration. This is supported by another study which demonstrated that 

hyperinsulinaemia may be involved at the time of fat assimilation but insulin 

resistance may be involved in hepatic triglyceride rich metabolism (Harbis et al 2001).

Other features of the insulin resistance syndrome as described by Reaven (1988) are 

present with increasing insulin resistance in the control cohort. There was a significant 

decrease in HDL-C concentration which was highlighted by a significant decrease in 

large, intermediate and surprisingly small HDL subfractions. There was also a rise in 

the percentage of sdLDL across the cohorts. Increasing HOMA-IR resulted in 

increases in CRPhs concentrations although this failed to achieve significance. The 

overall changes with increasing HOMA-IR suggest increasing cardiovascular risk 

within the control cohort. The San Antonio Heart Study demonstrated a significant 

association between HOMA-IR and the risk of cardiovascular disease over an eight 

year follow up in subjects fi'ee of diabetes (Hanley et al 2002).

Insulin resistance may in fact be related to dietary fat metabolism. Pedrini et al (2006) 

postulated that the insulin resistance syndrome may in fact be a postprandial 

phenomenon. Lopez et al (2008) demonstrated that high fat meals increased the 

postprandial concentrations of insulin, triglyceride, free fatty acids and enhanced beta 

cell function, all contributing to a decrease in insulin sensitivity. Greenfield et al 

(2007) demonstrated that meal content and insulin sensitivity determine postprandial
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insulin responses and the insulin response was lower in low carbohydrate high fat 

meals as opposed to high carbohydrate meal high fat meals.

The completed cases at the initial visit were also divided into the same three tertiles of 

insulin resistance as the control cohort (see table 3.11.3.2). Not surprisingly only 7% 

of the cases had a HOMA-IR o f < 1. Similar to the control cohort the increasing 

HOMA-IR was accompanied by a significant increase in BMI, from tertile 2 to tertile 

3. The insulin AUC also increased significantly with increasing insulin resistance 

possibly more dramatically than in the control cohort. This was also accompanied by 

a decrease in glycaemic control.

The diabetic dyslipidaemia present in type 2 diabetes (Taskinen 2003) is closely 

related to insulin and insulin resistance (Haffner et al 1990). In this study the diabetic 

dyslipidaemia present in type 2 diabetes appears to be compounded with increasing 

insulin resistance. There is decreasing concentrations o f HDL-C and a significant 

decrease in the apo Al concentrations. This may possibly be due to increased 

exchange with triglyceride with increased levels o f TRL available. This triglyceride 

rich HDL will probably undergo further hydrolysis by HL, ultimately leading to 

dissociation o f apo Al. There was an increase in percentage sdLDL with increasing 

insulin resistance which was accompanied by an increase in CRPhs.

The mean triglyceride AUC increased by almost 29% from tertile 2 to 3 with an 

increase in mean concentration from 13.85 to 17.97 mmol/Hr/L '. Annuzzi et al 

(2004) demonstrated that insulin resistance in type 2 diabetes was associated with 

postprandial lipid abnormalities even after acute correction for hyperglycaemia and 

hyperinsulinaemia. There is a known increase in postprandial response in the presence 

o f type 2 diabetes (Madhu et al 2005, Coutinho et al 2008) and the insulin response to 

a meal may be a possible contributor to this (Annuzzi et al 2004). Table 4.9.3 

summarises the key findings o f analysis o f comparison o f cohorts based on HOMA- 

IR.

Insulin resistance appears to increase cardiovascular risk in a non-diabetic population 

and attenuate the risk in an overt diabetic population.
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Table 4.9.3: Sum m ary o f  the findings o f  com parison o f  the cohorts based on HOM A-

IR

Analysis Study Findings C orroborative studies
Increasing HOM A-IR

Significant increase in BMI and 
insulin AUC.

Similar findings reported 
(Abbassi et al 2002

Significant increase in triglyceride 
AUC and iAUC.

Similar findings reported 
(Harbis et al 2001)

Significant decrease in HDL-C.
Increase in mean apo B48 AUC 
and iAUC.

Controls
Increase in percentage sdLDL, 
CRPhs and NEFA.
Significant increase in BMI and 
insulin AUC.

Decrease in HDL-C and apo AI.

Increase in triglyceride AUC.
Similar findings reported 
(Annuzzi et al 2004)

Cases
Increase in percentage sdLDL and 
CRPhs.
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4.10 Apolipoprotein E genotype.

The contribution of the apo E genotype to the development of cardiovascular disease 

is still controversial. The most recent prospective study by Ward et al (2009) 

concluded that the apo E genotype was not associated with cardiovascular heart 

disease after controlling for a number of factors particularly the ratio of LDL-C to 

HDL-C to. A meta-analysis of 17 published studies by Bermet et al (2007) suggested 

that the risk of coronary heart disease was increased marginally in E4 carriers and 

decreased in E2 carriers.

Apolipoprotein E genotype was perfonned on a cohort of controls and cases (see 

appendix 4, tables A4.1, A4.2, A4.3 and A4.4). Due to the expected lower prevalence 

of E4 and E2 alleles as opposed to E3 alleles, the groups were divided into two 

cohorts based on the presence of the E3 allele. E3/E3 is the predominant genotype and 

its behaviour is accepted as a reference for all apo E dependent function (Kolovou et 

al 2003). However it should be noted that the non E3/E3 group contains copies of apo 

E alleles E4 and E2 which have different receptor binding properties leading to 

functional differences. The control cohort had 15 participants with E3/E3, 11 with 

E3/E4, 1 with E2/E3 and 1 with E4/E4 (see table 3.11.5.1). Therefore in the non 

E3/E3 group there was a single copy of the E2 allele. The two groups did not differ 

significantly in their weight, BMI, glycaemic control or insulin resistance (see table 

3.11.5.2).

There was a significantly higher fasting concentration of NEFA in the E3/E3 group as 

opposed to the non E3/E3 group (see table 3.11.5.2). This may be accounted for by 

the reported increased conversion of VLDL to LDL in the presence of the apo E4 

allele as compared to apo E2 (Minihane et al 2007). There is also a decreased hepatic 

receptor mediated LDL-C removal in the presence of the E4 allele (Minihane et al 

2007) which is reflected in the control cohort by a marginal increase in the fasting 

LDL-C concentration in the non E3/E3 cohort. There were higher mean 

concentrations of sdLDL in the non E3/E3 cohort. Seip et al (2006) demonstrated that 

homozygotes for the E3 allele experienced the most beneficial effects of exercise
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training by decreases in sdLDL particles and increases in the intermediate sized LDL 

particles.

In this study the non E3/E3 control cohort had lower concentrations of the small HDL 

subfraction although this failed to achieve significance. There was a significant 

decrease in the smallest HDL sub fraction 10 in the E3/E3 cohort. The presence of an 

E4 allele may be related to smaller HDL size (Dart et al 1999). Topic et al (2008) 

suggested the effect of apolipoprotein E polymorphisms on lipoprotein particle size 

may be gender-related. The apo E4 allele in women was associated with small HDL 

size.

The triglyceride AUC did not differ between the cohorts. Yet there was an increase in 

median responses of the apo B48 AUC and iAUC in the E3/E3 cohort. Cardona et al 

(2005) demonstrated that patients with the metabolic syndrome who do not have the 

E3/E3 genotype had a greater risk of postprandial hypertriglyceridaemia after a fat 

load. However other studies failed to demonstrate a similar relationship (Syvanne et al 

1997, Boerwinkle et al 1994).

All cases at the initial visit were also divided into groups based on the presence of the 

E3 allele (see table 3.11.5.3). These groups did not differ significantly in BMI, 

HOMA-IR or age. The incremental apo B48 AUC was significantly higher in the 

E3/E3 cohort. The fasting triglyceride concentration was higher in the E3/E3 cohort 

accompanied by a 31% higher median triglyceride AUC and 37% higher triglyceride 

iAUC. Reznik et al (1996) in a study of 18 normotriglyceridaemic patients with type 2 

diabetes demonstrated a lower triglyceride increment postprandially after a fat load in 

patients with E3/E4 as compared to E3/E3 individuals. Mero et al (2000) did not find 

that the presence o f an E4 allele influenced postprandial lipaemia significantly in type 

2 diabetes.

The mean fasting and postprandial RLP-C concentrations were higher in the E3/E3 

case cohort as opposed to the non E3/E3 cohort which is opposite to that of the 

controls. Saito et al (2002) highlighted a gene dose effect of the E2 allele on plasma 

levels of RLP-C. Table 4.10.1 summarises the key findings of comparison of cohorts 

based on apo E genotype.
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The apo E genotype did not appear to have a significant contribution to postprandial 

lipaemia in this study. The control cohort highlighted some expected findings. 

However, in the presence o f overt diabetes this genotype did not appear to have a 

crucial role. This may be reflective o f the varying presenting characteristics o f the 

case cohort.

Table 4.10.1: Summary o f the findings o f comparison o f the cohorts based on apo E

genotype.

Analysis Study Findings
Corroborative

studies
Controls

No significant difference in BMI, weight or 
HOMA-IR as compared to non E3/E3 group.

Significantly raised fasting NEFA concentration.

Marginally lower LDL-C concentration.

Increase in sdLDL concentration.

Significantly lower HDL subfraction 10 in 
controls only.

Similar findings 
reported (Topic 
et al 2008)

E3/E3 Increase in median apo B48 AUG and iAUC.
Cases

No significant difference in BMI, weight or 
HOMA-IR as compared to non E3/E3 group.

Significantly higher apo B48 iAUC.

Higher fasting triglyceride, triglyceride AUC and 
iAUC.

Similar findings 
reported (Reznik 
et al 1996)

E3/E3
Higher mean fasting and postprandial 
concentrations of RLP-C.
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4.11 RLP-C -  potentially pathogenic chylomicron and VLDL 

leftovers

Remnant-like lipoproteins are formed by hydrolysis of chylomicrons and VLDL 

particles through the action of LPL. RLP-C was measured using the method first 

defined by Nakajima et al (1993) which uses anti apo A1 and BlOO to trap 

chylomicron and VLDL remnants.

RLP-C has been implicated as potentially atherogenic lipoproteins (Me Namara et al

1998). A number of studies have demonstrated higher concentrations of RLP in the 

presence o f coronary artery disease (Imke et al 2005, Lamon-Fava et al 2008, Karpe 

et al 2001, Hiki et al 2009). Higher concentrations of RLP-C have been reported in 

patients with sudden cardiac death (Nakajima et al 2008) and in patients with 

coronary artery disease who had a recurrence of a coronary event (Kugiyama et al

1999). Nakamura et al (2009) demonstrated that RLP-C was a significant and 

independent predictor of ischaemic stroke events. A hypothesis has been proposed by 

Zheng and Liu (2007) that RLP could impair endothelial function via direct and 

indirect effects on endothelial nitric oxide synthatase.

The cohort of controls that was assessed for RLP-C represented a lean cohort with a 

mean BMI of 24.55 ± 2.72 kg/m^ (see appendix 4, table A4.1). The mean fasting 

concentrations of RLP-C was 7.63 ± 3.53 mg/dl in the control population (see table 

3.11.4.1). Twickler et al (2004) proposed a RLP-C concentration range o f 6.2 -  9.3 

mg/dl in normal healthy volunteers. A cohort of the Framingham Heart Study 

(Schaefer et al 2002) had mean RLP-C concentrations of 6.9 ± 4.2 mg/dl in 1,499 

women and 8.6 ± 6.3 mg/dl in 1,357 men. The studies completed in Japanese 

populations have highlighted a lower concentration of fasting RLP-C (Ohnishi et al 

2002, Fukushima et al 2000, Hayashi et al 2008, Twickler et al 2004).

The case cohort had a mean BMI of 30.82 ± 4.83 kg/m^ (see appendix 4, table A4.2). 

These cohorts of cases were significantly older and heavier than the control cohort. 

The mean fasting concentration in all cases at the initial visit was 20.54 ±31.64 mg/dl
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which was significantly higher than the control cohort concentration. Schaefer et al 

(2002) demonstrated that RLP-C was 106% higher in women with type 2 diabetes and 

28% higher in men with type 2 diabetes respectively. Hirany et al (2000) 

demonstrated higher fasting concentrations of RLP-C in patients with type 2 diabetes 

in the presence and absence of macrovascular disease compared to age matched 

controls. Higher concentrations of fasting RLP-C have been reported in healthy 

relatives of patients with type 2 diabetes (Fukushima et al 2000). This population of 

cases had significantly higher concentrations of fasting and postprandial triglyceride 

concentrations and were significantly more insulin resistant than their control 

counterparts which may explain the increased concentration of RLP-C. RLP-C 

concentrations have also been closely linked to HOMA-IR concentrations with 

increasing HOMA-IR resulting in increasing RLP-C concentrations (Ohnishi et al 

2002). Abbasi et al (1999) also reported higher RLP-C concentrations in insulin 

resistance.

A Friedman test indicated that there were significant postprandial changes in the 

RLP-C concentrations after the postprandial meal in the controls and all cases at the 

initial visit but not the completed cases at initial or final visits. A number of studies 

have reported a postprandial response of RLP-C (Marcoux et al 2000, Nakajima et al 

2009, Dubois et al 1998, Ai et al 2001, Tam et al 2005, Hajer et al 2009). Wilmink et 

al (2001) reported a mean increase of 3.12 mg/dl in RLP-C concentrations in 15 

healthy volunteers four hours after an oral fat load. This study achieved a mean 

increase of 2.63 mg/dl in the control cohort at four hours after a physiological meal.

Interestingly, the postprandial changes were significant at fasting and two hours in the 

control cohort and at the two and four hour time points in all cases. On inspection of 

the time response curve morphology (see appendix 2, A2.15) 50%> of the control 

cohort demonstrated a peaked response curve as opposed to 50%> of all cases who 

demonstrated a delayed clearance response curve. Ai et al (2001) reported a RLP-C 

peak at two hours after an oral fat load with a return to base line at four hours in the 

control cohort as opposed to an increase in RLP-C concentrations throughout the four 

hour period of assessment in patients with type 2 diabetes. The control cohort had 

significantly lower concentrations of RLP-C at the fasting, four and six hour time 

points than all cases at initial measurement.
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The RLP-C AUC was calculated for each cohort (see table 3.11.4.2). The control 

cohort had a significantly lower RLP-C AUC as compared to all cases at initial 

measurement. Nakajima et al (2007) noted that apo BlOO carrying lipoproteins and 

not the apo B48 carrying lipoproteins were the major subset of RLP in the 

postprandial state.

At completion of the study with improved glycaemic control, the completed cases 

demonstrated a 29% improvement in mean RLP-C AUC although this failed to 

achieve significance. This may be reflective of changes in the triglyceride and insulin 

concentrations. Higher postprandial concentrations of RLP-C were demonstrated in 

hyperinsulinaemic as opposed to normoinsulinaemic patients with type 2 diabetes (Ai 

et al 2001). Higher triglyceride concentration in the presence of type 2 diabetes 

resulted in higher incremental RLP-C AUC following an oral fat load (Tam et al 

2005).

RLP-C AUC correlated strongly with fasting RLP-C, fasting triglyceride, and 

triglyceride AUC in all cohorts. Similar findings were noted in other studies 

(Nakajima et al 2009, Marcoux et al 2000, Tam et al 2005). Strong negative 

correlation was noted with large HDL subfraction in the control population. Ooi et al 

(2001) also reported an inverse relationship with HDL-C and RLP-C iAUC. Strong 

positive correlation was noted with EMI and weight in the completed cases, which 

was not seen in the control cohort.

In the completed cases at the final visit statins did not appear to impact or result in an 

improvement in RLP-C AUC. Hajer et al (2009) demonstrated a significant 

improvement in RLP-C concentrations with the treatment of simvastatin alone and in 

combination with ezetimide. This was further supported by a small study by Wilmink 

et al (2001) who demonstrated a significant improvement in RLP-C following an oral 

fat load with cerivastatin treatment. Table 4.11.1 summarises the key findings from 

the RLP-C analysis.

Imke et al (2005) raised the interesting question that although RLP concentrations 

predicted the incidence of coronary heart disease, do they provide any extra
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information that can not be obtained from the triglyceride concentration itself? Similar 

to this study RLP-C significantly correlated with triglyceride concentrations. The 

study group concluded “no” and did not support the testing o f RLP-C. However, can 

we dismiss these particles so easily and are we sure that the fasting concentration 

reflects everything that could happen postprandially? Again as with triglyceride 

concentration, patients with raised fasting triglyceride will have an abnormal 

postprandial response but what o f the patients with acceptable triglyceride 

concentrations and the possibility o f unexpected postprandial responses? Is RLP-C 

just reflective o f triglyceride concentration or are there unidentified issues with 

delayed clearance o f these particles that may not be reflected in triglyceride 

concentration? After all we cannot forget that at times it was not felt that there would 

be any benefit in assessing the triglyceride postprandial response.
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Table 4.11.1: Sum m ary o f  the findings o f  the RLP-C analysis

Analysis__________________ Study Findings___________ Corroborative studies

Mean fasting concentration 7.63 ±

Similar findings 
reported (Twickler et al 
2004, Schaefer et al

3.53 mg/dl 2002)

Controls

Significant changes in RLP-C 
concentration post physiological 
meal
Significantly higher BMI, age, 
HOMA-IR, fasting and 
postprandial triglyceride 
concentrations as compared to 
control cohort.

Mean fasting concentration 20.54 ± 
31.64 mg/dl significantly higher 
than control cohort.

Similar findings 
reported (Schaefer et al 
2002, Hirany et al 2000)

Significant changes in RLP-C 
concentration post physiological 
meal

Similar findings 
reported (Marcoux et al 
2000, Nakajima et al 
2009, Dubois et al 1998, 
Wilmink et al 2001)

Significantly higher concentrations 
o f RLP-C at two, four and six
hours post physiological meal as 
compared to control cohort.

All cases at initial visit
Significantly higher RLP-C AUC 
as compared to control cohort.

Improved Glycaemic 
control

29% improvement in mean RLP-C 
AUC at final measurement.

Statin Medication
No improvement in RLP-C AUC 
with statin medication usage.

RLP-C AUC correlated with 
fasting RLP-C, fasting triglyceride 
and triglyceride AUC.

Similar findings 
reported (Nakajima et al 
2009, Marcoux et al 
2000, Tam et al 2005)

RLP-C AUC correlated negatively 
with large HDL subfraction in 
control cohort.

Similar findings 
reported (Ooi et al 
2001)

RLP-C AUC correlated with BMI
Correlation and weight in completed cases.
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4.12 Glycaemic control versus Weight loss

Diagnostic criteria for type 2 diabetes are based on glucose concentration (American 

Diabetes Association 2000, 2004 & 2005, The Expert Committee on the Diagnosis 

and Classification of Diabetes Mellitus 2003, World Health Organisation 1999). The 

treatment of this disorder involves improvement in glycaemic control in conjunction 

with lipid management. There is much debate regarding the ideal targets for 

glycaemic control. The ADA (2008) have recommended H bA lc to average < 7% and 

consideration should be given to lowering concentration to < 6% if possible without 

significantly increasing the risk of hypoglycaemia.

The glycaemic target in this study was an HbAlc of < 7%. Not all patients achieved 

this target but all patients demonstrated an improvement in HbAlc values at 

completion of the study. Undoubtedly as suggested by Feldstein et al (2008) the initial 

period after diagnosis of type 2 diabetes is of interest as this may be the time of 

heightened patient clinical interest, which may be a contributing factor to patient 

response in this study.

At completion of the study the completed cases demonstrated a significant 

improvement in HbAlc and glucose concentrations at all four time points measured 

(see table 3.12.1). The impact of improved glycaemic control in type 2 diabetes on 

cardiovascular risk is a debate that continues to rage. The most recent studies did not 

link a significant improvement in glycaemic control with a reduction in CVD risk 

(ACCORD 2008, ADVANCE 2008). Yet in this study the improved glycaemic 

control was accompanied by a significant decrease in HOMA-IR and BMI which one 

would expect to indicate improved metabolic control. However, these improvements 

did not result in a significant reduction in triglyceride AUC or apo B48 AUC or any 

of the lipid parameters with the exception of fasting NEFA concentration. It should 

also be noted that although HOMA-IR has proved a useful tool in the assessment of 

insulin resistance, the calculation is based on fasting glucose and fasting insulin 

(Matthews et al 1985). This study did not demonstrate a significant improvement in 

fasting insulin concentration. Wagner et al (2003) demonstrated an improvement in 

glycaemic control after a follow up of 3.5 months resulted in significant reduction in
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LDL-C and an increase in HDL-C concentration in a group of 33 patients with type 2 

diabetes. Philips et al (2000) demonstrated that improved glycaemic control by dietary 

advice and oral hyperglycaemic agents or insulin resulted in a significant reduction in 

apo B48 and apo BlOO concentrations.

At completion of the study protocol, 83% of cases were taking metformin and 59% of 

cases were taking statin medication. These medications have been shown to have a 

positive impact on postprandial triglyceride concentrations (Ceriello et al 2002, 2005, 

Sheu et al 2001, Hollenbeck et al 1991, Jeppesen et al 1994). James et al (2005) 

reported that metformin led to a significant improvement in insulin resistance in obese 

insulin resistant individuals but that this was not paralleled with improvement in 

dyslipidaemia.

The CRJPhs demonstrated a significant improvement with glycaemic control. However 

the delta change in CRPhs did not correlate with the change in HbAlc concentration. 

Huffman et al (2008) demonstrated that high HbAlc concentrations were significantly 

correlated with high CRP concentrations in type 2 diabetes. This is further supported 

by the work of King et al (2003) which demonstrated that the likelihood of increased 

CRP concentrations increased with increasing HbAlc.

To determine the impact of improved glycaemic control as compared to improved 

glycaemic control with accompanied weight loss, completed cases were divided into 

two groups at study completion - those that lost weight (n=21) and those that 

remained no weight loss (n=20). The link between obesity and type 2 diabetes can not 

be underestimated. However it should be noted that every patient with type 2 diabetes 

is not necessarily obese. Yet in the presence o f type 2 diabetes losing weight even in 

the face of weight regain can have long-lasting benefits in type 2 diabetes (Feldstein 

et al 2008). hi fact weight loss is associated with improvement in cardiovascular risk 

factors and glycaemic control (Lloret-Linares et al 2008).

Both cohorts demonstrated significant improvements in glycaemic control as reflected 

by significant improvement in HbAlc and fasting plasma glucose concentration. The 

weight loss cohort also demonstrated a significant decrease in weight and BMI as
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compared to significant increases in both parameters in the no weight loss cohort. 

There were no significant differences in medication usage between the cohorts.

Surprisingly the no weight loss cohort did not demonstrate any further significant 

improvements in parameters assessed. The mean triglyceride AUC and Apo B48 

AUC actually disimproved in the no weight loss cohort. Table 4.12.1 summarises the 

key findings o f the completed case cohort on the basis o f improved glycaemic control 

in the presence and absence o f weight loss.

The weight loss cohort demonstrated significant improvement in triglyceride AUC, 

fasting triglyceride, insulin AUC, fasting CRPhs, fasting apo B concentrations and 

HOMA-IR. Berne et al (2005) demonstrated that patients treated with metformin and 

orlistat achieved a greater reduction in weight, H bA lc, fasting plasma glucose, total 

cholesterol and HOMA-IR, as compared to patients treated with metformin alone. 

Wood et al (2006) demonstrated that changes in triglyceride concentration were 

correlated with a reduction in large and medium VLDL in a 12 week weight loss 

program with carbohydrate restriction. The apo B48 AUC did not decrease 

significantly in the weight loss cohort. James et al (2003) demonstrated that weight 

loss in viscerally obese men did result in a decrease in fasting insulin and HOMA-IR 

but not fasting B48. This suggests that the improvement in the triglyceride AUC in 

the weight loss cohort may be as a result o f improved insulin resistance as resulting in 

increased metabolic control and decreases in the endogenously derived VLDL 

component.

The impact o f weight loss is quite surprising as the weight loss cohort still 

demonstrated a slightly higher mean BMI than the no weight loss group. Despite this 

the mean triglyceride AUC, triglyceride iAUC, apo B48 AUC, fasting triglyceride, 

LDL-C, insulin AUC, C-peptide AUC, Glucose, NEFA, and apo B were all lower in 

the weight loss group. Although there may be a possible decrease in CVD risk in the 

weight loss group, this group still demonstrated higher sdLDL and CRPhs than their 

no weight loss counterparts. However, the significant improvement in parameters 

demonstrates that glycaemic control alone in type 2 diabetes despite the use o f 

recommended medication may not be sufficient to protect patients in the future. 

Although this syndrome may be a result o f the environment in which we live there is
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no doubt that significant m etabolic im provem ent m ay not be achieved w ithout 

accom panying lifestyle changes accom panied w ith w eight loss.

Table 4.12.1; Sum m ary o f  the findings o f  analysis o f  the com pleted cases on the basis

o f  im proved glycaem ic control in the presence and absence o f  w eight loss

Analysis Study Findings

Completion of study

Significant improvement in HbA 1 c and 
glucose concentration.

Significant improvement in HOMA-IR 
and BMI.

Significant improvement in CRPhs.
No significant reduction in triglyceride 
AUC or apo B48 AUC.

No weight loss cohort

Significant improvement in H bA lc and 
glucose concentration.

Significant increase in weight and BMI. 
Increase in mean triglyceride AUC and 
apo B48 AUC.

Weight loss cohort

Significant improvement in H bA lc and 
glucose concentration.

Significant decrease in weight and BMI. 
Significant decrease in fasting 
triglyceride and triglyceride AUC.

Significant decrease in insulin AUC and 
HOMA-IR.

Significant decrease in fasting apo B48. 

Significant decrease in fasting CRPhs.
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5. Conclusion

"When the facts change, I  change my mind. What do you do Sir? ” 

John Maynard Keynes

187



The completed cases on initial presentation highlighted the fundamental diabetic 

dyslipidaemia associated with type 2 diabetes. The control cohort although free of 

type 2 diabetes were not exempt from cardiovascular risk. On initial recruitment all 

controls above forty five years of age were accepted. In later recruitment stages only 

controls with a BMI < 27 kg/m^ were recruited. The control cohort proved to be 

younger, lighter and less insulin resistant than the case cohort and had significantly 

higher fasting HDL-C. This was also accompanied by a higher percentage of subjects 

with raised fasting LDL-C and decreased HDL-C concentrations as compared to the 

case cohort at the initial visit. The case cohort however had a higher percentage of 

patients with raised fasting triglycerides, NEFA and CRPhs concentrations. The 

controls had significantly lower fasting insulin, NEFA, HOMA-IR and CRPhs when 

compared to completed cases at the initial visit.

The postprandial analysis highlighted some innate differences between the two 

cohorts. The controls failed to restore the triglyceride concentrations to fasting levels 

in 68% of subjects as opposed to 90% of cases six hours after administration of the 

physiological meal. On presentation with optimal fasting triglycerides only 70% of 

controls restored triglyceride concentrations to fasting concentrations at completion of 

the study protocol. The controls had a significantly lower triglyceride AUC compared 

to all cases at the initial visit. The completed cases at the initial and final visit had a 

raised triglyceride and iAUC compared to controls although this failed to achieve 

significance. However the completed cases at initial and final visit had significantly 

higher triglyceride concentrations at six hours post physiological meal when 

compared to the control cohort. This postprandial hypertriglyceridaemia may 

highlight the residual risk in type 2 diabetes even in well controlled patients.

The concept of an ideal AUC for triglyceride was introduced as a possible tool to 

initiate standardisation of postprandial triglyceride response and demonstrated clearly 

the impact of postprandial lipaemia on cardiovascular risk. When this tool was applied 

to all subjects the cohort that achieved an ideal AUC demonstrated significantly 

decreased cardiovascular risk in both controls and cases. The cohorts that achieved an 

ideal AUC in both the controls and cases had significantly lower BMI, HOMA-IR, 

triglyceride AUC, insulin AUC and apo B48 AUC. When the ideal AUC cohort in the 

controls was compared to the ideal AUC completed case cohort, the controls had
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significantly lower HOMA-IR, HbAlc, insulin AUC, fasting plasma glucose, NEFA 

and triglyceride AUC. This highlighted the intrinsic differences in the presence of 

type 2 diabetes even with optimal triglyceride concentrations.

Surprisingly a number of subjects in both cohorts although presenting with optimal 

fasting triglycerides failed to achieve an ideal AUC. In the control cohort comparison 

of these groups highlighted significantly lower HbAlc, fasting plasma glucose, 

insulin AUC, HOMA-IR, triglyceride AUC and apo B48 AUC in the group that 

achieved an ideal AUC with optimal fasting triglyceride concentrations.

To determine the contribution of intestinally derived lipoproteins to the postprandial 

phase, apolipoprotein B48 was assessed at each time point measured. The control 

cohort demonstrated lower concentrations of apo B48 at time points measured but this 

failed to achieve significance suggesting that triglyceride response highlighted in the 

case cohort may be of endogenous origin.

The remnant products o f the postprandial phase also highlighted significant 

differences in the presence of type 2 diabetes. There were significant changes in 

concentration of RLP-C after administration of the physiological meal. The controls 

had a significantly lower concentration of RLP-C at all time points measured as 

compared to all cases at the initial visit.

The influence of contributing factors such as gender, BMI and insulin resistance on 

postprandial lipaemia was also assessed in this study. Women proved to have a more 

favourable lipid phenotype than men in the control cohort, with significantly lower 

triglyceride and apo B48 AUC and raised HDL-C. In overt diabetes the benefit of the 

absence of a “Y” chromosome was diminished but not lost completely. The female 

cases had significantly higher fasting HDL-C concentration and lower triglyceride 

AUC and apo B48 AUC than the male cases. When the cohorts were compared on the 

basis of gender, both female and male controls had significantly lower HOMA-IR, 

BMI, age, fasting NEFA, insulin AUC and HbAlc. The female controls also had 

significantly lower fasting glucose and CRPhs than the completed cases highlighting 

increased risk in the female cases with type 2 diabetes.
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BMI and HOMA-IR almost emulated each other in their response. As BMI and 

HOMA-IR increased so did the potential CVD risk in both cohorts. However a note of 

caution should be observed - patients with the highest BMI did not persistently have 

the highest HOMA-IR and vice-versa.

The use of statin medication highlighted the importance o f such medication in the 

treatment of type 2 diabetes. This medication had a direct impact on triglyceride AUC 

and apo B48 AUC. Cases on statin medication also demonstrated beneficial effects on 

sdLDL. However this impact did not appear to carry through to RLP-C.

The impact o f the apo E genotype in the presence and absence of type 2 diabetes did 

not appear to have a direct impact on postprandial lipaemia in this study. The control 

cohort highlighted some expected findings. However in the presence o f overt diabetes 

this genotype did not appear to play a crucial role.

On completion of the study protocol all cases demonstrated an improvement in 

glycaemic control highlighted by significant improvement in HbAlc, glucose, BMI 

and HOMA-IR. Yet surprisingly this was not accompanied by a significant 

improvement in the postprandial response with no significant reduction in triglyceride 

AUC or apo B48 AUC. Cases were divided into two groups based on weight loss as 

determined by a minimum of weight loss of 1%. The weight loss cohort had 

significant improvements in triglyceride AUC, HOMA-IR, CRPhs, fasting apo B48, 

BMI, weight and insulin AUC. The no weight loss cohort demonstrated significant 

improvement in HbAlc and glucose only. This was accompanied by a significant rise 

in BMI and weight and an increase in triglyceride AUC and apo B48 AUC.

The apo B48 AUC however did not highlight a significant improvement with 

improving BMI and glycaemic control indicating that the improvement in triglyceride 

response was in fact reflective of an improvement in VLDL control. Glycaemic 

control alone did not result in improved metabolic control when unaccompanied by 

weight loss.

The impact of the postprandial phase on residual cardiovascular risk is not fully 

elucidated. Further work is required in the area of B 100 and impact of improvement
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of glycaemic control and weight loss. However this study has provided some very 

interesting findings. The changes in the postprandial phase highlight significant 

findings that may not be demonstrated in the fasting assessment, particularly in the 

significant prolonged and delayed clearance of triglycerides in the presence of overt 

diabetes. It is well documented that the fasting triglyceride is a major determinant of 

postprandial triglyceride response. Yet, some patients presenting with optimal fasting 

triglycerides still demonstrated failure to restore concentrations to fasting levels six 

hours post physiological meal. This may prove to be very interesting, and the residual 

postprandial lipaemia may be the link to increased cardiovascular risk in both patients 

with and without type 2 diabetes. Interestingly glycaemic control in the absence of 

weight loss did not prove to have a significant impact on postprandial changes in 

triglycerides or apo B48. The concept of an ideal AUC may be particularly useful in 

assessing patients with optimal fasting triglycerides as opposed to patients presenting 

with raised fasting triglycerides. The exact significance of these findings will require 

further elucidation and deserves further study.
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7. Appendices

“Science is wonderfully equipped to answer the question ‘How?  ’  but it gets terribly 

confused when you  ask the question ‘Why?

Erwin Chargall
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Figure A1.1: Questionnaire for cases at enrolment

Surname: Forename:

Date of Birth; Hospital Number:

Phone number: Sex:

Patients with hyperlipidaemia secondary to renal disease, liver disease, thyroid 
dysfunction or with a known primary (genetic) hyperlipidaemia will be excluded

Medical Conditions:

Are you fasting? Yes □  N o D Alcohol Intake Units per week

Presence of CAD? Yes No □ Liver disease Yes No □

Hypertension 

Blood Pressure :

Y esD  No Thyroid disease Yes N o D

Are you a smoker?

No of Cigarettes per day:

Yes □  No Weight in Kg: Height in metres: 

BMI:

Family history of angina or heart attack? Are you on a low fat diet? Yes D No D

Stroke ? Yes □ No

Are you taking cholesterol lowering drugs?

Are you taking HRT? Yes I

Are you being treated for Diabetes? Yes D  

Drug Name: Dosage:
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Figure A1.2: Questionnaire for cases at completion

Are you fasting? Yes No □ Alcohol Intake Units per week

Presence of CAD? Yes No □ Liver disease Yes No □

Hypertension Yes No □ 

Blood Pressure:

Thyroid disease Yes No □

Are you a smoker? Yes No □ 

Cigarettes per day:

Weight in Kg: Height in metres: 

BMI:

Family history of angina or heart attack

Yes No □

Are you on a low fat diet? Yes No □

Stroke Yes No □

Are you taking cholesterol lowering drugs?

Yes N o n  

Drug Name: Dosage:

Are you being treated for Diabetes?

Yes No □ 

Drug Name: Dosage:

Are you taking HRT? Yes No □
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Figure A1.3: Information sheet for cases

Title of study: The study of Hpid abnormaHties in a local diabetic population,

including glycated apolipoprotein E and postprandial lipoprotein metabolism. 

Introduction:

Diabetes Mellitus is the most common endocrine disorder in all populations and age 

groups and its worldwide prevalence is expected to more than double between 1994 

and 2010, posing a significant health challenge and economic problem. Lipid 

abnormalities occur more frequently in patients with type 2 diabetes mellitus. The 

conventional management o f lipid disorders does not take sufficient account for 

humans existing in the non-fasting state.

This study will look at specific markers of lipid abnormalities in newly diagnosed 

patients with Type 2 diabetes as compared to control subjects without Type 2 

diabetes. It is expected that the time span of participation will not exceed one year and 

the level of patient involvement will be the taking of additional blood samples at the 

time of diagnosis and once or twice during treatment until blood glucose levels return 

to normal. This will not involve any extra visits to the clinic as the necessary samples 

will be taken at routine visits. The initial samples will be taken when fasting and 

additional samples will be taken 6 hours after a light lunch.

Procedures:

Participants must be newly diagnosed with Type 2 diabetes mellitus. The participant 

will be required to have additional blood samples taken at routine visits to the diabetic 

clinic. Laboratory tests including genetic tests, related to lipid metabolism will be 

done. The results will be used for research purposes only.

Benefits:

This study will have no direct benefit to the individual participant but the results may 

benefit subsequent patients.

Risks:

There are no additional risks involved in participation.

Exclusion from Participation:

Participants must be over 21 years of age.

Confidentiality:
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Your identity will remain confidential. Your name will not be published and will not 

be disclosed to anyone outside the hospital.

Compensation:

Your doctors are covered by standard medical malpractice insurance. Nothing in this 

document restricts or curtails your rights.

Voluntary Participation:

You have volunteered to participate in this study. You may quit at any time. If you 

decide not to participate, or if  you quit, you will not be penalised and will not give up 

any benefits which you had before entering the study.

Stopping the study:

You understand that your doctor may stop your participation in the study at any time 

without your consent.

Permission:

The trial has been approved by the Joint Research Ethic’s Committee.

Further Information:

You can get more information or answers to your questions about the study, your 

participation in the study, and your rights, from Ms Ann Leonard or Dr Boran or Dr 

Jay Sharma who can be telephoned at 4143951. If  your Doctor leams o f important 

new information that might affect your desire to remain in the study, he or she will tell 

you.
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Figure A 1.4: Consent form for cases

St James's Hospital and federated Dublin voluntary Hospitals 

Joint research ethics committee

Consent Form

Title of research study:

The study of lipid abnormalities in a local diabetic population, including glycated 

apolipoprotein E and postprandial lipoprotein metabolism.

This study and this consent form have been explained to me. My doctor has answered 

all my questions to my satisfaction. I believe I understand what will happen if I agree 

to be part of this study.

I have read, or had read to me, this consent form. I have had the opportunity to ask 

questions and all my questions have been answered to my satisfaction. I freely and 

voluntarily agree to be part of this research study, though without prejudice to my 

legal and ethical rights. I have received a copy of this agreement and I understand 

that, if there is a sponsoring company, a signed copy will be sent to that sponsor.

Name of sponsor:

PARTICIPANT'S NAME:

PARTICIPANT’S SIGNATURE:

Date:

Date on which the participant was first furnished with this form:

Where the participant is incapable of comprehending the nature, significance and 

scope of the consent required, the form must be signed by a person competent to give 

consent to his or her participation in the research study (other than a person who 

applied to undertake or conduct the study). If the subject is a minor (under 18 years 

old) the signature of parent or guardian must be obtained:-

NAME OF CONSENTOR, PARENT or GUARDIAN:

SIGNATURE:

RELATION TO PARTICIPANT:
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Where the participant is capable o f comprehending the nature, significance and scope 

o f the consent required, but is physically unable to sign written consent, signatures of 

two witnesses present when consent was given by the participant to a registered 

medical practitioner treating him or her for the illness.

NAME OF FIRST WITNESS: SIGNATURE:

NAME OF SECOND WITNESS: SIGNATURE:

Statement of investigator's responsibility: I have explained the nature, purpose, 

procedures, benefits, risks of, or alternatives to, this research study. I have offered to 

answer any questions and fully answered such questions. I believe that the participant 

understands my explanation and has freely given informed consent.

Physician's signature:

Date:

(Keep the original of this form in the participant's medical record, give one copy to 

the participant, keep one copy in the investigator's records, and send one copy to the 

sponsor (if there is a sponsor).
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Table A1.5: Sample types and storage requirements

Analyte Sample
Type

Separation Storage & 
Stability

Sampling
Times

Apo A! Serum Same Day 8 days 2-8'C 
3 months 

-20‘C

0,2,4,6 HRS

Apo All Serum Same Day 8 days 2-8‘C 
3 months 

-20‘C

0,2,4,6 HRS

Apo B Serum Same Day 8 days 2-8‘C 
3 months 

-20‘C

0,2,4,6 HRS

Apo E Genotype EDTA NA Need to 
extract DNA 

within 1 
week

Only Once

Lipid Profile - Direct 
LDL-C, Direct HDL- 

C

Li Hep Same Day 6 days at 
2-8‘C

0,2,4,6 HRS

Triglycerides,
Cholesterol

Li Hep Same Day 6 days at 
2-8‘C

0,2,4,6 HRS

Glucose Li Hep 1HR 0,2,4,6 HRS

HbA1c EDTA NA NA Only Fasting 
Levels

Insulin And C- 
Peptide

Serum Separate
Immediately

3 months 
-20‘C

0,2,4,6 HRS

Lp (a) Serum Same Day 8 days 2-8‘C 
3 months 

-20‘C

0,2,4,6 HRS

Apolipoprotein B48 Serum Same day Below -35'C 0,2,4 ,6 HRS

LDL/HDL subfraction Serum Same day 7 days at 
2-8‘C

Fasting

Freeze at 
-70-C

NEFA EDTA separate and 
freeze

3 months 
-20‘C

0,2,4,6 HRS

RLP-C Serum Same Day 8 days 2-8‘C 
3 months 

-20‘C

0,2,4,6 HRS
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Figure A1.6: Information sheet for controls

Title of Study: The study o f lipid abnonnalities in a local diabetic population,

including glycated apolipoprotein E and postprandial lipoprotein metabolism. 

Introduction:

Diabetes Mellitus is the most common endocrine disorder in all populations and age 

groups and its worldwide prevalence is expected to more than double between 1994 

and 2010 posing a significant health challenge and economic problem. Lipid 

abnormalities occur more frequently in patients with type 2 diabetes mellitus. The 

conventional management o f lipid disorders does not take sufficient account for 

humans existing in the non-fasting state.

This study will look at specific markers o f lipid abnormalities in newly diagnosed 

subjects with Type 2 diabetes as compared to subjects without diabetes. It is expected 

that the time span o f the study will be two years and the level o f involvement will be a 

general medical examination, filling out a questionnaire and the taking o f additional 

blood samples on a once off basis. The initial samples will be taken when fasting and 

additional samples will be taken 6 hours after a light meal.

Procedures:

Control subjects will be required to fill out a questionnaire about previous medical 

history and allow the taking o f blood samples at fasting and 6 hours after a meal. 

Genetic testing will be performed for genes related lipid metabolism. Results will be 

used for research purposes only and will not be available for routine patient care. 

Benefits:

The study will have no direct benefit to the individual participant but the results may 

benefit subsequent patients. Your GP will be informed o f any significant 

abnormalities discovered in this study.

Risks:

The study does not involve any risk in participation.

Exclusion from Participation:

Subjects will be excluded from the study by the following conditions:

Myocardial infarction.

Angina or heart failure, liver disease, thyroid disorder.

Hypertension.
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Renal failure.

Other debilitating illnesses such as cancer etc...

The use of lipid lowering drugs, or presence of dyslipidaemia.

Participants must be over 21 years of age.

Confidentiality:

Your identity will remain confidential. Your name will not be published and will not 

be disclosed to any one outside the hospital.

Compensation:

Your doctors are covered by standard medical malpractice insurance. Nothing in this 

document restricts or curtails your rights.

Voluntary Participation:

You have volunteered to participate in this study. You may quit at any time. If you 

decide not to participate, or if  you quit, you will not be penalised and will not give up 

any benefits which you had before entering the study.

Stopping the Study;

You understand that your doctor may stop your participation in this study at any time 

without your consent.

Permission:

The study has hospital Ethic’s Committee approval.

Further Information:

You can get more information or answers to your questions about the study, your 

participation in the study and your rights from Ms Ann Leonard or Dr Boran or Dr J 

Sharma who can be telephoned 4143951. If your doctor learns of new information 

that might affect your desire to remain in the study he or she will tell you.

268



Figure A1.7: Questionnaire for controls

Surname: Forename:

Date of Birth: Hospital Number:

Phone number: Sex: M F

Medical Conditions:

Are you fasting? Yes No □ Kidney disease Yes No □

Angina or Heart attack Yes No □ Liver disease Yes No □

Diabetes Yes N o D Thyroid disease Yes No n

Are you a smoker? Yes No D
Weight in Kg: Height in metres:

Family history of angina or heart attack Are you on a low fat diet? Yes No □

Yes No D

Are you taking cholesterol lowering drugs?

Stroke Yes No D
Yes No n

Are you taking HRT? Yes No □
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Figure A1.8: Consent form for controls

St James's Hospital and federated Dublin voluntary Hospitals 

Joint research ethics committee 

Consent Form

Title of research study: The study of lipid abnormalities in a local diabetic

population, including glycated apolipoprotein E and postprandial lipoprotein 

metabolism.

This study and this consent form have been explained to me. My doctor has answered 

all my questions to my satisfaction. I believe I understand what will happen if I agree 

to be part of this study.

I have read, or had read to me, this consent form. I have had the opportunity to ask 

questions and all my questions have been answered to my satisfaction. I freely and 

voluntarily agree to be part of this research study, though without prejudice to my 

legal and ethical rights. I have received a copy of this agreement and I understand 

that, if  there is a sponsoring company, a signed copy will be sent to that sponsor.

Name of sponsor:

PARTICIPANT'S NAME:

PARTICIPANT'S SIGNATURE:

Date:

Date on which the participant was first furnished with this form:

Where the participant is incapable of comprehending the nature, significance and 

scope of the consent required, the form must be signed by a person competent to give 

consent to his or her participation in the research study (other than a person who 

applied to undertake or conduct the study). If the subject is a minor (under 18 years 

old) the signature of parent or guardian must be obtained:- 

NAME OF CONSENTOR, PARENT or GUARDIAN:

SIGNATURE:

RELATION TO PARTICIPANT:
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Where the participant is capable o f  comprehending the nature, significance and scope 

o f the consent required, but is physically unable to sign written consent, signatures o f 

two witnesses present when consent was given by the participant to a registered 

medical practitioner treating him or her for the illness.

NAME OF FIRST WITNESS: SIGNATURE:

NAME OF SECOND WITNESS: SIGNATURE:

Statement o f investigator's responsibility: I have explained the nature, purpose, 

procedures, benefits, risks of, or alternatives to, this research study. 1 have offered to 

answer any questions and fully answered such questions. 1 believe that the participant 

understands my explanation and has freely given informed consent.

Physician's signature:

Date:

(Keep the original o f this form in the participant's medical record, give one copy to 

the participant, keep one copy in the investigator's records, and send one copy to the 

sponsor (if there is a sponsor).
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A1.9: Lipoprint™ assay procedure (Lipoprint Training l\/lanual 

Rev.003_8.06)

Loading sample;

• Place gel tubes in rack

• Apply 25)xl of serum or plasma to gel tubes

• Apply 200^1 Loading Gel solution

Mixing sample:

• Place cover over gel

• Mix sample with loading gel by inverting the gel tubes

Photopolymerization:

• Place gel tubes in front of polymerization light

• Photopolymerize gel tubes for thirty minutes
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Loading Chamber:

• Remove gel tubes from preparation rack

• Load gel tubs on the upper chamber

Electrophoresis:

• Add electrolyte buffer to upper and lower chambers

• Electrophoreses for one hour at 3mA per tube

Lipoprint sub-fractions are resolved:
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large LDL sm all LDL

VLDL 

MID b an d s

LDL

HDL

Scan gel tubes:

• Load electrophoresised gel tubes on scanner

• Scan the gel tubes 

Digital image generation:

• A digitizied image o f electrophoresised gel is generated

a a

The digitized image of the gel can now be analysed using the Lipoprint patient risk 

reporting software.
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Figure A 1.10: Reagents for RLP-C assay

Reagents are provided by JIMRO Ltd, each assay kit contains the following:

1. RLP® Immunoseparation Gel (30 mL):

Mouse monoclonal antibodies to human apo A-I and apo B-lOO immobilized on 

sepharose 4B beads.

2. Cholesterol Reagent R1 (35 mL): Ascorbate oxidase 2.0 U/mL, cholesterol esterase 

0.5 U/mL, peroxidase 2.5 U/mL, N-ethyl-N-(3-methylphenyl)-N’-succinyl- 

ethylenediamine (EMSE) 1.1 mM, Good’s buffer (pH 6.7) 30 mM and sodium azide 

surfactant.

3. Cholesterol Reagent R2 (15 mL): Cholesterol oxidase 5.0 U/mL, peroxidase 25 

U/mL, 4-amino antipyrine 2.2 mM, Good’s buffer (pH 6.75) 30 mM, sodium azide 

and surfactant.

4. Cholesterol Standard Solution (2 mL): Cholesterol 50 mg/dL.

5. RLP®R Buffer (150 mL): Tris HCl buffer (pH 7.4) 0.05 M and sodium azide 

Reagent storage and stability:

The RLP® Immunoseparation Gel is to be stored refrigerated (2-8°C). The reagents 

are stable throughout their assigned shelf life. After opening, all reagents are stable for 

one (1) month when stored tightly closed and refrigerated. The neat cholesterol 

standard solution (50 mg/dL) and the stock cholesterol standard solution (2 mg/dL) 

are stable for up to four (4) months when stored refrigerated.
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A1.11: RLP-C assay procedure as outlined by manufacturer

1. Allow the reagents and specimens to equilibrate to room temperature (15 to 30°C). 

Manually mix the reagents and specimens prior to use.

Do not vortex .

2. Put Hitachi microsample cups onto sample rack, (use only Hitachi microsample 

cups.)

3. Using a steel bead dispenser, place a steel bead into each Hitachi microsample cup.

4. Accurately pipette 300 /z L of the washed RLP® Immunoseparation Gel into each 

Hitachi microsample cup. Gently mix the gel every thirty (30) seconds because the gel 

settles quickly if not re-mixed.

5. Allow the RLP® Immunoseparation Gel to settle for approximately 10 minutes in 

the Hitachi microsample cups. Inspect the volume of RLP®

Immunoseparation Gel in each microsample cup. Discard any cup with visually more 

or less gel volume.

6. Accurately pipette 10/z L of each specimen into the appropriately labelled Hitachi 

microsample cups.

7. Place the microsample cups onto the Photal mixer and mix for 2 hours at room 

temperature (15 - 30°C).

8. After mixing (step 7 above), allow the gel to settle for 15 minutes. If a Hitachi 

analyzer is used to measure the cholesterol content, the Hitachi microsample cups can 

be placed directly on the analyzer. Otherwise, transfer the supernatant (approximately 

200 u L) to sample cups appropriate for the chemistry analyzer used.

9. Place cholesterol reagents R1 and R2, working standard solutions, controls, and test 

samples in the appropriate positions in the chemistry analyzer used. The critical 

program parameters for the chemistry analyzer for RLP-C analysis are listed below. 

For information concerning the chemistry analyzer setup parameters, contact the 

distributor.

Wavelength: 500-600 nm (optimal at 550nm)

Conversion factor: 61 

R1 reaction time: 4 - 6  minutes 

R2 reaction time; 4 - 6  minutes 

Mode of calibration: Linear regression
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10. Initiate the analysis o f the samples. The analyzer instrument will use the slope and 

the y-intercept o f the calibration curve to quantify the amount o f cholesterol in each 

sample.
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A1.12: RLP-C assay performance characteristics- as provided 

by manufacturer

Detection Limit:

Ten aliquots of RLP® Buffer (blank) were analyzed for RLP-C over 2 days (5 

aliquots per day). The detection limit, defined to be three times the standard deviation 

(3 X SD) plus the mean of the ten blank measurements [DL = Mean + (3 x SD)], was 

3.1 mg/dL.

Linear Range:

The linear range of the assay was determined by diluting fresh human serum with an 

RLP-C level of 177 mg/dL, with a second sample of fresh human serum with an RLP- 

C level of 3.9 mg/dL, and with normal saline in various proportions.

The results demonstrated a linear range from 3.1 to 130 mg/dL when serum with low 

RLP-C level was used as the diluent, and from 3.1 to 90 mg/dL when saline was used 

as the diluent.

Imprecision:

Three frozen human serum pools with known RLP-C levels o f approximately 5 

mg/dL, 12 mg/dL, and 25 mg/dL, respectively, were analyzed by 3 analysts at the 

same laboratory using 3 lots o f the RLP®-Cholesterol Assay reagent on 6 different 

days over a two-month period. Three analysts evaluated each of the three lots of 

reagents. A total of nine runs were performed. Each pool was immunoseparated in 

triplicate using the RLP Immunoseparation Gel. Cholesterol content was quantified in 

each supernatant.

The results of total, within-run, and run-to-run imprecision are shown in Table A 11.1
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Table A1.12.1 Imprecision of the RLP -Cholesterol assay- as 

provided by manufacturer

Pool M ean (m g/dL) Total W ithin-run Betw een-run

-SD CV -SD CV -SD CV

Low 4.82 0.58 12.0% 0.24 5.0% 0.53 10.9%

M edium 12.35 1.06 8.5% 0.31 2.5% 1.01 8.2%

High 24.87 1.67 6.7% 0.86 3.4% 1.43 5.7%

Interference;

The m easurem ent o f  RLP-C is not adversely affected by hem oglobin (up to 500 

m g/dL), bilirubin (conjugated and unconjugated up to 20 m g/dL), glucose (up to 1200 

m g/dL), L-ascorbic acid (up to 3 m g/dL), or glycerol (up to 1.0 m m ol/L).

Pooled plasm a was stored in m ultiple aliquots at -70°C to determ ine the inter- and 

intra-assay coffiecient o f  variation. One aliquot o f  pooled plasm a was thaw ed and run 

w ith each run o f  RLP-C assay. The w ithin batch CV ranged from  0.88%  to 10.66% , 

the sum m ary o f  results are outlined below:

Group mean 
mg/dl 7.67 7.96 7.72 10.08 4.48

SD: 0.550 0.849 0.737 0.082 0.280
CV%: 7.17% 10.66% 9.54% 0.81% 6.26%
SEM 0.27 0.60 0.43 0.05 0.16

The betw een batch CV w as 28% .

The standards provided w ith the assay kit were also run as patient sam ples. The 

betw een batch CV for these sam ples w ere 1.8% and 4 .5%  respectively.

279



Table A1.13 Apolipoprotein B48 assay performance 

characteristics

To determine the specificity of apo B48 assay varying concentrations of apo BlOO 

were added to pooled serum and assayed. The concentrations of apo BlOO added to

pooled plasma and buffer are outlined below;

dilution
Ml of BlOO 
(0.58mg/ml)

Pooled 
serum (pi 
of sample) Buffer

Concentration 
of BlOO added Result

x500
dilution
factor

1/500 5 5 990 58ng 26.171 13085.5
1/500 10 5 985 116ng 25.986 12993
1/500 20 5 975 232ng 32.818 16409
1/500 40 5 955 560ng 29.581 14790.5
1/500 80 5 915 1120ng 31.149 15574.5

The results of this experiment are outlined in graph;

20000

E 16000
!■
c
I  12000

8000

1
g. 4000

58ng 116ng 232ng 560ng 1120ng

Apo BlOO Concentration

The assay did not cross react with apo BlOO.

Pooled serum was run with experiments to determine within and between batch

correlations of variations (CV);

Group
mean

(MQ/ml): 16.72 8.74 14.16 14.00 9.88
SD; 0.668 0.161 1.424 1.090 0.000

CV%; 3.99% 1.84% 10.06% 7.78% 0.00%
SEM 0.33 0.08 0.82 0.49 0.00

The between batch CV was 26.3%.
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The standards provided with the assay were also run as patient’s samples to determine 

CV

20ng/ml 40ng/ml 80/ng/ml 160ng/nnl
21 39 72 142
25 49 72 161

20.984 38.138 75.961 172
19.566 29 61.147 118.986
20.956 34.694 71 167

21 40.406 75.477 149
21 34 78.357 167

16.777 38.78
20.936 37
21.989 33

20.92 37.30 72.28 153.86
2.02 5.35 5.57 18.73

9.7 14.3 7.7 11.9

Mean
Standard deviation 
CV
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A1.14: Evaluation of Randox HDL-C and LDL-C measurement

The Randox® HDL-C method was compared to a reference method used in the 

Clinical Chemistry Laboratory, AMNCH. A random selection of 100 samples were 

analysed by both methods and comparison analysis was performed.

HDL-C
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0  •  M edian

0.5 1 1.5 2 2.5 3

Reference Cobas Roche HDL-C (mmol/L)

Figure A 1.14.1: Comparison of Randox® HDL-C method to reference method 

The Randox® HDL-C method results are plotted on the y  axis. The reference method 

results are plotted on the x axis. The correlation coefficient was 0.956.
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The Randox® direct LDL-C method was compared to the calculated Fiedewald 

formula. A random selection o f 100 samples were analysed by both methods and 

comparison analysis was performed.
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Figure A l.14.2: Comparison o f Randox® direct LDL method and calculated 

Friedewald LDL-C

The Randox® direct LDL-C method results are plotted on the y  axis. The Friedewald 

calculated results are plotted on the x axis. The correlation coefficient was 0.917.

Quality control material was run with each batch o f samples to determine the 

coefficient o f variation for the HDL-C and LDL-C assays (see table A 1.14.3)

Table A l.14.3: Quality control analysis results

Low M edium High
M ethod N Mean SD CV% N M ean SD CV% N Mean SD c v %
HDL-C 8 0.77 0.08 10.1 6 1.25 0.04 3.2 8 2.26 0.07 3.16
LDL-C 6 L21 0.07 5.8 6 2.5 0.15 6.1 7 5.36 0.17 3.2
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A1.15: Biochemistry method characteristics

Triglycerides, cholesterol, glucose, HbAlc and CRPhs are methods in routine use in 

the Clinical Chemistry Laboratory AMNCH. The figures provided in table A1.15 

represent a period of thirty days between February and March 2008. The SD and CV 

were calculated from routine use of quality control material during this time frame.

The interferences are represented as I-icteric, H- haemolysis and L- lipaemia.

L ow M ed iu m H igh

Method N M ean SD C V % N M ean SD C V % N M ean SD C V %

Triglycerides 158 1.01 0.11 11 176 1.55 0.06 3.97 152 2.16 0.29 13.2
Cholesterol 159 2.55 0.06 2.5 182 4.27 0.08 1.9 164 6.26 0.14 2.27 I,
Glucose 89 3.43 0.07 2.15 311 6.7 0.1 1.42 93 19.35 0.35 1.97 I,

H bA lc 34 5.54 0.08 1.39 25 10.52 0.31 2.96 Va
CRPhs 44 2.43 0.05 1.92 50 11 0.14 1.31
Lp(a) 10 30.8 1.29 4.19

Table A 1.15; Characteristics of methods used in study protoco

I* = interferences
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A1.16: Area under the curve (AUC)

The period o f measurement within the study lasted for six hours. Calculation for the 

overall period o f this follow-up is a valid way o f evaluating the whole response. The 

AUC is a valid method for assessing the response and the usual methodology applied 

is the trapezoidal method (Lairon et al 2007).

The AUC was calculated using Graph Pad Prism software version 5.01; this was 

verified by repeated measurement in excel. The trapezoidal rule divides a curve into a 

series o f trapezoids, the area under the curve is the sum o f the areas o f each trapezoid 

(Liengme B area under the curve URL). In the example 1 below the time series graph 

is divided into three trapezoids: Trapezoid 1, Trapezoid 2 and Trapezoid 3. The area 

for each o f these trapezoids is calculated e.g. Trapezoid 1 = (Y1 + Y2)/2 = 1.5. This is 

the calculation used when x increments are equal.

The incremental area under the curve was also calculated for a number o f parameters: 

triglycerides and B48. This involves the subtraction o f  the baseline values from the 

postprandial values and recalculating the AUC (Lairon et al 2007). In this study we 

considered the incremental changes in conjunction with the decremental changes i.e. 

the results that go below the baseline after adjustment for baseline concentrations.

Figure 1.16.1: Calculation o f  area under the curve by trapezoidal rule

2 5
X3X2

Trapezoid 2 X4XI
Y2 Y3

Trapezoid 10.5 — Y4
Trapezoid 3

Tim e
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Appendix 2: Graphs and charts of controls and cases
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Figure A2.1: Distribution of Bl\/II in case and control subjects.

■  Controls
Completed C ases 

■ i  All C ases at enrolment

BMI KG/M^

BMI is expressed as kg/m^. The cases and controls are divided into 3 groups BMI < 

25 kg/m^, 25-30 kg/m^ and >30 kg/m^. Controls N=60, completed cases N=41, all 

cases at enrolment N=56. No o f subjects are plotted on the y  axis and BMI cohorts 

are expressed on the x axis.
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FigureA2.2: Distribution of age in controls and cases.

Age in years is plotted on the y  axis. Three groups are represented on the graph: 

controls, completed cases at in itia l visit and a ll cases at in itia l visit.
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Figure A2.3: Fasting and postprandial trigiyceride

concentration distribution following standard physiological 

meal in control cohort.

50n
■  Fasting 
■ I 2 hour 
H  4 hour
■  6 hour

Triglyceride

The triglyceride levels are recorded as four time points: 0, 2, 4 and 6 hours. The 

control numbers are plotted on y-axis. The triglyceride values are divided into three 

levels fo r each time point, <l.7mmol/L, 1.7-2.1mmol/L and >2.1mmol/L are plotted 

on the X  axis. The time points fasting, 2 hour, 4 hour and six hour are represented by 

colour coding scheme.

289



FigureA2.4: Distribution of fasting choiesteroi results in 

control and case cohort.

S' 30-

Controls
Completed cases initial visit 
All Cases at enrolment 
Completed cases final visit

Cholesterol

The fasting cholesterol levels are divided into three categories represented on the x 

axis. The number o f subjects is plotted on the y  axis. The cases and controls are 

colour coded with the legend on the right hand side o f the graph.
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Figure A2.5: Distribution of fasting HDL-C concentrations of 

control and case subjects.

Controls
Completed cases initial visit 
All cases at enrolement 
Completed cases final visit

The fasting HDL-C concentrations are divided into three categories along the x axis. 

The number o f subjects is plotted on the y  axis. The controls and cases are colour 

coded with the legend displayed on the right hand side o f the graph.

50n

HDL-C
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Figure A2.6: Distribution of fasting LDL concentrations in 

control and case subjects.

Controls
Completed cases initial visit 
All cases at enrolment 
Completed cases final visit

The fasting LDL-C concentrations are divided into three categories along the x axis. 

The number o f subjects is plotted on the y  axis. Each cohort is colour coded and the 

legend is displayed on the right hand side o f the graph.

40-1

LDL-C
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Figure A2.7: Distribution of fasting CRPhs concentrations in 

control and case subjects.

CRPhs

Controls
Completed cases initial visit 
All cases at enrolment 
Completed cases final visit

The fasting CRPhs concentrations are divided into three categories along the x axis. 

The number o f subjects is plotted on the y  axis. Each cohort is colour coded and the 

legend is displayed on the right hand side o f the graph.
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Figure A2.8: Insulin levels of at fasting, two hours, four hours 

and six hours post standard physiological meal in control 

subjects

(A
■4- *uo
!5'
3
(A

Fasting 
2 hour 
4 hour 
6 hour

<12mU/L >12mU/L
Insulin

The insulin levels are divided into two categories plotted on the x axis. The control 

numbers are plotted on y  axis. A ll time points measured during study protocol are 

represented and colour coded.
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Figure A2.9: Distribution of triglyceride concentrations fasting 

and post standard physioiogicai meal at initial visit in 

completed case cohort (n=41)

25n
Fasting 
2 hour 
4 hour 
6 hour

Triglyceride

The triglyceride concentrations are recorded at four time points. The number o f cases 

is plotted on y-axis. The time points fasting, 2 hour, 4 hour and six hour are plotted on 

the x-axis. The triglyceride concentrations are divided into three levels for each time 

point, <1.7mmol/L, 1.7-2.1 mmol/L and >2.1 mmol/L.
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Figure A2.10: Distribution of trigiyceride concentrations 

fasting and post standard physiologicai meai of all cases at 

enrolment (n=56).

Fasting 
2 hour 
4 hour 
6 hour

The triglyceride concentrations are recorded at four time points. The number o f cases 

is plotted on y-axis. The time points fasting, 2 hour, 4 hour and six hour are plotted on 

the x-axis. The triglyceride concentrations are divided into three levels for each time 

point, <1.7mmol/L, 1.7-2. Immol/L and >2. Immol/L.

40n

Triglyceride
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Figure A2.11: Distribution of insulin concentrations in 

completed case cohort (N=41) at fasting and post standard 

physiological at enrolment and completion of study.

m  lnitial<12mU/L
■  Final<12mU/L 
tm lnitial<12mU/L
■  Final >12mU/L

Time (hrs)

The insulin concentrations are divided into two categorise less than and greater than 

12mU/L. The four time points are plotted on the x axis. The number o f cases is 

plotted on y  axis. The case cohort at enrolment and completion o f the study are 

represented.
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Figure A2.12: Distribution of insulin concentrations in all 

cases at initial visit (N=56) at fasting and post standard 

physiological at enrolment.
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The insulin concentrations are divided into two categories less than and greater than 

I2mU/L. The four time points are plotted on the x axis. The number o f cases is 

plotted on y  axis.
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Figure A2.13: Distribution of triglyceride concentrations 

fasting and post standard physiological meal in cases (n=41) 

at study completion.

30n
Fasting 
2 hour 
4 hour 
6 hour

Triglyceride

The triglyceride concentrations are recorded at four time points. The number o f cases 

is plotted on y-axis. The time points fasting, 2 hour, 4 hour and six hour are plotted on 

the x-axis. The triglyceride concentrations are divided into three levels for each time 

point, <1.7mmol/L, 1.7-2. Immol/L and >2. Immol/L.
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A2.14: Graph Morphology in controls and cases.

The graph morphology of analytes used to calculate the AUCs on every case and 

control were assessed. Each subject responded to the physiological meal, but 

parameters did not all display the reported bell shaped curve (Lairon et al 2007). The 

triglyceride, insulin, apo B48 and RLP-C responses were divided into families of 

morphologies.

The insulin responses to the physiological meal were divided into four groups based 

on time response curve morphology; classic bell shaped curve (BS) (see figure 

2.14.1), Peaked response (PR) (see figure 2.14.2) response peaked at either two or 

four hour time point measurement and continued to fall subsequently there after. 

Peaked response followed by subsequent levelling of concentration thereafter (PRL) 

(see figure 2.14.3) and a biphasic response (BP) (see figure 2.14.4) where the analyte 

peaked more than once during the assessment.

The controls, all cases at initial visit, completed cases initial and final visits including 

completed cases that lost weight and remained no weight loss can be viewed in table 

2.14.5. The PR curve was present in 47% of control patients as opposed to 18% of all 

cases at initial visit, 15% of completed cases at initial visit and an improved 22% at 

final visit.
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Figure 2.14.1: Example o f classic bell shaped (BS) curve response in insulin

concentrations to physiological meal

Insulin AUC

Time (hours)

Figure 2.14.2: Example o f a peaked response (PR) in insulin concentrations to 

physiological meal
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Figure 2.14.3: Example o f a peaked response in insulin concentrations to 

physiological meal followed by levelling o f concentration thereafter (PRL).
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Figure 2.14.4: Example o f a biphasic response (BP) in insulin concentrations to 

physiological meal

Insulin AUC

Time (hours)
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Table 2.14.5: Cases and controls divided in to four groups based on morphology of

insulin response curve to physiological meal

R esp o n se  C urve M orphology
N BS PR PRL BP

Controls 60 6 28 24 2
All ca ses  initial visit 56 6 10 36 4
Completed ca ses  initial visit 41 4 6 28 3
Completed ca ses  final visit 41 5 9 25 2
Completed ca ses  weight loss initial 
visit 21 1 3 16 1
Completed ca se s  weight loss final visit 21 2 5 13 1
Completed ca se s  no weight loss initial 
visit 20 3 3 12 2
Completed ca se s  no weight loss final 
visit 20 3 4 12 1

BS- hellshaped curve, PR- peaked response, PRL- peaked response followed by 

levelling o f response, BP- hiphasic response

The triglyceride response of cases and controls was also divided into four groups 

based on time response curve morphology; classic bellshaped response curve (BS) 

(see figure 2.14.6), peaked response curve (PR) (see figure 2.14.7) this peaked 

response occurred at either two or four hours post physiological meal, delayed 

clearance response curve (DC) (see figure 2.14.8) and the biphasic response curve 

(BP) (see figure 2.14.9).

303



Figure 2.14.6: Example o f the bellshaped response curve (BS) in triglyceride 

concentrations following physiological meal

Triglyceride AUC

2.5

o) 0.5

Time (hours)

Figure 2.14.7: Example of peaked response curve (PR) in triglyceride concentration 

following physiological meal.
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Figure 2.14.8: Example o f the delayed clearance response curve (DC) in triglyceride 

concentration following physiological meal.
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Figure 2.14.9; Example o f the biphasic response curve (BP) in triglyceride 

concentration in response to physiological meal.
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Table 2.14.10; Cases and controls divided into four groups based on triglyceride 

response curve to physiological meal.

R esp o n se  C urve M orphology
N BS PR DC BP

Controls 60 19 21 15 5
All ca ses  initial visit 56 12 26 15 3
Completed ca se s  initial visit 41 11 17 11 2
Completed ca se s  final visit 41 3 23 10 5
Completed ca se s  weight loss initial 
visit 21 6 10 5 0
Completed ca se s  weight loss final visit 21 1 14 5 1
Completed ca se s  no weight loss initial 
visit 20 5 7 6 2
Completed ca se s  no weight loss final 
visit 20 2 9 5 4
Completed ca se s  statin initial visit 24 5 12 6 1
Completed ca se s  statin final visit 24 1 14 6 3
Completed ca ses  no statin initial visit 17 6 5 5 1
Completed ca ses  no statin final visit 17 2 9 4 2

BS- bellshaped curve, PR- peaked response curve, DC- delayed clearance response

curve, BP-biphasic response curve

The control cohort consisted of 25% of subjects who had a DC curve in response to 

physiological meal, 27% of all cases and completed cases at initial visit also displayed 

a DC curve. At completion of the study with improved glycaemic control, the major 

change in curve morphology noted was in the BS and PR curves. There was a 

decrease in the number of subjects with a BS curve response and an increase in the 

number of subjects with a PR response curve. This change in curve response can also 

be noted in completed cases divided into cohorts on the basis of statin medication or 

weight loss.

The apo B48 time response curves in the cases and controls were also divided into 

four groups based on graph morphology. These four groups are BS (see figure 

2.14.11), PR (see figure 2.14.12), DC (see figure 2.14.13) and BP (see figure 2.14.14).
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Figure 2.14.11; Example o f the bellshaped response curve (BS) in apo B48 

concentrations following physiological meal.
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Figure 2.14.12: Example o f peaked response curve (PR) in apo B48 concentration 

following physiological meal.
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Figure: 2.14.13: Example of the delayed clearance response curve (DC) in apo B48 

concentration following physiological meal.
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Figure 2.14.14: Example of the biphasic response curve (BP) in apo 048 

concentration in response to physiological meal.
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The classic BS curve was only present in a small number of cases and controls, with 

the majority of cases and controls response curve either PR or DC (see table 2.14.15). 

The control cohort had the highest percentage of PR curves (50%) compared to all 

cases and completed cases. On completion of the study protocol there was an increase 

in the number of PR curves in completed cases. A similar pattern can be viewed in the
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completed cases with weight loss on initial presentation. There was an even spread in 

response curves at initial presentation and on completion the PR curve dominated 

with over 50% of patients displaying a PR response curve. In cases taking statin 

medication the PR response curve was also the more dominant curve at final visit 

compared to initial visit. The completed cases not taking statin medication did not 

demonstrate this pattern, at completion of the study the DC curve was displayed in 

over 40% of cases.

Table 2.14.15: Cases and controls divided into four groups based on apo B48 response

curve to physiological meal.

Response Curve Morphology
N BS PR DC BP

Controls 60 11 30 10 9
All cases initial visit 56 8 21 15 12
Completed cases initial visit 41 6 15 12 8
Completed cases final visit 41 3 21 12 4
Completed cases weight loss initial 
visit 21 5 5 6 5
Completed cases weight loss final visit 21 1 12 5 3
Completed cases no weight loss initial 
visit 20 1 10 6 3
Completed cases no weight loss final 
visit 20 2 9 7 2
Completed cases statin initial visit 24 4 10 6 4
Completed cases statin final visit 24 2 15 5 2
Completed cases no statin initial visit 17 2 5 6 4
Completed cases no statin final visit 17 1 6 7 3

BS- bellshaped curve, PR- peaked response curve, DC- delayed clearance response

curve, BP-biphasic response curve

The RLP-C time response curves were also divided into the same four groups as 

triglyceride and apo B48; BS (see figure 2.14.16), PR (see figure 2.14.17), DC (see 

figure 2.14.18), BP (see figure 2.14.19). However, interesting there was one case and 

two controls that demonstrated a decline in RLP-C concentration from fasting 

concentrations across the postprandial measurement.

Once again the classic BS curve was not the dominate curve response in any of the 

cohorts (see table 2.14.20). Exactly 50% of the control demonstrated a PR curve in 

response to physiological meal as opposed to all cases at initial visit, where the
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dominant curve was DC. On completion of the study the completed cases showed an 

increase in the PR curve and a decrease in the DC curve.

Figure 2.14.16: Example of the bellshaped response curve (BS) in apo RLP-C 

concentrations following physiological meal.
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Figure 2.14.17: Example of the peaked response curve (PR) in apo RLP-C 

concentrations following physiological meal.
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Figure 2.14.18; Example o f the delayed clearance response curve (DC) in apo RLP-C 

concentrations following physiological meal.
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Figure 2.14.19: Example o f  the biphasic response curve (BP) in apo RLP-C 

concentrations following physiological meal.
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Table 2.14.20; Cases and controls divided into four groups based on RLP-C response

curve to physiological meal.

R esp o n se  C urve M orphology
N BS PR DC BP NR

Controls 28 2 14 6 4 2
All ca ses  Initial visit 26 1 8 13 4 0
Completed ca se s  initial visit 17 1 5 8 3 0
Completed ca se s  final visit 17 0 9 3 4 1
Completed ca se s  statin initial 
visit 5 0 4 1 0 0
Completed ca se s  statin final visit 5 0 3 0 2 0
Completed ca se s  no statin initial 
visit 12 1 1 7 3 0
Completed ca se s  no statin final 
visit 12 0 6 3 2 1

BS- bellshaped curve, PR- peaked response curve, DC- delayed clearance response 

curve, BP-biphasic response curve, NR-non respond
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Figure A2.15: Triglyceride AUC in control and case cohort at 

initial and final measurement.

Controls
All cases initial visit 
Completed cases initial visit 
Completed cases final visit

Triglyceride A UC is plotted on the y  axis. The control, all cases at initial visit and 

completed cases at initial and fina l measurement are plotted on the x  axis.

Figure A2.16: Triglyceride AUC in completed case cohort 

divided into two groups based on the use of statin medication

Cases statin initial 
Cases statin final 
Cases no statin initial 
Cases no statin final

Triglyceride A UC is plotted on the y  axis. The completed cases divided into 2 groups 

based on statin medication are plotted on the x  axis.
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Figure A2.17: Scatter plots of small dense LDL (subtractions 
LDL 3-7), fasting triglyceride and triglyceride area under the 
curve in control cohort.
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Figure A2.18: Scatter plots of small dense LDL (subfractions 

LDL 3-7), fasting triglyceride and triglyceride area under the 

curve in completed cases at initial visit (n=41).
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Figure A2.19: Scatter plot of HDL-C fractions small and large, 

fasting triglyceride, triglyceride area under the curve, weight 

and apolipoprotein Al in control cohort.
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Figure A2.20: Scatter plot of HDL-C fractions small and large, 

fasting triglyceride, triglyceride area under the curve, weight 

and apolipoprotein Al in completed cases cohort initial visit 

(n=41)
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Figure A2.21: Scatter plot matrix of triglyceride AUC, fasting 

triglyceride, fasting HDL-C and body mass index in control 

cohort
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Figure A2.22: Scatter plot matrix of triglyceride AUC, fasting 

triglyceride, fasting HDL-C and body mass index in completed 

cases at Initial measurement
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Figure A2.23: Scatter piot matrix of trigiyceride iAUC, 

triglyceride concentrations at all time points and body mass 

index in control cohort.
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Figure A2.24: Scatter plot matrix of delta change (initial-final 

measurement) of triglyceride AUC, CRPhs (fasting), HbAlc  

and weight in completed cases.
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Figure A2.25: Scatter plot matrix of trigiyceride AUC, apo B48 

fasting concentrations, fasting HDL-C concentration and apo 

B48 AUC of controls, and all cases.
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Appendix 3: Additional control and case result information
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Table A3.1: All cases at initial visit (n=56) fasting and post 

standard physiological meal analyte concentrations.

Analyte Fasting Two hours Four hours Six hours
X ± S D X ± S D X ± S D X ± S D

Triglycerides
(mmol/L) 2.21 ± 1.92 2.79 ±2.12 3.12 ±2.32 2.81 ± 2.27

Glucose (mmol/L) 8.5 ±2 .3 11.1 ± 3.5 8.2 ±2 .9 6.9 ±2 .3

Cholesterol
(mmol/L) 4.60 ± 1.16 4.40 ± 1.07 4.42 ± 1.09 4.50± 1.12

HDL-C (mmol/L) 1.23 ±0.32 1.17± 0.31 1.17 ±0.30 1.19±0.31

LDL-C (mmol/L) 2.91 ± 0.92 2.72 ± 0.83 2.73 ± 0.85 2.75 ± 0.84

Apo A! (g/dl) 1.37 ±0.26 1.32 ±0.23 1.31 ± 0.24 1.35 ±0.25

Apo All (g/dl) 0.33 ± 0.06 0.31 ± 0.05 0.31 ± 0.06 0.34 ± 0.09

Apo B (g/dl) 0.94 ± 0.25 0.91 ± 0.23 0.91 ± 0.24 0.92 ± 0.25

Lipoprotein (a) (g/dl) 19.1 ± 26.8 18.5 ± 25.3 18.4 ±25.3 17.6 ±23.2

CRPhs (mg/di) 5.88 ± 8.35 5.75 ± 7.86 5.77 ± 7.86 5.82 ± 7.85

NEFA (mmol/L) 0.74 ± 0.26 0.32 ± 0.20 0.46 ± 0.23 0.71 ±0.32

Insulin (mU/L) 12.74 ±7.05 48.87 ±24.51 26.07 ± 15.86 15.40 ±9.02

C peptide (ug/L) 1.89 ± 1.47 4.19 ± 2.88 3.27 ± 1.99 2.46 ± 1.82
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Table A3.2: Completed case cohort (n=41) HDL and LDL 

subtraction results divided into two groups based on statin 

medication usage.

Initial Final

Analyte
No statin 

(n=17)
Statin
(n=24) p<0.05

No statin 
(n=17)

Statin
(n=24) p<0.05

X ± S D X + SD X ± S D X ± S D

VLDL-C (mg/dl) 31.53 ±19.1 26.58 ±7.55 NS 29.59 ± 12.92
24.92 ± 

10.27 NS

IDLC (mg/dl) 20.53 ± 9.27 18.46 ±5.36 NS 22.18 ±5.71 15.21 ±4.96 0.000
IDLB (mg/dl) 12.12 ±4.23 11.42±3.17 NS 12.00 ±3.48 10.00 ±3.04 0.025
IDLA (mg/dl) 13.24 ±5.26 12.46 ±4.15 NS 11.47 ±3.62 10.96 ±3.04 NS

LDL1 (mg/dl) 30.41 ± 10.50 30.58 ± 8.58 NS 28.82 ± 9.52 27.21 ±9.43 NS

LDL2 (mg/dl) 19.24 ±9.24 17.96 ±9.41 NS 23.24 ±9.16
17.58 ± 

10.16 0.039
LDL3 (mg/dl) 4.29 ± 6.26 3.04 ±5.18 NS 5.94 ± 6.12 3.21 ± 3.22 NS
LDL4 (mg/dl) 1.65 ±5.31 0.63 ± 1.91 NS 1.77 ±3.75 0.58 ±1.32 NS
LDL5 (mg/dl) 1.00 ±3.84 0.08 ±0.41 NS 0.47 ± 1.12 0.08 ±0.41 NS
LDL6 (mg/dl) 0.53 ±2.18 0 NS 0.06 ± 0.24 0 NS

LDL7 (mg/dl) 0.59 ±1.66 0 NS 0.12 ±0.49 0.13 ±0.61 NS

Mean LDL Size 267.59 ± 8.38
269.88 ± 

4.00 NS 266.47 ± 5.68
268.79 ± 

4.24 NS
% SdLDL 9.55 ± 16.48 5.44 ± 8.46 NS 11.80 ± 13.33 7.55 ±9.06 NS

HDL1 (mg/dl) 2.29 ± 2.20 3.21 ± 3.62 NS 1.88 ± 1.80 2.96 ±2.12 NS

HDL2 (mg/dl) 4.24 ± 3.63 5.08 ± 3.71 NS 3.53 ± 2.40 5.21 ±2.98 NS

HDL3 (mg/dl) 3.53 ±2.50 3.75 ± 2.40 NS 2.82 ± 1.74 4.38 ± 2.48 0.034

HDL4 (mg/dl) 4.94 ± 2.08 5.17 ± 2.44 NS 4.18 ± 1.74 5.17±2.18 NS

HDL5 (mg/dl) 5.82 ± 1.63 5.63 ± 1.69 NS 5.47 ± 1.77 5.42 ± 1.95 NS

HDL6 (mg/dl) 11.65 ±2.55 11.13 ±1.78 NS 11.59 ±3.99 10.58 ±2.96 NS

HDL7 (mg/dl) 4.24 ±0.75 3.75 ± 0.99 NS 4.12 ± 1.27 4.00 ±0.98 NS

HDL8 (mg/dl) 4.29 ±0.85 4.08 ± 1.25 NS 4.24 ± 1.39 4.08 ± 1.10 NS

HDL9 (mg/dl) 3.18 ±0.81 3.08 ± 1.32 NS 3.53 ± 1.66 3.00 ± 1.06 NS

HDL10 (mg/dl) 4.71 ±2.76 4.29 ± 3.26 NS 5.76 ±4.16 4.08 ± 3.28 NS

Large (mg/dl) 9.94 ± 7.81 11.96 ±9.50 NS 8.06 ± 5.70
12.35 ± 

6.35 NS
Intermediate
(mg/dl) 26.47 ±6.16 25.83 ±5.11 NS 25.41 ± 6.34 25.00 ± 5.47 NS

Small (mg/dl) 12.53 ±3.96 11.29 ± 5.34 NS 13.94 ±6.64 11.17 ±4.24 NS

Percentage sdLDL is calculated as a percentage o f  sub-fractions 3-7 o f  total sub

fractions 1-7. Groups are compared using Mann-Whitney U test, significance set as 

p<0.0. NS denotes not significant.
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Appendix 4: Control and cases subpopulation results for 

RLP-C and apolipoprotein E genotype analysis.
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Table A4.1: Control cohort fasting and post physiological 

meal results

Analyte Result
N 28

Age (yrs) 50.8 ± 3.86
Weight (kg) 70.84 ± 10.14
BMI (kg/m2) 24.55 ± 2.72
Gender 22 women 6 men
Triglyceride AUC 
(mmol/Hr/L-'') 10.53 ±5.07
Triglyceride iAUC 
(mmol/Hr/L-'') 2.34 ±2.18
SdLDL (mg/dl) 6.21 ± 9.55
% SdLDL (%) 8.4 ± 11.38
Large HDL (mg/dl) 13.75 ±8.7
Intermediate HDL (mg/dl) 29.39 ±8.81
Small HDL (mg/dl) 18.04 ± 5.14
HbA1c(%) 5.17 ± 0.34
HOMA-IR 0.95 ± 0.68

F 2 4 6
X± S D X± S D X ± S D X± SD

Triglycerides (mmol/L) 1.36 ±0.63 1.91 ±0.9 1.91 ± 1.04 1.51 ± 0.84
Glucose (mmol/L) 4.91 ± 0.36 4.5 ± 0.44 4.85 ±0.26 4.79±0.27
Cholesterol (mmol/L) 5.34 ± 0.72 4.92 ± 0.66 4.91 ±0.59 4.95 ± 0.56
HDL (mmol/L) 1.6 ±0.41 1.47 ± 0.42 1.49 ± 0.42 1.54 ± 0.45
LDL (mmol/L) 3.56 ±0.81 3.24 ± 0.64 3.24 ± 0.64 3.3 ±0.63
Apo Al (g/dl) 1.68 ±0.3 1.58 ±0.27 1.57 ±0.31 1.57 ±0.31
Apo All (g/dl) 0.37 ±0.07 0.33 ± 0.06 0.34 ± 0.60 0.33 ± 0.06
Apo B (g/dl) 1.08 ±0.23 0.99 ± 0.22 0.99 ± 0.20 0.99 ± 0.20
Lp (a) (g/dl) 22.06 ± 20.94 20.26 ± 18.93 19.88 ± 18.63 20.5 ± 18.58
CRPhs (mg/dl) 1.48 ± 1.63 1.38 ± 1.5 1.46 ± 1.51 1.41 ± 1.49
NEFA (mmol/L) 0.47 ±0.18 0.25 ± 0.09 0.43 ± 0.14 0.73 ±0.19
Insulin (mU/L) 4.24 ± 2.76 12.45 ±7.40 9.60 ± 17.99 3.57 ± 2.46
C peptide (ug/L) 1.58 ±0.72 3.86 ± 1.69 2.34 ± 1.52 1.56 ±0.72

Results are expressed as mean ± standard deviation. F=fasting, 2=two hour, 4=four 

hour and 6=six hour post physiological meal. . Small dense LDL is denoted by sdLDL 

and calculated by addition o f  fractions 3-7. Percentage sdLDL is calculated as a 

percentage o f sub-fractions 3-7 o f total sub-fractions 1-7.
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Table A4.2: All cases at Initial measurement fasting and post 

physiological meal results

Analyte Result
N 26

Age (yrs) 57 ± 9
Weight (kg) 87 ± 14.37
BMI (kg/m2) 30.82 ± 4.83
Gender 10 women 16 men
Triglyceride AUC 
(mmol/Hr/L-’) 18.67 ± 16.93
Triglyceride iAUC 
(mmol/Hr/L-^) 3.37 ± 3.74
SdLDL (mg/dl) 11.58 ± 17.03
% SdLDL {%) 14.60 ± 16.05
Large HDL (mg/dl) 8.04 ± 7.02
Intermediate HDL (mg/dl) 24.50 ± 7.63
Small HDL (mg/dl) 14.50 ±5.89
HbA1c(%) 8.12 ± 1.73
HOMA-IR 5.29 ± 3.80

F 2 4 6
X ± S D X ±  SD X ± S D X ± S D

Triglycerides (mmol/L) 2.55 ± 2.54 3.03 ±2.8 3.47 ± 3.01 3.11 ±2.92
Glucose (mmol/L) 8.64 ± 2.6 10.79 ±3.68 8.4 ± 3.27 7.22 ± 2.67
Cholesterol (mmol/L) 4.89 ± 1.28 4.67 ± 1.16 4.72 ± 1.17 4.8 ± 1.19
HDL (mmol/L) 1.21 ± 0.3 1.41 ± 0.31 1.15± 0.31 1.18 ±0.31
LDL (mmol/L) 3.08 ± 0.91 2.85 ± 0.70 2.86 ± 0.83 2.9 ± 0.79
Apo Al (g/dl) 1.34 ±0.26 1.28 ±0.24 1.26 ±0.24 1.31 ± 0.24
Apo All (g/dl) 0.32 ± 0.05 0.30 ±0.05 0.30 ± 0.4 0.31 ± 0.04
Apo B (g/dl) 0.99 ± 0.25 0.95 ± 0.23 0.95 ±0.22 0.97 ± 0.23
Lp(a) (g/dl) 27.32 ± 34.67 25.17 ±31.5 25.7 ±32.1 24.89 ±30.1
CRPhs (mg/dl) 4.52 ± 7.34 4.45 ± 7.24 4.61 ± 7.57 4.82 ± 7.76
NEFA (mmol/L) 0.73 ± 0.30 0.32 ± 0.26 0.49 ± 0.29 0.75 ± 0.36
Insulin (mU/L) 13.75 ±8.85 47.59 ± 28.74 21.35 ± 12.39 12.75 ±8.67
C peptide (ug/L) 2.09 ± 1.45 4.80 ± 3.20 3.37 ± 2.04 2.49 ± 1.88

Results are expressed as mean ± standard deviation. F=fasting, 2=two hour, 4=four

hour and 6=six hour post physiological meal. . Small dense LDL is denoted by sdLDL 

and calculated by addition of subfractions 3-7. Percentage sdLDL is calculated as a 

percentage of subfractions 3-7 of the total subfractions 1-7.
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Table A4.3: Completed cases initial measurement fasting and 

post physiological meal results

Analyte Result
N 17

Age (yrs) 57 ±9.3
Weight (kg) 86.04 ± 16.06
BMI (kg/m2) 30.28 ±5.39
Gender 7 women 10 men
Triglyceride AUC 
(mmol/Hr/L-’ ) 18.54 ± 19.57
Triglyceride iAUC 
(mmol/Hr/L-'') 1.97 ±2.35
SdLDL (nng/dl) 10.82 ± 18.53
% SdLDL (%) 13.35 ± 16.84
Large HDL (mg/di) 9.88 ± 7.84
Intermediate HDL (mg/dl) 26.23 ± 6.26
Small HDL (mg/dl) 13.12 ±3.82
HbA1c(%) 9.0 ± 1.4
HOMA-IR 5.41 ± 3.80

F 2 4 6
X t S D X ± S D X ± S D X ± S D

Triglycerides (mmol/L) 2.76 ± 3.04 3.1 ±3.32 3.27 ±3.4 3.04 ± 3.27
Glucose (mmol/L) 9.70 ±2.61 12.39 ± 3.24 9.90 ± 3.09 8.30 ± 2.69
Cholesterol (mmol/L) 5.00 ± 1.24 4.70 ± 1.24 4.70 ± 1.05 4.78 ± 1.10
HDL (mmol/L) 1.29 ±0.32 1.21 ± 0.33 1.24 ±0.32 1.24 ±0.35
LDL (mmol/L) 3.03 ±0.79 2.80 ± 0.67 2.83 ± 0.63 2.84 ± 0.69
Apo Al (g/dl) 1.40 ± 0.27 1.34 ± 0.24 1.34 ± 0.23 1.35 ± 0.25
Apo All (g/dl) 0.33 ± 0.04 0.30 ± 0.04 0.31 ±0.03 0.31 ± 0.03
Apo B (g/dl) 0.96 ± 0.23 0.91 ±0.19 0.93 ±0.18 0.94 ± 0.19
Lp (a) (g/dl) 30.98 ±41.28 28.28 ± 37.79 28.94 ± 38.35 27.91 ± 35.71
CRPhs (mg/dl) 5.34 ± 8.94 5.25 ± 8.8 5.44 ± 9.21 5.58 ± 9.37
NEFA (mmol/L) 0.77 ± 0.30 0.33 ± 0.03 0.44 ± 0.29 0.73 ± 0.39
Insulin (mU/L) 12.48 ±7.58 40.5 ±27.54 19.35 ± 10.11 13.03 ±7.7
C peptide (ug/L) 1.73± 1.15 4.14 ±2.5 3.18 ± 1.88 2.28 ± 1.44

Results are expressed as mean ± standard deviation. F=fasting, 2=two hour, 4=four

hour and 6=six hour post physiological meal. Small dense LDL is denoted by sdLDL 

and calculated by addition o f  subfractions 3-7. Percentage sdLDL is calculated as a 

percentage o f  subfractions 3-7 o f  the total subfractions 1-7.
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Table A4.4: Completed cases initial measurement fasting and 

post physiological meal results

Analyte Result
N 17

Age (yrs) 57.8 ± 9.3
Weight (kg) 86.26 ± 15.33
BMI (kg/m2) 30.35 ±5.01
Gender 7 women 10 men
Triglyceride AUC 
(mmol/Hr/L-’') 16.1 ± 10.4
Triglyceride iAUC 
(mmol/Hr/L-'') 2.84 ± 3.44
SdLDL (mg/dl) 8.88 ± 10.53
% SdLDL (%) 13.04 ± 14.71
Large HDL (mg/dl) 7.94 ± 5.62
Intermediate HDL (mg/dl) 23.71 ±6.77
Small HDL (mg/dl) 15.53 ±5.78
HbA1c(%) 6.6 ±0.7
HOMA-IR 3.97 ± 2.36

F 2 4 6
X ± S D X ± S D X ± S D X ± S D

Triglycerides (mmol/L) 2.21 ± 1.35 2.51 ± 1.72 3.05 ± 1.91 2.8 ± 1.98
Glucose (mmol/L) 6.96 ± 0.97 9.37 ± 1.59 6.28 ± 1.69 5.47 ± 1.24
Cholesterol (mmol/L) 4.82 ± 0.76 4.53 ± 0.75 4.58 ± 0.71 4.64 ± 0.79
HDL (mmol/L) 1.22 ±0.26 1.16 ±0.23 1.16 ±0.25 1.17 ±0.26
LDL (mmol/L) 3.10 ± 0.76 2.90 ± 0.65 2.89 ± 0.65 2.94 ± 0.66
Apo Al (g/dl) 1.43 ± 0.29 1.36 ± 0.24 1.35 ± 0.26 1.35 ±0.22
Apo All (g/dl) 0.33 ± 0.05 0.30 ± 0.05 0.30 ± 0.05 0.31 ± 0.04
Apo B (g/dl) 1.04 ±0.17 0.97 ± 0.17 0.97 ±0.15 0.98 ±0.17
Lp (a) (g/dl) 30.64 ±40.93 29.36 ± 39.48 30.34 ±41.89 30.13 ±41.56
CRPhs (mg/dl) 2.71 ±3.11 2.69 ± 3.32 2.77 ± 3.52 2.85 ±3.75
NEFA (mmol/L) 0.63 ± 0.28 0.26 ±0.19 0.37 ± 0.17 0.68± 0.28
Insulin (mU/L) 12.91 ± 7.36 51.11 ±31.93 24.67 ± 18.17 12.55 ±7.47
C peptide (ug/L) 1.53 ± 0.97 3.90 ± 1.99 3.25 ±2.13 2.01 ± 1.23
F=fasting, 2=two hour, 4=four hour and 6=six hour post physiological meal. . Small

dense LDL is denoted by sdLDL and calculated by addition o f  subfractions 3-7. 

Percentage sdLDL is calculated as a percentage o f subfractions 3-7 o f the total 

subfractions 1-7.

Controls were compared to all cases at initial visit to determine statistically significant 

results using Mann-Whitney U Test. Controls demonstrated significant differences
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from all cases in age (C/=203, z=-2.794,/?=0.005, r=0.38), BMI (C/=67, z=-5.142,/?=0, 

r=0.4), weight (J7=133, z=-3.999,/7=0,7^0.54),

Controls had significantly lower triglyceride AUC (C/=230, z=-2.320, /»=0.020, 

r=0.32), lower fasting NEFA concentrations (J7=169, z=-3.376,j!7=0.001, r=0.46) with 

lower fasting triglyceride {U=115, z=-2.407,/?=0.016, ;^0.33) and four and six hour 

triglyceride concentrations than the all cases at the initial visit. All cases at the initial 

visit had significantly lower fasting LDL-C concentrations (t/=234.5, z=-2.242, 

p=0.025, 7-0.31) and fasting cholesterol concentrations (t/=240, z=-2.147, /?=0.032, 

r=0.29) than control cohort.

As expected the glycaemic control was significantly better in the control cohort 

reflected by lower HOMA-IR {U=A\, z=-5.591,p=Q, r=0.84), HbAlc {U=A, z=-6.240, 

p=Q, 7'=0.85), fasting glucose concentrations (t/=4.000, z=-6.240, p=Q, r=0.84), 

fasting C peptide concentrations (J7=243.5, z=-2.087, /?=0.037, 7-=0.28) and fasting 

insulin concentrations (C/=75, z=-5.004, p=0, r=0.68) as well as glucose and insulin 

concentrations post the physiological meal at two, four and six hours and C peptide 

concentrations at four.

The HDL-C concentrations were significantly higher in the control cohort at fasting 

(J7=182.5, z=-3.143,/?=0.002, /'=0.43), two four and six hours when compared to all 

cases at the initial visit. The cases had significantly lower large HDL subfractions 

{U=\99, z=-2.865, p=0.004, r=0.39), intermediate HDL subfractions (t/=244, z=- 

2.082, p=0.037, 7^0.28) and small HDL subfractions (C/=213.5, z=-2.613, /7=0.009, 

7^0.36) than the control cohort. Fasting apo AI (J7=137, z=-3.391, jD=0, r^O.53), and 

apo All ((7=228.5, z=-2.351, p=0.019, 7^0.32) concentrations were significantly 

higher in the control cohort. Apo AI and apo A ll concentrations at two and four hours 

and apo AI concentrations at six hours post the physiological meal were also 

significantly higher in the control population.

Finally all cases at the initial visit had significantly higher fasting CRPhs 

concentrations ((7=215.5, z=-2.584,/?=0.010, r=0.28) than the control cohort. CRPhs 

at two, four and six hours were also significantly higher in the completed cases 

cohort.
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A Wilcoxon Signed Rank Test was used to determine statistical significant 

improvement in the completed cases at study completion. On completion of the study 

completed cases demonstrated a significant improvement in HbAlc (z=-3.464, 

jo=0.001, r=0.59), fasting NEFA concentrations (z=-2.012, /?=0.044, r=0.35) and 

glucose concentrations at fasting (z=-3.195,/>=0.001, r=0.55), two hours (z=-3.051, 

/>=0.002, r=0.52), four hours (z=-3.413, />=0.001, r=0.59) and six hours (z=-3.624, 

p=0, r=0.62) post physiological meal.

There was a significant increase in triglyceride incremental AUC (z=-2.769,/»=0.006, 

r=0.48) at study completion with a rise in median from 1.8 mmol/Hr/L-' to 2.95 

mmoI/Hr/L-'. There was a significant decrease in intermediate HDL subfi"action 

concentration (z=-1.974, /)=0.048, 7^0.34) from a median of 25 mg/dl to 23 mg/dl at 

completion.
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Table A4.5: Completed cases (n=17) Initial and final visit 

measurements divided Into two cohorts based on presence of 

E3/E3 genotype

C om ple ted  cases N=17

In itia l V is it F ina l V is it

E3/E3 non  E3/E3 E3/E3 non  E3/E3

N 10 7 10 7

A n a ly te s X ± S D X ± S D X ± S D X ± S D

Age 56.1 ±9.3 58.6 ± 9.9 56.8 ±9.2 59.3 ± 9.9

W eight (kg) 86.1 ± 17.0 86.0 ± 16.0 86.4 ± 15.6 86.1 ± 16.2

BMI (kg/m2) 30.1 ±4.6 30.5 ± 6.8 30.3 ±4.2 30.5 ± 6.4

HOMA-IR 4.58 ±4.13 6.59 ±3.19 3.65 ±2.15 4.43 ± 2.73

H bA 1c(% ) 8.5 ±1.2 9.7 ± 1.6 6.4 ±0.5 6.9 ±0.8
Triglyceride AUC 
(mmol/Hr/L"') 20.88 ±25.15 15.21 ±8.33 15.88 ± 10.78 16.40 ± 10.68
Triglyceride iAUC 
(m m ol/H r/L ’ ) 1.96 ±2.85 1.95 ± 1.61 2.94 ± 4.47 2.69 ± 1.30

Apo B48 AUC (ug/H r/m P) 97.81 ± 64.57 68.88 ± 27.65
132.64 ± 

108.66 103.00 ± 57.85

Apo B48 iAUC (|jg/Hr/m r^) 45.78 ±43.84 18.92 ±23.76 28.23 ±49.33 17.14 ±44.85
Triglyceride (mmol/L) 3.15 ±3.87 2.21 ±1.28 2.16 ± 1.22 2.29 ± 1.61

RLP-C AUC (mg/Hr/dl'^)
155.22 ± 

254.29 94.68 ± 78.40
105.23 ± 

103.29 95.99 ±92.31
RLP-C (mg/dl) 25.60 ±47.41 16.10 ± 16.46 15.94 ± 14.58 17.75 ±22.31

HDL-C (mmol/L) 1.38 ±0.35 1.17 ±0.24 1.26 ±0.30 1.16±0.19

LDL-C (mmol/L) 3.04 ± 0.43 3.01 ± 1.18 3.34 ± 0.46 2.74 ± 1.00

Cholesterol (mmol/L) 5.31 ± 1.34 4.51 ±1.00 5.05 ±0.61 4.51 ± 0.88

Insulin AUC (m U/Hr/L"') 137.70 ±80.66
155.92 ± 

86.92 158.85 ±94.34
202.64 ± 

121.22

C peptide AUC (ug/Hr/L ') 21.85 ± 11.01 14.07 ±9.86 19.44 ±9.01 15.77 ± 10.29

Glucose (mmol/L) 9.27 ± 2.45 10.27 ±2.91 6.91 ± 1.17 7.04 ± 0.66

NEFA (mmol/L) 0.78 ±0.37 0.76 ±0.17 0.64 ± 0.36 0.62 ± 0.13

Apo Al (g/dl) 1.45 ±0.30 1.32 ±0.23 1.48 ±0.34 1.38 ±0.19

Apo A ll (g/dl) 0.34 ± 0.04 0.31 ±0.05 0.33 ±0.06 0.32 ±0.05

Apo B (g/dl) 0.99 ± 0.20 0.91 ±0.28 1.08 ±0.16 0.98 ±0.17

CRPhs (mg/dl) 4.11 ± 5.52 7.10 ± 12.70 2.27 ±2.59 3.34 ± 3.86

SdLDL (mg/dl) 14.60 ±23.72 5.43 ± 3.78 10.20 ±12.66 7.00 ± 6.98

% SdLDL 15.82 ±21.45 9.83 ± 6.46 13.18 ± 15.89 12.85 ± 14.07

Large HDL (mg/dl) 11.40 ±9.26 7.71 ±5.09 7.30 ±5.76 8.86 ± 5.73

Intermediate HDL (mg/dl) 27.90 ± 6.94 23.86 ±4.60 24.20 ±8.12 23.00 ±4.73

Small HDL (mg/dl) 12.60 ±4.50 13.86 ±2.73 17.20 ±5.61 13.14 ±5.52

Fasting concentrations o f  analytes used with the exception o f  AUC. Small dense LDL  

is denoted by sdLDL and calculated by addition o f  fractions 3-7. Percentage sdLDL is 

calculated as a percentage o f  sub-fractions 3-7 o f  tota l sub-fractions 1-7.
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Appendix 5: Statistical analysis results
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Table A5.1: Friedman Test results to determine differences in 

analyte concentration at the four measurement time points in 

control cohort

Analyte N P Fasting
Median 

2 hour 4 hour 6 hour
Triglyceride
(mmol/L) 60 89.1 0 1.38 1.91 1.98 1.66
Glucose (mmol/L) 60 10.6 0.01 5.1 4.85 4.9 4.9

Cholesterol (mmol/L) 60 50.8 0 5.09 4.88 4.9 4.91

HDL (mmol/L) 60 76 0 1.415 1.28 1.3 1.32

LDL (mmol/L) 60 80.2 0 3.34 3.145 3.1 3.1

Apo Al (g/dl) 60 29 0 1.47 1.41 1.42 1.41

Apo All (g/dl) 60 39.9 0 0.355 0.32 0.32 0.315

Apo B (g/dl) 60 33.6 0 1 0.945 0.955 0.955

CRPhs (mg/dl) 60 14.4 0.002 1.8 1.6 1.8 1.65

NEFA (mmol/L) 60 118 0 0.515 0.252 0.45 0.6795

Insulin (mU/L) 60 117 0 5.84 15.35 9.04 4.9
Lipoprotein (a) (g/dl) 60 24 0 15.65 14.55 12.65 15.3
C peptide (ug/L) 60 125 0 1.5 3.45 2.06 1.34

Significance is set at p<0.005.
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Table A5.2: Friedman Test results to determine differences in 

analyte concentration at the four measurement time points in 

completed cases at initial measurement

Analyte N P

Median
Fasting 2 hour 4 hour 6 hour

Triglyceride (mmol/L) 41 53.682 0 1.41 2.07 2.03 1.99
Glucose (mmol/L) 41 79.722 0 8.8 11.6 8.6 7
Cholesterol (mmol/L) 41 30.681 0 4.36 4.2 4.35 4.16
HDL (mmol/L) 41 41.887 0 1.23 1.17 1.21 1.17
LDL (mmol/L) 41 36.23 0 2.88 2.73 2.7 2.73
Apo Al (g/dl) 41 13.653 0.003 1.44 1.34 1.35 1.37
Apo Al! (g/dl) 41 25.981 0 0.34 0.3 0.31 0.32
Apo B (g/dl) 41 19.594 0 0,92 0.88 0.9 0.88
CRPhs (mg/dl) 41 9.678 0.022 3.9 3.6 3.7 3.8
NEFA (mmol/L) 41 79.68 0 0.779 0.243 0.357 0.584
Insulin (mU/L) 41 96.132 0 12.5 47.3 23.8 14.7
Lipoprotein (a) (g/dl) 41 4.136 0.247 10.5 9.5 9.5 9.5
C peptide (ug/L) 41 79.75 0 1 3.48 2.79 1.8

Significance is set at p<0.005.

Table A5.3: Friedman Test results to determine differences in 

analyte concentration at the four measurement time points in 

completed cases at final measurement

Analyte N P Fasting
Median 

2 hour 4 hour 6 hour
Triglyceride
(mmol/L) 41 57.088 0 1.6 1.8 2.39 2.21
Glucose (mmol/L) 41 88.123 0 7 9.3 5.9 5
Cholesterol (mmol/L) 41 19.102 0 4.31 4.15 4.16 4.23
HDL (mmol/L) 41 23.439 0 1.22 1.17 1.19 1.18
LDL (mmol/L) 41 41.621 0 2.55 2.41 2.39 2.44
Apo Al (g/dl) 41 6.414 0.093 1.45 1.41 1.4 1.42
Apo All (g/dl) 41 11.741 0.008 0.33 0.32 0.32 0.32
Apo B (g/dl) 41 19.171 0 0.88 0.83 0.87 0.88
CRPhs (mg/dl) 41 3.871 0.276 2.3 2.3 2.5 2.5
NEFA (mmol/L) 41 83.46 0 0.613 0.268 0.374 0.609
Insulin (mU/L) 41 85.61 0 12.0 41.0 19.9 13.4
Lipoprotein (a) (g/dl) 41 5.673 0.129 9.98 10.1 9.78 8.88
C peptide (ug/L) 41 66.943 0 0.98 2.9 1.89 1.2
Significance is set a tp<0.005.
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Table A5.4: Mann-Whitney U test results of significant 

differences between the control and case cohorts LDL 

subfraction results

All
cases
initial

Controls visit

Completed 
Cases 

Controls initial visit

Completed 
cases final 

Controls visit
N 60 56 60 41 60 41

Analyte LDL1 (mg/di) LDL1 (mg/di) LDL1 (mg/dl)
Median 35.5 30 35.5 30.5 35.5 26

U 1031 887 697.5
Z -3.589 -2.734 -3.685
P 0 0.018 0
r 0.33 0.23 0.37

Analyte IDLA (mg/dl) IDLA (mg/di) IDLA (mg/dl)
Median 14 1 11 14 12 14 10

U 1088.5 921.5 728
Z -3.278 -2.14 -3.48
P 0.001 0.032 0.001
r 0.3 0.21 0.35

Analyte IDLC (mg/dl)
Median 20 17

U 878
Z -2.439
P 0.015
r 0.24

The statistical significance is set at p<0.05.
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Table A5.5: Spearman product-moment correlation results for 

small and large HDL-C subtractions in all cohorts

Controls
All cases initial 

visit

Completed  
cases initial 

visit

Completed  
Cases Final 

visit
N 60 56 41 41

Large HDL-C (mg/dl)
Analyte rho P rho P rho P rho P

TGAUC -0.633 0 -0.715 0 -0.789 0 -0.604 0
Gender -0.514 0 -0.347 0.009 -0.261 0 -0.481 0.001

Apo Al 
Fasting 0.616 0 0.57 0 0.553 0 0.531 0

Triglyceride
Fasting -0.611 0 -0.692 0 -0.778 0 -0.607 0

HDL-C
fasting 0.762 0 0.663 0 0.782 0 0.683 0

Small HDL-C (mg/dl)
Analyte rho P rho P rho P rho P

Weight -0.552 0 0.06 0.65 0.022 0.891 -0.041 0.8
BMI -0.674 0 0.042 0.76 -0.027 0.869 -0.135 0.4

HbA1c -0.562 0 -0.013 0.92 0.132 0.412 -0.271 0.09

Apo Al 
Fasting 0.49 0 -0.042 0.76 0.04 0.806 0.199 0.21

HDL-C
Fasting 0.438 0 0.03 0.83 -0.02 0.902 0.106 0.51

Spearman product correlation coefficient result is represented by rho. Significance is 

p<0.005
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Table A5.6: Mann-Whltney U test results of significant 

differences between the control and case cohorts for HDL 

subfractions

All cases initial 
Controls visit

Completed cases 
Controls final visit

N 60 56 60 41
Analyte HDL1 (mg/di)
Median 3 2

U 1302
z -2.116
P 0.034
r 0.21

Analyte HDL2 (mq/dl)
Median 5 3

U 1251.5
z -2.382
P 0.017
r 0.22

Analyte HDL3 (mg/di)
Median 4 3

U 1317.5
z -2.215
P 0.027
r 0.21

Analyte HDL4 (mg/di)
Median 5 4

U 1317.5
z -2.027
P 0.043
r 0.19

Analyte HDL5 {mg/di) HDL5 (mg/dl)
Median 6 5 6 5

U 1212 927.5
z -2.629 -2.125
P 0.009 0.034
r 0.24 0.21

Analyte Large HDL (mg/dl)
Median 11 7.5

U 1246.5
z -2.4
P 0.016
r 0.22

The statistical significance is set atp<0.05.
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Table A5.7: Mann-Whitney U test results of significant 

differences within the completed case cohort finai visit based 

on the use of statin medication

No statin final
visit Statin final visit

N 17 24
Analyte HbA1c(%)
Median 6.4 6.95

U 120
z -2.227

P 0.026
r 0.348

Analyte Apo B (g/dl) Fasting
Median 0.96 0.75

U 122
z -2.171
P 0.03
r 0.339

Analyte Cholesterol (mmol/L) Fasting
Median 4.47 3.93

U 99.5
z -2.766
P 0.006
r 0.432

Analyte LDL-C (mmol/L) Fasting
Median 2.89 2.24

U 110.5
z -2.474
P 0.013
r 0.386

Analyte Triglyceride (mmol/L) 4hr
Median 3.14 1.68

U 118.5
z -2.263
P 0.024
r 0.353

Analyte Triglyceride (mmol/L) 6hr
Median 2.59 1.49

U 124.5
z -2.104
P 0.035
r 0.329

The statistical significance is set a tp<0.05.
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Table A5.8: Mann-Whitney U test results of significant 

differences within the completed case cohort final visit based 

on the use of statin medication for HDL and LDL subfractions

No statin Statin final 
final visit visit

N 17 24
Analyte IDL-C (mg/dl)
Median 21 15

U 65.5
z -3.679
P 0
r 0.35

Analyte IDL-B (mg/dl)
Median 21 15

U 120
z -2.238
P 0.025
r 0.57

Analyte LDL2 (mg/dl)
Median 22 14

U 126
z -2.067

P 0.039
r 0.323

Analyte HDL3 (mg/dl)
Median 2 4

U 124.5
z -2.126
P 0.034
r 0.332

The statistical significance is set atp<0.05.
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Table A5.9: Spearman product-moment correlation coefficient 

results for triglyceride AUC across all cohorts

Controls
All cases Initial 

visit
Completed cases 

initial visit
Completed  

Cases Final visit
N 60 56 41 41

Triglyceride AUC (mmol/Hr/L-’ )
Analyte rho P rho P rho P rho P

Fasting
Triglyceride
(mmol/L) 0.934 0 0.932 0 0.924 0 0.885 0

Triglyceride 
2 hour 
(mmol/L) 0.971 0 0.957 0 0.944 0 0.956 0

Triglyceride 
4 hour 
(mmol/L) 0.974 0 0.968 0 0.971 0 0.969 0

Triglyceride 
6 hour 
(mmol/L) 0.894 0 0.947 0 0.929 0 0.936 0

Fasting
HDL-C
(mmol/L) -0.516 0 -0.47 0 -0.67 0 -0.686 0

Apo Al 
Fasting -0.391 0.002 -0.323 0.015 -0.406 0.008 -0.532 0

Large HDL 
(mg/dl) -0.633 0 -0.715 0 -0.789 0 -0.604 0

Apo B 
fasting
(g/di) 0.455 0 0.455 0 0.322 0.04 0.565 0

Insulin
(mU/L)
fasting 0.394 0.002 0.419 0 0.457 0.003 0.504 0.001

BMI
(kg/m2) 0.208 0.111 0.404 0.002 0.507 0.001 0.508 0.001

sdLDL(g/dl) 0.271 0.036 0.497 0 0.411 0.008 0.544 0
HOMA-IR 0.414 0.001 0.353 0.008 0.374 0.016 0.501 0.001

Spearman product correlation coefficient is represented by rho. Significance is 

p<0.005.
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Table A5.10: Spearman product-moment correlation

coefficient results for triglyceride IAUC across all cohorts.

Controls
All cases initial 

visit
Com pleted cases 

initial visit
Completed  

Cases Final visit
N 60 56 41 41

Triglyceride iAUC (mmol/Hr/L-^)
Analyte rho P rho P rho P rho P

Fasting
Triglyceride
(mmol/L) 0.559 0 0.337 0.011 0.28 0.076 0.473 0.002

Triglyceride 
2 hour 
(mmol/L) 0.769 0 0.611 0 0.558 0 0.689 0

Triglyceride 
4 hour 
(mmol/L) 0.807 0 0.677 0 0.64 0 0.868 0

Triglyceride 
6 hour 
(mmol/L) 0.751 0 0.605 0 0.558 0 0.826 0

Fasting
HDL-C
(mmol/L) -0.415 0.001 -0.239 0.076 -0.294 0.062 -0.451 0.003

Apo Al 
Fasting -0.323 0.012 -0.184 0.174 -0.124 0.44 -0.404 0.009

Large HDL 
(mg/dl) -0.453 0 -0.328 0.014 -0.263 0.097 -0.358 0.021

Apo B 
fasting 
(g/di) 0.202 0.122 0.211 0.118 0.023 0.887 0.305 0.053

Insulin
(mU/L)
fasting 0.451 0 0.166 0.223 0.26 0.1 0.199 0.213

BMI
(kg/m2) 0.186 0.155 0.19 0.16 0.217 0.173 0.349 0.025

sdLDL(g/dl) 0.079 0.55 0.097 0.479 -0.105 0.515 0.264 0.095
HOMA-IR 0.457 0 0.101 0.459 0.237 0.135 0.17 0.287

Spearman product correlation coefficient is represented by rho. Significance is 

p<0.005
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Table A5.11: Mann-Whitney U Test results for controls and all 

cases at Initial measurement

Analyte

Mann- 
Whitney U 

test 
parameters Fasting Two Hours Four Hours Six Hours

Median
Controls

1.38

All
cases
1.54

Controls
1.91

All
cases
2.23

Controls
1.98

All
cases
2.44

Controls
1.66

All
case
2.09

U 1261 1342.5 1249 1149
z -2.312 -1.865 -2.379 -2.934

Triglycerides P 0.021 0.062 0.017 0.003
(mmol/L) r 0.215 0.173 0.221 0.272

Median

Controls

5.1

All
cases

8.3

Controls

4.9

All
cases

11.1

Controls

4.9

All
cases

7.4

Controls

4.9

All
case

6.3
U 98.5 92.5 244 414
z -8.748 -8.774 -7.94 -7.007

Glucose
(mmol/L)

P
r

0
0.812

0
0.815

0

0.737
0

0.65

Median

Controls

1.42

All
cases

1.21

Controls

1.28

All
cases

1.13

Controls

1.3

All
cases

1.17

Controls

1.32

All
case

1.14
U 1249.5 1296.5 1328 1309
z -2.379 -2.119 -1.945 -2.05

HDL P 0.017 0.034 0.052 0.04
(mmol/L) r 0.22 0.197 0.181 0.19

Median
Controls

3.34

All
cases

2.9
Controls

3.15

All
cases
2.74

Controls
3.1

All
cases
2.71

Controls
3.11

All
case
2.76

U 1202 1228 1269 1241
z -2.641 -2.497 -2.271 -2.426

LDL P 0.008 0.013 0.023 0.015
(mmol/L) r 0.245 0.232 0.211 0.225

Median

Controls

1.47

All
cases

1.36

Controls

1.41

All
cases

1.31

Controls

1.42

All
cases

1.3

Controls

1.41

All
case

1.36
U 1213 1255 1246.5 1464
z -2.58 -2.346 -2.395 -1.194

P 0.01 0.019 0.017 0.233
Apo Al (g/dl) r 0.24 0.219 0.222 0.111

CRPhs
(mg/dl) Controls

All
cases Controls

All
cases Controls

All
cases Controls

All
case

Median 1.8 3.4 1.6 3.2 1.8 3.2 1.7 3.2
U 1186.5 1149 1179 114
z -2.728 -2.935 -2.769 -2.946

P 0.006 0.003 0.006 0.002
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r 0.253 0.273 0.257 0.285
All All All All

Controls c a se s Controls c a se s Controls c ases Controls c ases

Median 5.52 7.05 15.35 46.67 13.73 23.4 4.9 13.9
U 801 712 565.5 570
z -4.857 -5.348 -6.158 -6.133

Insulin P 0 0 0 0
(mU/L) r 0.451 0.497 0.572 0.569

All All All All
Controls ca se s Controls cases Controls cases Controls c a se s

Median 5.09 4.44 4.88 4.21 4.9 4.33 4.91 4.3
U 1044 1097.5 1113.5 1172
z -3.514 -3.219 -3.13 -2.807

Cholesterol P 0 0.001 0.002 0.005
(mmol/L) r 0.326 0.299 0.29 0.26

The statistical significance is set at p<0.05.
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Table A5.12: Mann-Whitney U test results of controls and 

completed cases initial measurement

Analyte

Mann- 
Whitney U 

test 
parameters Fasting Two Hours Four Hours Six Hours

Case Case Case Case
Control Initial Control initial Control initial Control Initial

Median 1.38 1.41 1.91 2.07 1.98 2.03 1.66 1.99
U 999.5 1053.5 1036 909.5
z -1.594 -1.221 -1.342 -2.217

Triglycerides P 0.111 0.222 0.18 0.027
(mmol/L) r 0.159 0.121 0.133 0.221

Case Case Case Case
Control initial Control Initial Control Initial Control initial

Median 5.1 8.8 4.9 11.6 4.9 8.6 4.9 7
U 47.5 15 95 233.5
z -8.191 -8.406 -7.558 -6.907

Glucose P 0 0 0 0
(mmol/L) r 0.815 0.8364 0.752 0.687

Case Case Case Case
Control initial Control initial Control initial Control initial

Median 5.09 4.4 4.9 4.2 4.9 4.4 4.9 4.2
U 703 722 736.5 768
z -3.645 -3.513 -3.226 -3.195

Cholesterol P 0 0 0.001 0.001
(mmol/L) r 0.363 0.35 0.321 0.318

Case Case Case Case
Control initial Control initial Control initial Control initial

Median 3.34 2.88 3.15 2.73 3.1 2.7 3.11 2.73
U 832 832.5 883 855
z -2.753 -2.749 -2.4 -2.593

LDL P 0.006 0.006 0.016 0.01
(mmol/L) r 0.274 0.274 0.239 0.259

Case Case Case Case
Control Initial Control Initial Control initial Control initial

Median 1.5 1 3.45 3.48 2.06 2.8 '1.34 1.8
U 1094.5 1132.5 938 996
z -0.937 -0.674 -2.02 -1.619

C peptide P 0.349 0.5 0.043 0.106
(ug/L) r 0.09 0.067 0.2 0.161

CRPhs Case Case Case Case
(mg/dl) Control initial Control Initial Control initial Control initial

Median 1.8 3.9 1.6 3.6 1.8 3.7 1.7 3.8
U 796.5 767.5 786.5 746.5
z -2.99 -3.199 -3.068 -3.345

346



P
r

0.003
0.298

0.001
0.318

0.002
0.305

0.001
0.333

Median

Control

5.84

C ase
Initial

12.5

Control

15.35

Case
initial

47.3

Control

9.04

C ase
initial

23.8

Control

4.9

C ase
initial

14.7
U 642 559 410.5 389
z -4.067 -4.64 -5.667 -5.816

Insulin P 0 0 0 0
(mU/L) r 0.405 0.462 0.564 0.5787

The statistical significance is set a tp<0.05.
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Table A5.13: Mann-Whltney U test results of controls and 

completed cases final measurement

Analyte

Mann- 
Whitney U 

test 
parameters Fasting Two Hours Four Hours Six Houts

Case Case Case Case
Control Final Control Final Control Final Control Final

Median 1.38 1.6 1.91 1.8 1.98 2.4 1.66 2,2
U 1033.5 1191.5 1056 924
z -1.359 -0.266 -1.203 -2.116

Triglycerides P 0.174 0.790 0.229 0.034
(mmol/L) r 0.135 0.035 0.119 0.211

Case Case Case Case
Control Final Control Final Control initial Control Final

Median 5.1 7 4.9 9.3 4.9 5.9 4.9 5
U 87,5 95.5 789 1037.5
z -7.913 -7.85 -3.055 -1.336

Glucose P 0 0 0 0
(mmol/L) r 0.815 0.781 0.304 0,136

Case Case Case Case
Control Final Control Final Control initial Control ^inal

Median 5.09 4.3 4.9 4.2 4.9 4.2 4,9 4.2
U 613 635.5 682 684,5
z -4.267 -4.112 -3.786 -3.773

Cholesterol P 0 0 0 0
(mmol/L) r 0.425 0.409 0.377 0.375

Case Case Case 'ase
Control Final Control Final Control initial Control =inal

Median 3.34 2.55 3.15 2.41 3,1 2.39 3.11 2.44
U 722.5 745.5 740 720
z -3.51 -3.351 -3.389 -3.527

LDL P 0 0.001 0.001 0
(mmol/L) r 0.349 0.333 0.337 0.351

Case Case Case Dase
Control Final Control Final Control initial Control Final

Median 1.01 0.88 0.95 0.83 0,96 0.87 0.96 0.87
U 876.5 935.5 936.5 1021
z -2.445 -2.037 -2.03 -1.44e
P 0.014 0.042 0.042 0.148

Apo B (g/dl) r 0.243 0.202 0.202 0.144
Case Case Case Case

Control Final Control Final Control initial Control Final
Median 5.84 12 15.35 41 9.04 19.9 4.9 13.4

U 649 587.5 549.5 471
z -4.018 -4.44 -4.706 -5.249

Insulin P 0 0 0 0
(mU/L) r 0.4 0.442 0.468 0.542

The statistical significance is set a tp<0.05.
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Table A5.14: Mann-Whitney U Test results of significance in 

control cohort as assessed by gender

Female Male Female Male Female Male
N 40 20 N 40 20 N 40 20

Analyte
Triglyceride iAUC 

(mmol/Hr/L') Analyte
Triglyceride AUC 

(mmol/Hr/L'') Analyte
Intermediate HDL 

(mg/di)
Median 2.26 3.72 Median 10.21 14.32 Median 31 22.5

U 250 U 214 U 159
z -2.352 z -2.917 z -3.788

P 0.019 P 0.004 P 0
r 0.30 r 38 r 0.49

Analyte Weight (kg) Analyte Apo Al (g/dl) Analyte Large HDL (mg/di)
Median 72.75 87.5 Median 1.57 1.4 Median 13 7

U 186 U 201 U 149
z -3.356 z -3.121 z -3.947

P 0.001 P 0.002 P 0
r 0.1 r 0.403 r 0.51

Analyte Apo B (g/dl) Analyte HDL-C (mmol/L) Analyte HOMA-IR
Median 0.94 1.08 Median 1.52 1.03 Median 1.22 1.78

U 272.5 U 129.5 U 273
z -2 z -4.243 z -1.992

P 0.045 P 0 P 0.046
r 0.26 r 0.548 r 0.257

Analyte
Triglyceride fasting 

(mmol/L) Analyte
Apo B48 AUC 
(|jg/Hr/ml-’ )

Median 1.24 1.61 Median 64.03 96.99
U 203.5 U 256
z -3.082 z -2.258

P 0.002 P 0.024
r 0.274 r 0.29

The statistical significance is set atp<0.05.
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Table A5.15: Mann-Whitney U Test results of significance in 

male controls and male completed cases initial visit

cases 
Control initial

cases 
Control initial

cases 
Control initial

N 20 19 N 20 19 N 20 19

Analyte
Insulin AUC 
(mU/Hr/U) Analyte HbA1c(%) Analyte Age (yrs)

Median 105.7 137.6 Median 5.6 6.5 Median 49.5 53
U 3 U 213 U 99
z -5.261 z -5.261 z -2.563

P 0 P 0 P 0.01
r 0.84 r 0.84 r 0.41

Analyte BMI (kg/m2) Analyte Apo B (g/dl) Analyte NEFA (mmol/L)
Median 27.7 30.5 Median 1.08 0.97 Median 0.45 0.63

U 110 U 87 U 104
z -2.248 z -2.895 z -2.416

P 0.024 P 0.003 P 0.015
r 0.36 r 0.463 r 0.39

Analyte HOMA-IR Analyte
Cholesterol

(mmol/L) Analyte Glucose (mmol/L)
Median 1.78 3.75 Median 5.08 4 Median 0.45 0.63

U 49 U 90.5 U 20
z -3.962 z -2.796 z -4.784

P 0 P 0.005 P 0
r 0.634 r r 0.71

Analyte LDL-C (mmol/L)
Median 3.31 2.5

U 88
z -2.866

P 0.004
r 0.45

The statistical significance is set at p<0.05.
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Table A5.16: Mann-Whitney U Test results of significance 

differences in female controls and female completed cases 

initial visit

cases 
Control initial

cases 
Control initial

cases 
Control initial

N 40 22 N 40 22 N 40 22

Analyte
Insulin AUC 
(mU/Hr/LM Analyte HbA1c(%) Analyte Age (yrs)

Median 51.6 171.2 Median 5.3 8.9 Median 49.5 59.5
U 174 U 0 U 181.5
z -3.913 z -6.479 z -3.814

P 0 P 0 P 0
r 0.482 r 0.78 r 0.47

Analyte BMI (kg/m2) Analyte CRPhs (mg/di) Analyte
Cholesterol

(mmol/L)
Median 26.7 30.3 Median 2 4.3 Median 5.1 4.5

U 251 U 241.5 U 279.5
z -2.781 z -2.921 z -2.36
P 0.005 P 0.003 P 0.018
r 0.342 r 0.335 r 0.29

Analyte Glucose (mmol/L) Analyte HDL-C (mmol/L) Analyte NEFA (mmol/L)
Median 5.1 9.3 Median 1.52 1.32 Median 0.56 0.81

U 820 U 298 U 203.5

z -6.485 z -2.09 z -3.48
P 0 P 0.037 P 0.001
r 0.8 r 0.257 r 0.428

Analyte HOMA-IR
Median 1.22 4.35

U 129

z -4.576
P 0
r 0.563

The statistical significance is set at p<0.05.
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Table A5.17: Spearman product-moment correlation

coefficient results for apo B48 AUC across all cohorts

Controls
All cases initial 

v is it
Completed cases 

initial visit
Completed Cases 

Final v is it
N 60 56 41 41

Apo B-48 AUC (pg/Hr/m!-’ )
Analyte rho P rho P rho P rho P

Triglyceride
AUC 0.615 0 0.614 0 0.677 0 0.775 0

Triglyceride
iAUC 0.490 0 0.467 0 0.428 0 0.549 0

Apo Al 
Fasting -0.477 0 -0.266 0.048 -0.320 0.041 -0.358 0.022

Triglyceride
Fasting 0.562 0 0.589 0 0.654 0 0.785 0

HOMA-IR 0.189 0.149 0.142 0.295 0.235 0.139 0.456 0.003
BMI 0.123 0.350 0.149 0.273 0.259 0.102 0.358 0.022

Weight 0.136 0.300 0.180 0.185 0.353 0.024 0.439 0.004

Fasting 
apo B-48 0.766 0 0.759 0 0.738 0 0.782 0

VLDL sub
traction 0.367 0.004 0.483 0 0.478 0.002 0.729 0
sdLDL 0.271 0.036 0.304 0.023 0.234 0.140 0.490 0.001
HbAlc 0.168 0.200 -0.114 0.402 -0.128 0.427 -0.074 0.644

Large HDL 
sub

fraction -0.520 0 -0.434 0.001 -0.495 0.001 -0.585 0

HDL-C
fasting -0.503 0 -0.317 0.017 -0.449 0.003 -0.515 0.001

Spearman product correlation coefficient is represented by rho. Significance is 

p<0.005
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