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ABSTRACT 

LESLY-ANNE SAMEDY, MS 
 
ASSOCIATION OF GENETIC VARIATION AND LIPID-RELATED 
CONCENTRATIONS IN AFRICAN AMERICAN MEN WITH AND WITHOUT TYPE 2 
DIABETES 
 
Under the direction of Dr. KATHRYN MOMARY, PharmD, BCPS 
 
 
 Abnormal levels of lipids and cholesterol in the blood lead to 

atherosclerosis, which can then cause cardiovascular disease (CVD).  

Specifically, decreased high-density lipoprotein (HDL) and increased low-density 

lipoproteins (LDL) increase the risk of CVD such as MI and ischemic stroke.  

These lipid abnormalities occur more frequently in individuals with Type 2 

diabetes mellitus (T2DM).  In addition, uncontrolled diabetes causes damage to 

the blood vessels, in turn making them more prone to damage from 

atherosclerosis, putting these individuals at especially high risk for the 

development of CVD. African Americans with T2DM are at an even greater risk 

of CVD as a result of a combination of risk factors, among which dyslipidemia 

plays a prominent role.  However, their lipid profile is often different from 

Caucasians with T2DM.   

 Genetic variations in ADIPOQ, APOE, CETP, NOX3, PCSK9, and PON1 

are thought to lead to altered levels of circulating LDL and HDL and may 

potentially explain the variability seen in lipid levels.  Given the 
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ABSTRACT (Continued)  
 
increased risk of CVD in African Americans with T2DM, it is important to gain an 

understanding of the underlying physiology and genetics.  The goal of this study 

is to understand the genetic association with lipid levels in AA males with and 

without T2DM.  Our long-term goal is to identify polymorphisms that can serve as 

biomarkers in the prediction, development and management of CV events in 

patients with both T2DM and dyslipidemia. To address each aim and analyze any 

potential relationships and/or interactions, we employed a candidate gene case-

control approach where we compared genotype frequencies of lipid related 

candidate genes in unrelated African American males, 30 years of age of older, 

not currently treated with lipid lowering agents, with T2DM and healthy 

nondiabetic controls.   

 Our data suggest that alterations in HDL and LDL particle levels are 

potentially due to genetic variation as well as the presence of T2DM.  The CETP 

Taq1B B2-allele was associated with higher levels of HDL 2b and HDL L, but a 

lower level of HDL 3a and HDL 3b.  In addition, the CETP Taq1B B2-allele was 

associated with decreases in small subclasses of LDL:  LDL IVb, LDL IVa & LDL 

IIIb, where small LDL subclasses are considered more atherogenic compared to 

larger LDL.  PON1 L55M variant allele was associated with decreases in HDL S 

as well as significant interactions between genotype and diabetic status on HDL 

3a.  The APOE E4 allele was associated with higher levels of LDL subclass: LDL 

3a, LDL 2b, LDL 2a, LDL M and LDL L.  With respect to PCSK9, the presence of  

diabetes abrogates the effects of the A443, potentiating a more atherosclerotic 

profile.  In the absence of T2DM, levels of HDL 3a and 3b were reduced and  
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ABSTRACT (Continued) 

HDL 2b elevated with the variant allele compared to the wildtype.  However, we 

observed that, alternatively, diabetic variant allele carriers had elevated levels 

HDL 3a, and 3b and reduced levels of HDL 2b.  The ADIPOQ variant allele was 

associated with lower levels of IDL 2, where lower levels of IDL potentially 

indicate a decrease in CVD risk.  

 African Americans suffer disproportionately from CVD but only an 

estimated 50% of CVD incidence can be explained by traditional risk factors.  

Inclusion of genetics as well as lipoprotein subclass information may be 

beneficial.  We observed ADIPOQ variant allele carriers had significantly lower 

levels of LDL 1 and IDL 2 and APOE variant allele carriers had significantly lower 

levels of LDL 1, subclasses considered less atherogenic than other LDL 

subclasses. CETP Taq1B and PON1 L55M variant allele carriers were 

significantly associated with HDL subclasses, where we observed increases in 

larger, more efficient HDL and decreases in smaller HDL.  In addition, a 

significant interaction between genotype and diabetic status was observed, only 

for CETP Taq1B, PON1 L55M and PCSK9 A443T genotype.  Targeting these 

particular genes, as well as many others known and unknown, may serve as 

promising interventions for all dyslipidemic individuals.  Understanding the 

influence that co-morbidities may have in the presence of genetic variations will 

facilitate the design of innovative strategies for the prevention of morbid 

cardiovascular events via early detection of CVD risk.  
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CHAPTER 1 

INTRODUCTION 

 

 Cardiovascular disease (CVD) is the leading cause of death globally, 

causing approximately one third of all annual deaths generally.1,2 CVD refers to 

any disease that affects the heart or the blood vessels, resulting in narrowed or 

blocked blood vessels.  Although CVD encompasses a wide range of diseases 

the great majority of CVD burden arises from atherosclerosis, of which coronary 

artery disease (CAD), heart attack and stroke are the major clinical 

manifestations.1,3,4 CVD is also the leading cause of mortality in African American 

patients, a disparity associated with an increased prevalence of diabetes and 

enhanced by an association with abnormal lipids.2,5,6 African Americans have the 

highest rates of CVD in comparison to any other racial/ethnic group in the United 

States.  Among non-Hispanic African Americans age 20 and older, 46.0% of men 

and 48.3% of women have CVD.2    

 There are many risk factors associated with CVD, where dynamics such 

as age, gender, and family history are non-modifiable.  Treatable, modifiable risk 

factors include high blood pressure, high cholesterol, diabetes and obesity.  

Diabetes is associated with a greater risk of morbidity and mortality from 

cardiovascular disease.  African Americans are 77% more likely to develop Type  
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2 diabetes mellitus (T2DM) than Caucasian Americans.2 This elevated risk 

severely diminishes life expectancy as well as physical, social, and economic 

well-being throughout an individual’s course of life.  African Americans with 

T2DM are at an even greater risk of CVD as a result of a combination of risk 

factors, among which dyslipidemia plays a prominent role. 

 Abnormal levels of lipids and cholesterol in the blood, key features of 

dyslipidemia, lead to atherosclerosis, the hardening and narrowing of blood 

vessels, silently and slowly blocking blood flow.  Specifically, decreased high-

density lipoprotein cholesterol (HDL-C) and increased low-density lipoproteins 

cholesterol (LDL-C) increases the risk of CVD such as myocardial infarction (MI) 

and ischemic stroke.  These lipid abnormalities occur more frequently in 

individuals with T2DM.  In addition, uncontrolled diabetes causes damage to the 

blood vessels, in turn making them more prone to damage from atherosclerosis, 

putting these individuals at especially high risk for the development of CVD.  

 Interestingly African Americans with T2DM, compared to Caucasians, 

have more favorable lipid profiles, including relatively lower triglyceride and 

relatively higher HDL-C concentrations.7–9 Given the HDL-C differences seen in 

African Americans with T2DM, variations in genes known to be associated with 

HDL-C and/or triglycerides maybe highly relevant in this population.10,11 Efforts to 

reduce the risk of CVD through evaluation of risk factors and introduction of 

preventive and therapeutic measures should be a primary focus.  With this study, 

we sought to fill an important gap in the literature by providing a comparative 
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study of genetic influence of lipid related levels in African American men with and 

without T2DM in the United States. 

Risk Factors and Assessment of CVD 

Dyslipidemia   

 Dyslipidemia, a disorder of lipoprotein metabolism, including lipoprotein 

overproduction or deficiency, may be manifested by elevations in plasma 

cholesterol only (hypercholesterolemia), elevations in triglycerides only 

(hypertriglyceridemia), or increases in both (mixed or combined hyperlipidemias). 

Causes may be primary (genetic) or secondary.  Primary causes include single of 

multiple genetic mutations, resulting in the either the over production or defective 

clearance of LDL-C and triglycerides or the underproduction or excessive 

clearance of HDL-C.  Secondary causes may be attributed to environmental 

factors (such as a diet rich in saturated fat or a sedentary lifestyle), diseases 

(such as diabetes or hypothyroidism), and/or medications (such as thiazide 

diuretics or anabolic steroids).12,13 Dyslipidemia itself usually causes no 

symptoms but can lead to symptomatic vascular disease. 

 Lipoproteins transfer lipids, a form of fat, throughout the body in the 

extracellular fluid thereby facilitating availability of lipids to be taken up by the 

cells body wide via receptor-mediated endocytosis.  Major lipoproteins and their 

functions are listed in Table 1.  Chylomicron remnants, VLDL, IDL, LDL, and 

LP(a) are pro-atherogenic while HDL is anti-atherogenic.  LDL particles have a 

density ranging from 1.019 – 1.063 g/ml and molecular mass 2.4 – 3.9 MDa.  

Increased LDL-C concentrations accelerate plaque formation, increasing risk for  
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CVD events.  Previous experimental, genetic, and epidemiologic data support the 

concept that an elevated plasma level of LDL-C is a primary causal factor in the 

pathogenesis of CVD.14,15 Population-based studies consistently demonstrate a 

positive correlation between plasma levels of LDL-C and the prevalence of 

CVD.3,16,17 In addition, HMG-CoA reductase inhibitors, which reduce LDL-C, have 

been consistently shown to decrease morbidity and mortality.18,19 It is reasonable 

that genetic polymorphisms that decrease LDL-C may reduce the risk of such 

diseases, therefore understanding genetics involved in LDL modifications is 

important in disease risk assessment. 

 Distinct LDL subclasses vary with the respect to size, density and 

composition.  Through gradient gel electrophoresis, seven LDL subclasses can 

be identified: I, IIa, IIb, IIIa, IIIb, IVa and IVb.  They have been shown to correlate 

with specific density ranges.  Via nuclear magnetic resonance (NMR) 

spectroscopy, LDL subclasses have been classified into two LDL phenotypes 

(patterns A and B), based on size and cholesterol content.20,21 Large LDL 

Table 1.  Major lipoprotein subclasses 

Lipoprotein* Major component Main known function 

Chylomicrons Triglycerides Exogenous lipid transport from 
intestines 

Very low-density lipoprotein 
(VLDL) Triglycerides Endogenous lipid transport 

Intermediate-density lipoprotein 
(IDL) 

Cholesterol, cholesteryl 
esters Cholesterol transport 

Low-density lipoprotein (LDL) Cholesterol Cholesterol transport 

High-density lipoprotein (HDL) Cholesterol, proteins Surface component, reverse 
cholesterol transport 

*Classified on the basis of electrophoresis, ultracentrifugation and/or Nuclear Magnetic Resonance spectroscopy via the Vantera Analyzer 
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particles are classified as type A, whereas individuals with small, dense LDL 

(sdLDL) particles are classified as type B and are at a greater risk for CVD.  

Small dense LDL particles are extremely atherogenic due to their ability to 

permeate arterial walls.  They are also more vulnerable to oxidative 

modifications, a pivotal step in atherosclerosis.22 Small LDL particle size is 

associated with elevated levels of plasma triglycerides and low levels HDL.  It is 

appropriate that African Americans, a population generally having lower levels of 

triglycerides and higher levels of HDL cholesterol than do non-Hispanic 

Caucasians, generally have significantly higher LDL particle size.23–25 In T2DM, 

sdLDL levels are elevated and associated with a significant increase in the 

incidence of cardiovascular events.26,27 While early studies have established 

LDL-C as a vital CVD predictor, it is also important to consider the influence of 

LDL subclasses as well as other lipid related characteristics on diabetic 

atherogenic profiles. 

 HDL, with a density more than 1.063 g/mL and a small size (5 - 12 nm), 

represent another major class whose principal physiological role is the reverse 

transport of cholesterol.28 The Framingham study, a primarily Caucasian based 

analysis, revealed that low HDL-C is a risk factor for coronary heart disease, and 

is a strong predictor of cardiovascular events.29 In addition, patients with T2DM 

exhibit various lipid abnormalities, of which a low HDL-C level is a prominent 

feature.30–32 Nonetheless, genetic studies in humans have not provided 

convincing evidence that genetic variants affecting HDL-C modulate 

cardiovascular risk.29,33  
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 Several characteristics of HDL-C allow subclasses to be differentiated by 

physicochemical properties of particles, including density, mobility, and size.  Via 

density gradient ultracentrifugation, two density subclasses can be obtained:  

HDL2 and HDL3.28 HDL2 subclasses are larger and have a higher density, 

resulting in their increased effectiveness.34,35 The HDL2 subclass has been more 

strongly associated with the well-established role of HDL in protecting against 

CVD.  Several studies comparing racial lipoprotein profiles have shown that 

Caucasians have significantly increased levels of HDL2 associated with a 

decrease in carotid intimal-medial thickening, or wall thickening, a relationship 

not as strong in African Americans.36,37 HDL2 and HDL3 subclasses may be 

further separated, via gradient gel electrophoresis, into five subclasses: HDL2b, 

HDL2a, HDL3a, HDL3b and HDL3c, decreasing in size.  HDL particles are also 

characterized into three groups based on size: small, medium and large.  It has 

been demonstrated that there is an inverse association between HDL2b and 

CVD risk and that increased HDL3b are associated with both the atherogenic 

lipoprotein phenotype.8,38 

 Triglycerides are a component of another major lipoprotein type, very low-

density lipoprotein (VLDL) and chylomicron. Studies have demonstrated that 

African Americans typically have lower levels of triglycerides compared to 

Caucasians, which is termed the “TG paradox”.39 Furthermore, despite the 

presence of T2DM and insulin resistance, African Americans will typically have 

normal triglyceride levels.7,40,41 While high levels of triglycerides have been linked 

to an increased risk of CVD, there is a controversy whether triglyceride is directly 
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related to atherosclerosis and/or CVD.  Although, the impact of high triglyceride 

levels is not yet fully identified, it is thought that the very low HDL-C levels found 

in those with raised triglyceride levels may play a role.  Some studies support the 

proposal that genetic variants associated with elevated concentrations of 

triglycerides are associated with CVD, even promoting decreased HDL-C.42 

Studies have demonstrated that hypertriglyceridemia is associated with CVD, 

especially in patients with insulin resistance or metabolic syndrome.43 Despite the 

debate in the role of triglycerides in CVD risk assessment and normal levels in 

African Americans, our study may help to reveal its utility as a biomarker in 

atherogenic dyslipidemia. 

 Abnormalities in lipoprotein levels contribute to the development of 

atherosclerosis, a condition characterized by blood flow obstruction by plaques 

and potential thrombus formation in blood vessels.  The initial phase of 

atherosclerosis results from a series of steps.  Increased endothelial permeability 

allows for entry of LDL-C and accumulation.  Scavenger receptors mediate the 

uptake of modified LDL-C into macrophages, causing foam cell formation and 

perpetuating the atherosclerotic process.44,45 Diabetes also potentiates the 

formation of atherosclerosis, by enhancing glycation of LDL-C as well as its 

association with endothelial dysfunction. 

Type 2 Diabetes Mellitus 

 Diabetes mellitus, a disease characterized by chronic hyperglycemia, is 

also a major risk factor for CVD. Individuals with diabetes typically fall into one of 

two categories, with T2DM being the more prevalent.46 T2DM accounts for most 
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(90-95%) of the diabetes cases faced in clinical practice.  It is a combination of 

insulin resistance and an insufficient compensatory insulin response, a direct 

result of reduced capacity of beta-cells.47,48 Individuals diagnosed with insulin 

resistance present, most noticeably, with an increased production of VLDL, a 

defect, which initiates a sequence of lipoprotein changes.  These changes 

include higher levels of remnant particles, smaller LDL, and lower levels of HDL-

C. 

 Complications of diabetes are classified into 2 types: microvascular and 

macrovascular.  Microvascular complications lead to the development of 

retinopathy, nephropathy and neuropathy whereas macrovascular complications 

are associated with atherosclerosis leading to CVD, stroke, and peripheral 

vascular disease.49,50 Patients with T2DM often present with an atherogenic lipid 

profile, including hypertriglyceridemia, lower HDL-C levels and elevated LDL-C, 

more specifically sdLDL particles.   

 According to the Framingham Heart Study, the risk of heart disease in 

individuals with T2DM is two- to threefold higher than in the general population, 

and heart disease is the leading cause of death among patients with 

diabetes.3,4,6,51 The pathophysiology of the link between diabetes and CVD is 

complex and may extend beyond LDL-C.  There are many overlooked variables 

that alter the risk of CVD, some of which are distinguishing of diabetic 

dyslipidemia.  Coronary risk may be affected by more than simple LDL-C 

concentration but more so the characteristics of the LDL particles themselves, 

where LDL sub-fraction composition varies between individuals.52 Insulin 
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resistance and T2DM have been associated with alterations in lipoprotein size 

and subclasses.53 Using advanced lipid testing we can better understand specific 

patterns in lipoprotein markers that correlate with CVD, other than HDL-C, LDL-

C, and triglycerides. 

 The racial/ethnic differences in the prevalence of T2DM are well 

documented. In the United States, the incidence is higher for African Americans 

and Hispanics than for European Americans, and African Americans bear an 

overwhelming burden of the morbidity and mortality associated with T2DM.  

There are multiple reasons that contribute to these disparities, including 

biological and clinical factors, as well as socioeconomic and historical factors.54 

Non-Hispanic African Americans, compared to non-Hispanic Caucasians, have 

increased insulin resistance and altered insulin secretion.55 Genetic factors have 

been considered as a possible justification for race/ethnic differences. 

Relationship of Diabetes and Dyslipidemia 

 Diabetic dyslipidemia is a major explanation for accelerated 

macrovascular disease in diabetic patients.  Characteristic features of diabetic 

dyslipidemia include an atherogenic triad of high plasma triglyceride 

concentration, low HDL concentration and increased concentration of LDL, 

particularly sdLDL particles.56–58 Distinctive mechanisms are responsible for the 

development of dyslipidemia in individuals with diabetes.  Defects in insulin 

action and hyperglycemia may potentially lead to dyslipidemia in patients with 

diabetes. In the case of T2DM, the insulin-resistant state that is at the basis of 
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the development of this disease can in itself lead to lipid abnormalities 

independent of hyperglycemia.59,60  

 Diabetes can increase circulating free fatty acids (FFAs), due to insulin 

resistance. In Figure 1, the mechanism by which insulin resistance affects HDL 

and LDL concentrations is illustrated.  The increase in FFA flux resulting from 

increased lipolysis, secondary to adipose-tissue insulin resistance, induces or 

exacerbates insulin resistance in liver and muscle through direct or indirect 

generation of metabolites.  In turn, this can promote increased hepatic very-low-

density lipoprotein (VLDL) production.  Triglyceride-rich VLDL then transfers 

triglyceride and cholesterol to LDL-C and HDL-C, promoting formation of 

triglyceride-rich, sdLDL and clearance of triglyceride-rich HDL-C.  The result is 

increased LDL-C and reduced HDL-C concentrations.   

 

 
Figure 1.  Proposed relationship between dyslipidemia and diabetes 
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 While all of the reasons for the increased CVD mortality among African 

Americans have not been revealed, it is obvious that there is a high prevalence 

of certain risk factors, a delay in the recognition and treatment of high-risk 

individuals, as well as limited access to cardiovascular care. The association of 

SNPs with HDL-C or LDL-C alterations and CVD risk may be population specific 

and highly influenced by co-morbidities, such as T2DM.  Clinical trials have 

already shown significant improvement in CVD after diabetic dyslipidemia 

treatment.61,62 Identifying the potential influence of lipid-related genetics and 

interaction with T2DM on the modification of lipid related levels may significantly 

improve CVD risk assessment in African Americans and in turn potentially reduce 

CVD incidence.51   

Genetics of Lipid Related Levels 

 The human DNA sequence consists of approximately three billion base 

pairs, where an estimated 1% is highly conserved protein-coding sequences.  

The remaining ~98-99 percent of DNA does not encode protein sequences, 

frequently referred to as “junk DNA’, however, this noncoding DNA does have 

functional significance. Single nucleotide polymorphisms, which occur at nearly 1 

in 300 base pairs, can be found in both in coding and non-coding regions.  These 

variants, known as single nucleotide polymorphisms (SNPs), are present as two 

alternate forms, or alleles, in the population.  

 Given the increased risk of CVD in African Americans with T2DM, it is 

important to gain an understanding of the underlying physiology and genetics.  

Pharmacogenomic studies are needed to distinguish lipid-related genetic 
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markers that are significant in minority groups, improving not only the treatment 

of CVD but the prediction of cardiovascular risk as well.  Our goal is to 

understand the genetic association with lipid levels in African American males 

with and without T2DM.  The central theme is the identification of polymorphisms 

that can serve as biomarkers in the prediction, development and management of 

CVD events in patients with both T2DM and dyslipidemia.  Genetic variations in 

Adiponectin, C1Q And Collagen Domain Containing (ADIPOQ), Apolipoprotein E 

(APOE), Cholesteryl Ester Transfer Protein (CETP), NADPH Oxidase 3 (NOX3), 

Proprotein convertase subtilisin/kexin type 9 (PCSK9), and Serum 

paraoxonase/arylesterase 1 (PON1) are thought to lead to altered levels of 

circulating LDL-C and HDL-C and may potentially explain the variability seen in 

lipid levels.  

ADIPOQ 

 The ADIPOQ gene is located on chromosome 3q27, a locus that has been 

associated with diabetes and CVD.63,64 ADIPOQ encodes for a 244-amino-acid-

long polypeptide protein, adiponectin.  This protein regulates numerous 

metabolic processes, including glucose regulation and fatty acid oxidation.  The 

adiponectin protein has been shown to act as a protective factor for CVD by 

accumulating on damage vessel walls, increasing insulin sensitivity and having a 

beneficial effect on postprandial glucose and lipid metabolism.64 Adiponectin 

plasma levels are more closely associated with the amount of visceral fat rather 

than total body fat.  With African Americans having more subcutaneous fat and 
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less visceral fat than Caucasians, the impact of adiponectin in African Americans 

may be different from that in Caucasians.65,66 

 Under normal physiological conditions, adiponectin promotes plasma lipid 

clearance.67,68 Adiponectin concentration has been positively correlated with 

HDL-C but negatively with LDL-C and triglycerides.69,70 While the link with 

dyslipidemia is unclear, adiponectin levels may modify the production of VLDL 

and lipid metabolism by altering the fat content of the liver.71 Adiponectin has 

been show to influence lipoprotein levels by altering the activity of key enzymes, 

including lipoprotein lipase and hepatic lipase.72–74 These enzymes are 

responsible for the catabolism of triglyceride-rich lipoproteins and HDL-C.  

Plasma adiponectin level is also associated with atherosclerosis markers such as 

inflammation, oxidative stress, and endothelial dysfunction. Thus, adiponectin 

potentially impacts CVD by affecting the balance of atherogenic and anti-

atherogenic lipoproteins in plasma, and by modulating cellular processes 

involved in early atherosclerotic lesions.72  

 Associations of ADIPOQ polymorphisms have been described in 

Caucasians, where genetic deficits may contribute to insulin resistance and 

CAD.75 This, relationship has not been consistently shown in African 

American.76,77 However, there appears to be an association between ADIPOQ 

SNPs and subclinical CVD, for example increased carotid intima media thickness 

and coronary artery calcium, in African Americans.78 A number of studies have 

examined the association of SNPs, but only a small number of ADIPOQ 
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polymorphisms have been investigated in relation to CVD, where these studies 

usually just include one ethnic group and have had mixed results. 

 Due to the insulin-sensitizing and anti-atherogenic characteristics of 

adiponectin, ADIPOQ plays pivotal role the modulation of metabolism and 

atherogenesis.  However, studies have reported a lack of correlation between 

ADIPOQ/adiponectin and T2DM in the African American population.79,80 In a 

meta-analysis of African American cohorts, 8 SNPs in ADIPOQ were tested for 

association with plasma adiponectin levels and diabetes status.  Results 

indicated no association between ADIPOQ SNPs and T2DM risk.81 Many studies 

have yielded conflicting results due to small sample size, inclusion of only one 

gender, and the confounding effect of unadjusted population structure and 

behavioral lifestyle factors.78,82,83 

 SNPs in genes modulating insulin sensitivity or lipoprotein metabolism can 

be useful markers for an individual`s susceptibility to complex diseases, such as 

CVD.  Studies have demonstrated a significant association with the insulin-

resistant state irrespective of gender or ethnicity.84,85 Additionally, studies provide 

support for the thought that what applies to other ethnic populations might not 

apply to the African American population.   

 ADIPOQ g.18613C>T (rs1063537), a 3′UTR SNP, and T2DM in particular 

populations, but no significant association have been found with CVD risk.86,87 

Variations in ADIPOQ gene can protect against CVD or are associated with CVD 

risk and considerable data regarding this particular SNP are not available.  
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Therefore results of this study may shed light on the conflicting roles of ADIPOQ, 

particular rs1063537, in cardiovascular diseases in African Americans.79 

 Extensive literature have demonstrated that low adiponectin levels are 

associated with elevated CVD morbidity and mortality in the general population 

and more significantly, in patients with obesity and T2DM.78,88,89 The role of 

adiponectin in the development of CVD remains less apparent than it does for 

metabolic disorders.  Recent studies stress the role of adiponectin in the 

pathogenesis of atherosclerosis and it has been well identified as a susceptibility 

locus for T2DM in genome-wide linkage studies and genome-wide association 

studies.63,90 Specifically, the results of one study suggest that increased 

adiponectin levels are associated with a moderately decreased cardiovascular 

risk in diabetic men.91 Interestingly, levels of adiponectin are significantly lower in 

African Americans and in T2DM patients.79,84 The association between 

adiponectin and CVD risk needs to be clarified in the African Americans, 

especially those with T2DM. 

APOE 

 APOE, a component of lipoproteins, plays a role in the regulation of lipid 

metabolism in humans.  APOE contains lipid-binding domains that enable it to 

toggle between a lipoprotein-bound and a lipid-free state.92,93 This characteristic 

facilitates lipoprotein binding to the LDL-C and lipoprotein remnant receptors.  

Domain interaction and stability have been suggested to underlie the association 

of polymorphisms of APOE with disease.  Defects in the APOE protein could 

reduce its capability in binding to the receptors, consequently leading to elevated  
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blood cholesterol levels.  APOE contributes to variability in normal cholesterol 

levels in populations.93,94 

 The APOE gene is located at chromosome 19q13.2 and encodes for a 

299-amino acid polypeptide.  APOE is classified into three major isoforms, E2, 

E3, and E4, based on the differences in amino acids at positions 112 and 158.95 

The E2 variant allele, g.8041C>T (rs7412), is the substitution of a Cysteine at 

position 158 whereas the E4 variant allele, g.7903T>C (rs429358), is the 

substitution of an Arginine at position 112.  E3, the wild-type allele, is the 

absence of both SNPs and considered to be the referent.   Combination of 

isoforms confers the six genotypes E2/E2, E2/E3, E2/E4, E3/E3, E4/E3, and 

E4/E4.  Characteristics of each isoform are described in Table 2.  In the general 

population, the E3 isoform is the most prevalent.96,97 Polymorphisms in this gene 

also are strongly correlated with gene product where E2 is associated with higher 

plasma concentrations of APOE, whereas E4 with lower concentrations.98,99 

Compared to E3, APOE E4 is degraded and cleared more rapidly, leading to 

alterations in lipoprotein metabolism.96,100 In the blood, APOE E2 binds to 

lipoprotein receptors with a reduced affinity, resulting in slower clearance of 

APOE E2 E3 E4 
Genotype: E2/E2         E2/E3 E3/E3 E3/E4         E4/E4 

Amino Acid 
Position 112 

Cys Cys Arg 

Amino Acid 
Position 158 

Cys Arg Arg 

LDLR affinity <5% 100% >100% 

LDL Cholesterol Decreased Normal Increased 

Table 2.  
APOE Alleles 
and Properties 
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dietary fat from blood.98 Studies have observed a strong association between the 

E4 allele and CVD risk.101–103 Individuals with E4, tend to have higher 

concentrations of LDL-C, and more effective absorption of dietary cholesterol.104 

Studies suggest that the E4 allele is associated with a worse lipid profile, 

including higher LDL-C and carriers may have a 40–50% increased CVD risk.105–

107 Compared to individuals with the E3/E3 genotype, E2 carriers have been 

shown to have a 20% lower risk of CVD.   

 The relationship between APOE and lipid related levels is dependent on 

the specific APOE isoform genotype.  In African Americans, a strong and GWAS-

significant association of LDL-C with APOE E2 (rs7412) has been shown.108 In 

addition, APOE has been shown to be significantly associated with lipids in 

African Americans, where E2 carriers had significantly lower levels of LDL-C and 

total cholesterol.109 APOE allele frequencies differ between African Americans 

and Caucasians with APO E2 frequency being higher and E3 lower in African 

Americans compared to Caucasians.37,110 Such differences may have influences 

on the interaction of specific APOE alleles lipoprotein particle size and 

concentration more in African Americans than Caucasians.  

 There is a vast amount of literature examining the APOE polymorphism in 

a variety of disease states, of which African Americans are included.  In 

particular, various studies have investigated an association with CVD and CVD 

risk factors.  Maxwell et al. found that APOE affects the relationship between 

total cholesterol and coronary heart disease (CHD) in African Americans, where 
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E2/E2 significantly influences a positive relationship between total cholesterol 

with incident CHD.111  

 There is evidence that APOE gene polymorphisms are associated with 

lipid related levels in T2DM as well.105,112 The E4 allele is associated with 

significantly higher levels of LDL-C in individuals with T2DM.  In regards to CVD, 

diabetic E4 carriers have been shown to have increased atherosclerosis and an 

increased risk of CVD-associated death.113–115 However, other studies have 

shown have not found the same association between the E4 allele and CVD in 

the diabetic patients.116,117 Studies examining the association of APOE and 

T2DM in African Americans, specifically, are limited, however there are studies 

investigating the relationship between APOE and diabetic complications.118,119 

One study did investigate the relationship between APOE and diabetic 

complications in African Americans; they did not find any association.118 Further 

genetic studies will add information beyond the traditional cardiovascular risk 

factors in T2DM and will help in early identification of at risk patients.   

 With the increasing prevalence of CVD among African Americans, it 

becomes essential to identify genetic markers that may predispose individuals to 

CVD events.  Even though the frequency of the E4 allele is higher in those of 

African ancestry, the association is relatively weak and inconsistent.120–122 The 

phenotypic differences observed are small and easily influenced by other factors, 

both genetic and environment.  This is a result of the low frequency of E2 and E4 

homozygotes, therefore most studies have been carried out on heterozygous 

carriers in comparison to E3 homozygotes.  With the increasing prevalence of 
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CVD among African Americans, it becomes essential to identify genetic markers 

that may predispose individuals to CVD events.  It would be of importance to 

determine if APOE gene will become a useful marker to assess cardiovascular 

risk profile when performing genetic studies in African American populations.  

CETP 

 CETP, a hydrophobic glycoprotein that circulates in plasma, is bound 

mainly to HDL-C.123,124 It facilitates the increased exchange of cholesteryl esters 

(CE) and triglycerides between HDL-C and VLDL.125,126 Variations in the CETP 

gene have been shown to impact CETP activity, HDL-C concentrations and LDL-

C concentrations.  Increases in CETP activity favor enhanced formation of 

atherogenic LDL-C and the formation as well as elevated clearance of small 

HDL-C particles.51,123 Plasma levels of HDL-C are inversely correlated to the 

occurrence of CVD supporting the premise that increasing HDL-C can potentially 

alleviate atherosclerosis and improve CVD risk.127 Polymorphisms in genes 

associated with lipid metabolism and homeostasis, such as CETP, may influence 

lipid abnormalities and reveal an association with T2DM in African American 

patients.   

 While there are studies characterizing many SNPs, the most frequently 

studied common polymorphisms are CETP Taq1B, g.5454G>A (rs708272), 

located in intron 1, and I405V, g.25258G>A (rs5882), a missense mutation near 

the carboxy terminus of the gene.  The Taq1B polymorphism of the CETP gene 

disrupts the Taq1 restriction site in intron 1.123 While this SNP is not part of the 

regulatory site, the B1 allele confers the presence of the restriction site and is 
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associated with increased CETP activity decreased HDL-C and increased 

disease progression.123,126 Conversely, inheritance of the B2 allele is considered 

to lead to higher HDL-C levels, lower mean CETP activity and higher mean 

apolipoprotein A-I concentrations.128–130 The association of the CETP Taq1B 

polymorphism and HDL-C levels is widely recognized in many different 

populations, however this association is less clear in African Americans.   

 Non-synonymous polymorphisms, such as CETP I405V have also been 

suggested to affect CETP function.126,131 CETP I405V, located in the 3’ region of 

the gene, has also been related to reduced CETP, higher HDL-C levels, and 

increased lipoprotein particle sizes.132,133 However, a link between CETP I405V 

polymorphism and CVD has not been identified.  While African Americans have a 

considerably higher frequency of CETP I405V variant compared to other ethnic 

groups, no association with HDL-C has been shown.134 Moreover, the trends are 

often not even in the same direction as with Caucasians.135 The association of 

CETP genotypes and diabetic status on lipid-related levels may be population 

specific and highly influenced by ethnic background. 

 Despite evidence supporting associations between HDL-C trends and 

CETP variants as well as a relationship with T2DM, studies are typically driven 

by Caucasian and Asian populations.  Studies in African Americans generally 

support the transferability of reported CETP polymorphism associations with 

HDL-C.136–138 Furthermore, previous studies have suggested an existing 

relationship between CETP polymorphism and T2DM, however there is only 

once specific study investigating this relationship in African Americans, a study 
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population consisting of only women.129,139,140 In obese African American women 

with T2DM, even with significantly lower CETP activity, researchers observed no 

differences with respect to plasma lipid concentrations, compared to their non-

diabetic counterparts.  These results contradict previous studies in Caucasian 

populations that have suggested an existing relationship between T2DM and 

CETP polymorphisms and found insulin resistance weakens the CETP 

association with HDL-C levels.139,141 Given that African Americans with T2DM 

have a different lipoprotein profile, with elevated LDL-C and normal triglycerides, 

it is uncertain if previous study results can be generalized to include African 

Americans with T2DM.142 Data investigating the role of CETP and T2DM in 

African Americans is narrow and inadequate to validate a relationship.   

 The association of CETP genotypes with diabetic status and CVD risk 

may be population specific and highly influenced by ethnic background.  

Furthermore, data on lipoprotein subclass distribution and its modulating factors 

are limited. Identifying the potential influence of T2DM on the modification of not 

only major lipoproteins but subclasses as well, may add important information on 

CVD risk prediction.  In this study, we investigated the impact of CETP 

polymorphisms on clinical parameters and lipid-related characteristics associated 

with CVD risk and examined if diabetic status modifies these associations in 

African American men.  More studies designed to elucidate the relationship 

between diabetes and genetic variations influencing lipoprotein distribution are 

necessary, especially in this population. 
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NOX3 

 NOX3, an enzyme encoded by the NOX3 gene, catalyzes the production 

of superoxide by a 1-electron reduction of oxygen, using NADPH as the electron 

donor.  NADPH oxidases facilitate reactive oxygen species (ROS) production, 

where ROS is important for maintaining the normal physiological function of body 

and excessive levels of ROS can cause oxidative damage. ROS is a significant 

signal molecule in the processes of controlling some key pathological activities 

including cell proliferation, mutation, apoptosis, and signal transduction 

pathways.143,144 Various diseases are associated with overproduction of ROS by 

NOX enzymes.  Specifically, NOX3 is highly expressed in the inner ear, 

associated with deafness and ototoxicity resulting from NOX3-mediated ROS 

generation.145,146 NOX3 shares sequence similarity with other NOX isoforms and 

has also been shown to be expressed in the fetal kidney.147 NOX3 is not 

expressed in endothelial and vascular cells like its counterpart NADPH oxidases; 

its role in the development of CVD is unclear and needs to be investigated 

further.148  

 A large number of studies have shown that oxidative stress is one of the 

main mechanisms of CVD occurrence and development. Extreme formation of 

reactive oxygen species can cause an imbalance in the body of oxidation and 

anti-oxidation, leading to tissue damage.   Atherosclerosis originates from 

endothelial destruction and inflammation.149,150 The importance of oxidative 

stress in the development of atherosclerosis and CVD seems to be widely 

accepted, where several members of the NADPH oxidase family have already 
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been implicated.151–153 The occurrence and development of diseases including 

CVD, diabetes, and cancer are associated with the ROS production mediated by 

NOX. NADPH oxidase is the primary source of ROS, therefore, studying the role 

of NADPH oxidase in CVD has important clinical significance for preventing and 

treating CVD via controlling oxidative stress. Deconstructing the relationship 

between NADPH oxidases and CVD will clarify the role of oxidases in CVD 

occurrence and aid in discerning new methods for CVD prevention and 

treatment.  Despite this knowledge gained from these studies, data about the 

involvement of NOX3 is absent. 

 Oxidative stress is as a critical pathogenic factor in the initiation and 

development of diabetic complications.154 Diabetes is accompanied by increased 

generation of ROS in the kidney and resulting oxidative stress leads to a number 

of pro-atherogenic events.155,156 The major outcome is the production of gene 

products that cause cellular damage that are ultimately responsible for 

complications of diabetes.157 In a linkage analysis study, NOX3 was implicated in 

the diabetic nephropathy in West Africans with T2DM.158 There is no data related 

to NOX3 expression in organs involved in diabetic complications is available yet. 

Therefore, more studies on NOX3 in CVD risk are necessary and would benefit 

in the characterization of this oxidase, especially in a population that 

disproportionality suffers from risk factors.  In our current study, we analyze the 

NOX3 SNP, g.10788C>G (rs7754577), and its role in the modulation of 

lipoproteins and lipoprotein subclasses. 
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PCSK9 

 PCSK9, a soluble protein encoded by the PCSK9 gene, plays a major 

regulatory role in cholesterol homeostasis.   It regulates plasma levels of LDL-C 

by promoting the degradation of LDL receptors (LDLR), the primary channel for 

the removal of LDL-C from circulation.159 LDL-C binds to the extracellular 

domains of LDLRs on the surfaces of hepatocytes. The LDL-LDLR complex is 

internalized, where the LDLR dissociates from LDL-C and is recycled back to the 

cell surface.  PCSK9 appears to restrict this “recycling” of the LDLR.  When 

PCSK9 is bound to the receptor and the combination has been ingested, the 

receptor is degraded, leading to reduced clearance of LDL-C and accumulation 

of LDL-C in the circulation.160,161 If PCSK9 does not bind, the receptor can 

continue to remove LDL-C from the bloodstream.  High levels of PCSK9 lead to 

high plasma levels of LDL-C, whereas low levels of PCSK9 lead to low LDL-C 

levels.162 

 Sequence variation in PCSK9 is a major determinant of circulating levels 

of LDL-C in humans.  Cohen et al. were the first to show the association of 

PCSK9 polymorphism with plasma LDL-C levels in human.  Loss-of-function 

mutations in this gene are more common than gain-of-function and are 

associated with reduced plasma levels of LDL-C and protection from CVD.163 

These sequence variants most likely lower LDL-C levels by impairing PCSK9 

activity, since nonsense mutations in PCSK9 are associated with low plasma 

levels of LDL-C.162,164 No association has been reported so far between variants 

of PCSK9 and HDL-C levels.165 However, plasma PCSK9 levels exhibits a strong 
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positive correlation with intermediate density lipoprotein (IDL), a triglyceride-rich 

LDL-C subclass, suggesting that PSCK9 may also affect plasma triglycerides.166 

 In African Americans, various loss-of-function mutations have been shown 

to be common and associated with a significant reduction in plasma levels of 

LDL-C cholesterol, coupled with a dramatically reduced frequency of CVD.167,168 

In a study analyzing 3,363 volunteers, self-reported “black”, and 9,524 

volunteers, self-reported “white”, researchers observed a higher frequency of the 

variants Y142X and C679X in African Americans, despite frequencies being 

particularly rare in both populations.  These polymorphisms were associated with 

a 28% reduction in mean LDL-C and an 88% reduction in CVD risk.162,167 The 

researchers found that these relatively infrequent alleles were associated with 

low LDL-C, in both African Americans and Caucasians.  While there is evidence 

of susceptibility alleles across the frequency spectrum, it is important to realize 

that rare alleles and common alleles have different population characteristics that 

are relevant to CVD risk.  

 The relatively high prevalence of LDL-lowering sequence variations in 

PCSK9 provide the opportunity to analyze the relationship between specific 

SNPs and LDL-C levels in minority populations.  There are three recognizable 

domains in the PCKS9 gene, an N-terminal prodomain, a catalytic domain, and a 

carboxyl-terminal domain of unknown function (Figure 2).  Our study evaluates 

one polymorphism in each of these domains, PCSK9 A443T g.23636G>A 

(rs28362263), PCSK9 H533R g.25094A>G (rs28362270) and PCSK9 R46L 

g.5428G>T (rs11591147). 



	

	

26 

 

 The phenotypic influence of PCKS9 can vary with ethnicity, where the 

following SNPs are very rare or even absent in the Caucasian population.  

Among African Americans, H533R has been shown to be associated with 

elevated LDL-C levels.  The PCSK9 sequence variation H533R is found in the C-

terminal domain of human PCSK9 where there are a large number of histidines.  

It has been proposed to underlie PCSK9’s increased affinity for the LDLR at low 

pH.168–170 PCKS9 variants A443T and R46L are significantly and reproducibly 

associated with lower plasma levels of LDL-C.171 The missense mutation PCSK9 

A443T is found at a minor allele frequency (MAF) of 9.4% in African Americans, 

but less commonly found in Caucasians, with a MAF of 0.048%.172 Among 

African American subjects, A443T was associated with low LDL cholesterol 

levels.173 The PCSK9 R46L variant also associates with lower LDL-C levels in 

Caucasian populations at a MAF of 1.6% but at 0.28% in African 

Americans.171,172 The PCSK9 sequence variation R46L is associated with a 21% 

decrease in plasma LDL-C levels in African American subjects.162 In turn, the 

reduction observed with the R46L variation is associated with reduced 

Figure 2.  
Domain regions 
and sequence 

variations within 
PCSK9 gene 
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atherosclerosis burden in African American men and potentially a reduction in 

CVD risk.174  

 The influence of T2DM on the association of PCSK9 and lipid related 

levels has been investigated various racial populations. Since the overproduction 

of VLDL is a hallmark of T2DM, it is possible that PCSK9 function might be 

altered in this condition.  Various studies have established that plasma levels of 

PCSK9 are significantly higher in diabetic patients than in non-diabetic 

individuals. Researchers found this to be true in a cohort study of Tunisian T2DM 

patients, where an elevation in PCSK9 was observed. However, plasma PCSK9 

level was not significantly associated with triglycerides, total cholesterol, LDL-C 

and HDL-C in both groups.175 Additionally, in a study of French diabetic patients, 

plasma PCSK9 concentrations were 17% higher in patients with T2DM than in 

those with T1DM. This study also observed that PCSK9 was still positively 

associated with LDL-C levels in diabetic patients.176  

 Despite many reports indicating no significant difference in plasma PCSK9 

levels between non-diabetic and T2DM patients, they do report modification on 

the association of PCSK9 on other lipid-related levels.177,178 One particular study 

found that the presence of T2DM may modify the association between plasma 

PCSK9 and non-HDL cholesterol.176 However, there is potential bias because of 

the use of statins and fibrates by subjects in these studies, which are known to 

increase plasma PCSK9 levels.179,180 While PCSK9 levels were found to be 

higher in individuals with diabetes compared with those without diabetes in some 

adult studies, the effect of diabetes and PCSK9 on the moderation of lipid levels 
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in African Americans is unclear.  To our knowledge this is the first to analyze 

whether or not diabetes modulates the effect of PCSK9 on lipoprotein subclasses 

levels.  

PON1 

 Paraoxonase 1 (PON-1) is a HDL-associated antioxidant enzyme that 

plays an important role in HDL-mediated cardioprotection.181 The enzyme 

encoded by this gene has both esterase and paraoxonase activity, but more 

paraoxonase activity.  Associated with HDL particles in the blood, PON1 protects 

HDL-C and LDL-C from oxidation catalyzed by copper ions.181,182 The oxidative 

modification hypothesis of atherosclerosis predicts that LDL-C oxidation is an 

early event in atherosclerosis.183,184 The presence of PON in HDL-C is a major 

contributor to the anti-atherogenicity of this lipoprotein.  The exact mechanisms 

by which PON1 activity influences risk of vascular disease continues to be 

evaluated but the decrease of PON1 activity has been associated with high 

cardiovascular risk.185,186 

 Decreased levels of PON1 and low paraoxonase activity are associated 

with increased risk for cardiovascular disease.185,187,188 A 43-study meta-analysis 

investigated the effect of PON1 activity on susceptibility for CHD.189 Based on a 

total 20,629 subjects, results of the study confirmed a statistically significant 

association between lower PON1 activity and increased CHD risk.  Results of the 

study showed an association between decreased paraoxonase activity of PON1 

in CHD patients compared with non-CHD controls.  One of the most severe 

complications of CVD, MI, was found to be associated with significant decrease 
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in PON1 activity.189 Another meta-analysis in comparable study size also 

confirmed the association of lower plasma PON1 activity with increased CVD 

risk.  The pooled analysis showed that CVD patients had a 19% lower PON1 

activity than did the controls.  When participants were stratified by race, 

significantly decreased PON1 activity was observed where effect was more 

pronounced in Asians than Caucasians.190 While both studies observed 

increased risk of CVD in subjects with lower PON1 activity regardless of 

ethnicity, larger studies of different ethnic populations, especially with detailed 

individual information, are needed to confirm findings. 

 Previous studies have demonstrated that the effects of PON1 

polymorphisms markedly differ between Caucasians and African Americans.  

Contradictory what has been shown in Caucasian populations, studies have 

found significantly lower levels of PON1 and increased defective HDL-C in 

African American populations.191,192 Increased CVD risk may be partly attributed 

to defective HDL-associated PON1.  One specific study found that both genotype 

distribution and allele frequency showed significant race difference, with African 

Americans having higher frequency of the variant R192 allele than Caucasians, 

where the variant allele was the predominant one in African Americans.193 This 

study also found that the high activity R allele was associated with increased 

HDL cholesterol level in Caucasians, whereas the low activity (variant) Q allele 

was associated in African Americans.  However, other studies have supported 

that no significant association of blood lipid levels with PON1 variants exist.194 
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Few studies have investigated this issue in African American populations and 

even African populations, where CVD is increasing in prevalence but a  

While a linkage for HDL-C in West Africans identified a region that includes 

PON1, few studies have investigated and characterized the relationship between 

PON1 and lipid related levels.195 Unfortunately, the power to detect genetic 

association in this ethnic group is limited due to the relatively small numbers of 

participants.  

 Genetic polymorphisms are known to modulate PON-1 activity, but despite 

the large impact of PON1 genetic variation on PON1 activity, this variation is 

inconsistently associated with vascular disease status.  Several polymorphisms 

in the PON1 gene have been shown to be reliable predictors in development of 

disease and risk.  Two genetic variants of PON1, the Q192R g.21439A>G 

(rs662) and L55M g.12801T>A (rs854560) polymorphisms, which profoundly 

affect the activity of serum paraoxonase, have been aggressively studied for their 

association CVD.196,197  

 PON1 Q192R has a strong effect on PON1 activity levels by significantly 

affecting the catalytic efficiency.  The PON1 192R variant allele is a result of a 

base pair change from A to G, causing an amino acid change from glutamine (Q) 

to arginine (R).  PON1 paraoxonase activity is lower in individuals with the QQ 

genotype compared to individuals with the RR genotype.198,199 Despite, the ability 

of the QQ genotype to efficiently hydrolyze paraoxon, an acetylcholinesterase 

inhibitor, it is more efficient at metabolizing oxidized HDL-C and LDL-C.200,201 

African Americans have been shown to have higher paraoxonase and lower 
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diazoxonase activity than Caucasians.  This observation with PON1 Q192R is 

suitable, in that African Americans lower QQ genotype frequency than did 

Caucasians.192 

 PON1 L55M has been associated with plasma PON1 protein levels, with 

the M allele being correlated with decreased mRNA and protein levels.  The L 

allele is associated with higher serum activity, higher stability and resistance to 

proteolysis.  The relationship between CVD risk and the PON1 L55M 

polymorphism is unclear, the data even on enzyme activity with this SNP are 

conflicting.  High L allele frequency might be suggestive of its role in maintaining 

high levels of enzyme.202,203 Despite the consequence of cardiovascular events, 

such as MI, associated with low serum PON1 activity, studies have provided 

opposing evidence.  Data has shown that the homozygous variant (MM) possess 

HDL that was most effective at protecting LDL, and potentially a more protective 

genotype against CVD.204–206 Low PON1 activity is frequently associated with 

increased coronary events, so understanding the role of both PON1 Q192R and 

L55M is essential. 

 Most studies have found that PON1 activity is reduced in T2DM patients, 

independent of the PON1 genotype.207–209 The PON1 Q192R polymorphism is a 

determinant of both PON1 concentration and activity; this association appears to 

be enhanced in subjects with diabetes.210 Many studies have included African 

Americans, however the power to detect genetic association in this ethnic group 

appears to be limited due to the relatively small numbers of participants.  In a 

study involving participants from Morocco (North African), researchers observed 
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no significant differences in PON1 activities between the healthy subjects and the 

diabetic patients.211 Without data involving non-European, non-Hispanic African 

Americans, or African Americans, it is difficult to say whether these results will 

transfer.  In African Americans, a better understanding of the relationship 

between the PON1 genotypes and T2DM and lipids levels may help to clarify the 

role of PON1 as well as the previously mentioned genes, in CVD risk.  Further 

genetic studies will add information beyond the conventional cardiovascular risk 

factors in T2DM and dyslipidemia.  In addition, it will help to identify risk 

genotypes will help in early prediction and identification of at risk patients.  

 More studies designed to elucidate the relationship between diabetes and 

genetic variations influencing lipoprotein distribution are necessary, especially in 

the African American population due to their different lipid profiles in comparison 

with Caucasians as well as their higher risk for CVD.  We investigated the 

association of lipid-related polymorphisms with clinical parameters and lipid-

related characteristics associated with CVD risk and examined if diabetic status 

interacts with these genetic associations in African American men. 
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RESEARCH QUESTIONS AND HYPOTHESES 
 

 We propose to quantitatively assess relationships between specific SNPs 

and lipoprotein subclasses as well as apo-lipoproteins, within our African 

American population.  We hope to determine the lipid profile of African 

Americans and to stratify risk factors in diabetic and non-diabetic patients without 

proven CAD.   The long-term objective of this project is to understand sources of 

these differences in lipoprotein subclasses and apo-lipoproteins in African 

Americans with and without T2DM, which may influence the overall risk of CVD. 

 

Specific Aim 1 

 What is the relationship between lipid-related levels and specific genetic 

variations in HDL-associated genes (CETP and PON1)? Does stratification by 

diabetic status alter these associations in African American men? Furthermore, is 

there a multi-gene relationship between lipid-related levels and specific variations 

in HDL-associated genes (CETP and PON1) and is it affected by diabetic status? 

In addition, are there any novel effects of these specific genetic variations on 

other lipid-related parameters not yet demonstrated?   

 We hypothesize that the possession of at least one variant allele in CETP 

Taq1B will be associated with elevations in HDL-C and HDL subclasses 

compared to wild type genotypic affect, as previously shown in Caucasian 

populations. In addition, we hypothesize that possession of at least one variant 

allele in selected polymorphisms in CETP I450V, PON1 Q192R and PON1 L55M 

will be associated with reductions in HDL-C and HDL subclasses compared to 
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wild type genotypic affect, also previously suggested in Caucasian populations.  

With complex disease states likely associated with the effects of multiple 

genes in combination, we hypothesize a multi-gene relationship exists between 

HDL-associated genes and lipid-related levels. 

 Insulin resistance associated with T2DM promotes a number of changes 

in lipid metabolism. Thus, we hypothesize that the genotypic effect associated 

with the variant allele will be abrogated in the presence of T2DM.  With regards 

to CETP Taq1B and T2DM, we will observe the loss of elevation patterns 

typically associated and potentially a reduction in HDL-C and HDL subclass.   In 

addition, amongst either CETP I450V, PON1 Q192R or PON1 L55M and T2DM, 

we will observe the loss of reduction patterns thought to be associated and 

potentially observe an elevation in HDL-C and HDL subclass.  Genotypes for the 

entire population (combined diabetics and non-diabetics) will be determined via 

allelic discrimination. Demographic and lipid-related data will be compared 

between those who possess at least one variant allele and those that do not, and 

then sample data will be further stratified by diabetic status. 

 

Specific Aim 2 

 What is the relationship between lipid-related levels and specific genetic 

variations in LDL-associated genes (ADIPOQ, APOE, NOX3, and PSCK9)? Does 

stratification by diabetic status alters these associations in African American 

men?  Furthermore, is there a multi-gene relationship between lipid-related levels 

and specific variations in LDL-associated genes (ADIPOQ, APOE, NOX3, and 
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PSCK9) and is it affected by diabetic status?  In addition, are there any novel 

effects of these specific genetic variations on other lipid-related parameters not 

yet demonstrated?   

 ADIPOQ rs1063537, APOE E4, NOX3 rs7754577 and PCSK9 H533R 

have been previously shown to be associated with higher levels of LDL-C, 

compared to wild type genotypic affect.  We hypothesize that this will be 

consistent in our African American population and that possession of at least one 

variant allele in the selected polymorphisms will result in lower levels of LDL-C.  

Conversely, in individuals with at least one variant allele in APOE E2, PCSK9 

A443T, and PCSK9 R46L, we hypothesize higher LDL-C levels.  With complex 

disease states likely associated with the effects of multiple genes in combination, 

we hypothesize a multi-gene relationship exists between LDL-associated genes 

and lipid-related levels. 

 After stratification for T2DM, we hypothesize that the genotypic effect 

associated with the variant allele will be abrogated in the presence of T2DM.  

With regards to ADIPOQ rs1063537, APOE E4, NOX3 rs7754577 and PCSK9 

H533R, we hypothesize the loss of elevation patterns typically associated and 

potentially a reduction in LDL-C and LDL subclass.  Furthermore, with the 

presence of APOE E2, PCSK9 A443T, and PCSK9 R46L variant alleles and 

T2DM, we hypothesize the loss of reduction patterns thought to be associated 

and potentially observe an elevation in LDL-C and LDL subclass.  Genotypes for 

the entire population will be determined via allelic discrimination.  Demographic 

and lipid-related data will be compared between those who possess at least one 
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variant allele and those that do not, and then sample data will be further stratified 

by diabetic status. 

 

Specific Aim 3 

  What is the relationship between lipid-related levels and specific genetic 

variations in triglyceride-associated genes (ADIPOQ, APOE, CETP, and NOX3)? 

Does stratification by diabetic status alters these associations in African 

American men?  Furthermore, is there a multi-gene relationship between lipid-

related levels and specific variations in triglyceride-associated genes (ADIPOQ, 

APOE, CETP, and NOX3) and is it affected by diabetic status?  In addition, are 

there any novel effects of these specific genetic variations on other lipid-related 

parameters not yet demonstrated?   

 Previous studies suggest polymorphisms in ADIPOQ rs1063537, APOE 

E4, CETP I450V and/or NOX3 may potentially be associated with elevations in 

triglycerides compared to wild type genotypic affect, however while these affects 

are not well characterized, we hypothesize they will be observed in our African 

American population.  Conversely, we hypothesize the possession on one variant 

allele in CETP Taq1B will be associated with reductions in triglyceride levels.  

With complex disease states likely associated with the effects of multiple 

genes in combination, we hypothesize a multi-gene relationship exists between 

HDL-associated genes and lipid-related levels. 

 In the presence of T2DM, we hypothesize that the effect of the variant 

alleles in ADIPOQ rs1063537, APOE E2, CETP I450V and/or NOX3 will be 
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abolished.  We hypothesize that we will observe the loss of elevation patterns 

typically associated and potentially a reduction in triglyceride levels, in the 

presence of T2DM, the presence of the variant alleles in ADIPOQ rs1063537, 

APOE E2, CETP I450V and/or NOX3 with T2DM.  Furthermore, with the 

presence of CETP Taq1B variant allele and T2DM, we hypothesize the loss of 

reduction patterns thought to be associated and potentially observe an elevation 

in LDL-C and triglyceride levels.  Genotypes for the entire population will be 

determined via allelic discrimination. Demographic and lipid-related data will be 

compared between those who possess at least one variant allele and those that 

do not, and then sample data will be further stratified by diabetic status. 
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CHAPTER 2 

LITERATURE REVIEW 

 

 The prevalence of CVD is increasing in widespread proportions around 

the world, especially in African American populations.2 This epidemic is 

responsible for major health and economic burdens, resulting in increasing 

frequency in morbidity and mortality. The etiology of CVD is multifaceted and 

involves various factors, including ethnicity/race, co-morbidities and genetics.  

 CVD-related biomarkers are necessary to the future of personalized 

medicine, disease prevention, risk stratification and efficient drug development.  

Common genetic determinants of T2DM, hypertension and dyslipidemia, major 

risk factors for CVD, have been identified through the study of traditional 

biomarkers, for example, A1C%, blood pressure and blood lipid levels.212,213 Poor 

relationship between a biomarker and its clinical endpoint may result in 

inappropriate diagnosing, staging, and monitoring of disease as well as the 

response to therapy.  As we increase our understanding of biomarkers, predictive 

power in determining disease risk will no longer be an issue and patient care 

outputs will improve.214,215 

 The onset of CVD itself suggests an unfavorable prognosis with greater 

risk of recurrent events, morbidity, and mortality.216 Although clinical evaluation is 

the basis of patient management, even this assessment has its limitations, 
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including the necessity for measurement of multiple factors, the decline in 

predictive ability once a model is applied to an external dataset and well as 

patient access to medical facilities.  Biomarkers are a beneficial tool for clinicians 

to better identify high-risk individuals, to diagnose disease conditions rapidly and 

precisely, and to effectively treat patients with disease.214,217 This review provides 

a synopsis of the history of genetic biomarker discovery and selection, 

particularly in the African American population, as well the practical 

considerations to their clinical use. 

 Pharmacogenomic studies investigate the effect of genetic differences on 

the pharmacokinetics, pharmacodynamics, effectiveness, and safety of drug 

treatments. The ultimate goal of these efforts is to develop personalized, genetic-

based strategies that will optimize therapeutic outcomes. The potential value of 

pharmacogenomics in the discovery and development of new drugs is 

advancing.218 It has current applications in the management of CVD, with 

clinically relevant data continuing to increase.  However, there are still many 

unanswered questions, especially in regards to differences in various 

racial/ethnic groups. 

 The methods that have been used for finding the genetic variants 

underlying a disease have differed according to whether the aim has been to find 

rare variants or more common genetic variants for complex disease. For 

inheritable diseases, the traditional method has been linkage analysis, in which 

chromosomal pieces in affected family members are mapped, giving the 

approximate location on the chromosome of the responsible genetic variant.219 
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Subsequent genetic investigations can then isolate the genetic variant 

responsible for disease.  This approach has been effective for finding various 

genetic disorders.219,220 Linkage analysis has also been employed as a way for 

finding genetic associations with complex disease, including CVD and CVD risk 

factors.221 In the context of CVD risk factors, a successful and widely used 

example is the associated risk of T2DM conferred by variation in the gene 

encoding the transcription factor 7-like 2 (TCF7L2), which was originally identified 

by linkage analysis.222 

 Association studies are a major tool for identifying genes causing 

susceptibility to complex disorders.  These traits and diseases are termed 

“complex” because both genetic and environmental factors contribute to the 

susceptibility risk.  Association studies search for frequency differences between 

subjects with and without disease. Early genetic association studies focused on 

polymorphisms that were located within or near genes that were previously 

suggested from linkage analysis studies and near genes with a reasonable 

biological role in the disease of interest. Unfortunately, although these candidate 

gene based studies generated many results and in some cases provided 

important findings, many of the findings could not be repeated.223,224  

 Pharmacogenetic studies have traditionally used a candidate-gene based 

approach, focusing on genetic variations in pathways known to be of relevance 

for the effect of a drug.  Our study follows the standard design and analysis of 

genetic association studies, but with the usefulness of case-control setup.  The 

study compares two groups of individuals, one healthy control group and one 
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affected by a disease. Even in this era of genome-wide studies, case–control 

studies still form the majority of published reports.225,226 

 

Historical Background 

 Understanding the role of genetics in disease has become a central part of 

medical research.  Prior to this study, little was known about the distribution of 

HDL subclasses, LDL subclasses, apolipoprotein levels and effect of genetic 

variation on these lipid related levels in African-American males.  While the 

investigation of the genetic basis of disease has helped in the identification and 

classification of key proteins in lipoprotein metabolism, the role of major genetic 

variations in plasma lipids in the minority populations has not been explained.  

 Through genotyping of hundreds of thousands of SNPS in thousands of 

individuals, genome-wide association studies (GWAS) have been used to 

facilitate the identification of common variants associated with lipid 

characteristics.  Objectives of these studies involve distinguishing novel genes 

that contribute to variation of lipid traits in the general population, in hopes of 

revealing the potential clinical relevance of a common allele.  Much like our 

study, previous studies intended to indicate that common genetic variation 

influences biochemical parameters that are measured in everyday clinical care.  

 GWAS studies have identified associations with common variants in 

genes that cause genetically-based alterations in LDL and HDL disorders, 

including PCSK9, LDLR, and APOB for LDL, and CETP for HDL.227,228 GWAS 

have also identified known targets of LDL-lowering therapies, including HMG-
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CoA reductase (HMGCR) and Niemann-Pick C1-Like 1 (NPC1L1).   Studies such 

as these promote the use of lipid-related genes as potential targets for 

therapeutic interventions.227 Testing the association of lipid-related SNPs with 

lipid-related levels as well as diabetes has the potential to provide insight into the 

relationship between of genetic modifications of lipid and CVD risk. 

 GWAS studies provide novel discovery as opposed to candidate gene 

where the basis is on known information.  One of the largest LDL-C GWAS 

study, was a meta-analysis of 46 lipid GWASs and included the LDL-C 

measurements of 95,454 individuals.229 This study revealed 37 loci significantly 

associated with LDL-C, 22 loci of which were novel loci, accounting for 12.2% of 

LDL-C trait variance in the Framingham Heart Study.  Overall, this study 

identified 95 loci that showed genome-wide significant association (p<5×10-8) 

with at least one of the four lipid related levels:  total cholesterol, HDL-C, LDL-C 

and/or triglycerides.  Among these 59 novel loci, 39 demonstrated genome-wide 

significant association.229 However, this study predominantly included individuals 

of European descent.  A more recent GWAS analysis took into account the 

absence of association evidence in African Americans and was able to replicate 

eight signals from previous European-ancestry LDL-C GWAS.228 In this analysis 

of 8,090 African Americans from the CARe consortium, were analyzed.  Utilizing 

electronic medical records, researchers analyzed two datasets of individuals: one 

calculating median LDL-C after the exclusion of some lab values based on 

comorbidities and medication and another calculating LDL-C without any 

exclusions.  Other GWAS studies have also focused on African Americans and 
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identified significant genetic associations, not only with LDL but with HDL and 

other risk factors previously identified in Caucasians, replicating 17 of those 

associations.230 

 Additionally, GWAS studies have looked at other characteristics of CVD.  

One GWAS analysis focused genetic associations with metabolic syndrome, a 

cluster of symptoms that can lead to diabetes and heart disease.  Researchers 

replicated the lipoprotein lipase (LPL) and CETP loci in African Americans, loci 

previously found to be associated with metabolic syndrome in Europeans. These 

findings provide innovative insights into the genetics of this syndrome in Africans 

as well as suggest complete ethnic transferability of gene mapping studies.137 

 

Current Relevant Literature 

 There are only a handful of published studies that examine the lipoprotein 

subclasses or apolipoproteins in African Americans with T2DM.  In the first study, 

researchers analyzed differences in lipoprotein subclass in African-American and 

Caucasian-American women with T2DM.140 However, this trial only included 

women subjects, and thus may not have been large enough to detect clinically 

significant differences.  The other studies investigated these differences in 

African Americans with T2DM, both male and female.231,232  

Study I - Differences in lipoproteins in women with T2DM140  

 Researchers in this first study investigated differences in lipoprotein 

subclass between African American and Caucasian-American women with 

T2DM.  Alterations in the plasma lipid profile are strong predictors of CVD a 
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leading cause of death and disability.  An increase in plasma triglyceride and LDL 

cholesterol concentrations and a decrease in HDL cholesterol concentration are 

considered the hallmark of pro-atherogenic dyslipidemia.22,233 Abnormal 

distributions of plasma lipoproteins subclasses have been reported in Caucasian 

women with obesity and T2DM, explaining in part for the elevated rate of CVD in 

these patients. This study examined if these disturbances also occur in obese 

and diabetic African American women and compared the lipoprotein profiles with 

Caucasian counterparts. 

 African-American and Caucasian women were stratified into 3 groups:  

lean, obese and obese with T2DM.  In African American women, researchers 

observed no differences between lean, obese, and T2DM with respect to plasma 

lipid concentrations.  In comparison, differences were observed in Caucasian 

women, where obese individuals with T2DM had significantly elevated total 

cholesterol, LDL-C, LDL particle concentrations, triglyceride, and VLDL, when 

compared to their lean and obese counterparts.  They discovered African 

American obese diabetic women, like Caucasian diabetic women, had a larger 

mean VLDL size, elevated levels of LDL, and lower levels of HDL, when 

compared to lean controls (p<0.05).  The lack of significant difference in 

triglyceride levels in African Americans is consistent with what has been seen in 

previous studies, which are typically normal triglyceride levels despite the 

presence of T2DM. 
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 The novel findings of this study were the observed atherogenic alterations 

in VLDL, LDL, and HDL subclass distributions in the severely obese AA women, 

particularly those with T2DM.  These individuals were found to found to have 

larger VLDL particles, higher levels of small LDL-C, and lower levels of large 

HDL-C, than those found in lean women.  The distinction in subclass 

classification may provide more suitable markers for CVD than lipid 

concentrations alone, particularly in African American women. Furthermore, the 

almost undetectable differences in lipoprotein profiles suggest that race-specific 

criteria may be needed to screen patients for CVD. 

Study II - Differences in lipoproteins in African Americans with T2DM231  

 There have been a number of recent GWAS for lipid and lipoprotein traits 

that include the standard clinical lipid panel of LDL, HDL, and/or TG.234,235 In this 

second study, investigators identified genetic links to lipoprotein subclasses in 

Gullah-speaking African Americans with T2DM.  Researchers sought to 

distinguish the genetic and environmental influences on lipoprotein subclasses 

and identify genetic variants that impact serum lipoprotein levels in a group of 

Gullah-speaking African-Americans.   

 The primary aim of this study was to assess the influence of genes and 

environment on mean size of major lipoproteins and lipoprotein subclasses 

known to have significant effects on distinctive cardiovascular outcomes.  This 

study included individuals self-described as African-American race, with at least 

one T2DM-affected sibling pair, no more than one of the parents affected with 

T2DM, and at least one parent still living.  A genome scan involved a total of 967 
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individuals, including 791 T2DM-affected subjects and 176 unaffected relatives 

(from 418 families), where a total of 5,974 SNPs were successfully genotyped.  

Traditional lipid panel measures were included to calculate genetic and 

environmental correlations between conventional lipid measures and lipoprotein 

classes and to determine whether underlying genetic contributors to these traits 

differed. 

 Researchers observed significant genetic contribution to multiple 

lipoprotein subclasses studied in this sample and that particular SNPs were 

contributing to LDL and VLDL particle concentration.  Large VLDL particle 

concentration and sdLDL particle concentration had the two strongest heritability 

estimates.  While the study did not find between associated regions and the 

corresponding lipoprotein subclass linkage signals, their results suggest that 

there is a significant genetic influence on a number of lipoprotein subclasses 

studied.  The study supports the notion that while a number of lipid GWAS 

studies have been conducted, they were predominantly done in European, and 

they have failed to translate to African-American populations.  Results encourage 

the need for more studies targeting the African American population.  

Study III - Effect of diabetes on lipid concentrations in African American 

and Caucasian men and women232 

 Despite the significant role that dyslipidemia is thought to play in the 

development of cardiovascular disease in diabetes, most studies examining 

diabetic dyslipidemia have not been population based. It is for this reason that 

very little data are available for African Americans with diabetes.  Data from a 
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national survey compared the effect of diabetes on lipid concentrations in 

African-American and Caucasian men and women. In addition, other factors 

related to lipid concentrations were examined and controlled for these factors in 

our analyses. 

 The Second National Health and Nutrition Examination Survey included a 

sample of 4177 African Americans and Caucasians in the US civilian non-

institutionalized population 20 to 74 years old. These individuals were 

categorized into two groups, having diabetes mellitus (n = 720) or as being non-

diabetic (n = 3457), based on an oral glucose tolerance test and a medical 

history of diabetes.  Physical examination of all participants included 

measurement of serum lipoproteins, body mass index, body fat distribution, and 

use of medications, in addition to other measurements. Using univariate analysis, 

abnormal concentrations of lipids was found in diabetic participants more than in 

non-diabetic subjects, regardless of race or sex.  Interestingly, mean total and 

LDL concentrations tended to be worse in women with diabetes than in men. 

When other factors significantly affecting lipid levels were adjusted by 

multivariate analysis, researchers found that total cholesterol was higher in 

diabetic participants than in non-diabetic, however differences were not 

significant.  Triglyceride concentrations were significantly higher and HDL 

concentrations were lower in diabetic subjects.  A statistically significant 

interaction between diabetes and race was found for LDL, where concentrations 

were substantially lower in diabetic African American participants compared to 
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non-diabetic African Americans, but slightly higher compared to diabetic 

Caucasians.   

 The results of this study are interesting in that the presence of diabetes is 

associated with elevated triglycerides and lower HDL-C.  In addition, T2DM 

indeed alters lipid related levels in African Americans.  It would be of interest to 

observe if other mechanisms, for example the effect genetic variants, would be 

overridden by the effect of diabetes. In African Americans as well as Caucasians, 

the presence of diabetes is associated with an abnormal pattern of dyslipidemia 

that may potentiate the atherosclerotic process.  Therefore, diabetic status 

should be considered in CVD risk assessment, as additional component to any 

primary evaluated factors. 

 

Clinical Implications & Consequences 

Dyslipidemia   

 Dyslipidemia is defined as elevations in total cholesterol, LDL, triglycerides 

or decrease in HDL.  Dyslipidemia is associated with higher risk of 

atherosclerotic disease and CVD risk.  Evidence has consistently shown higher 

risk of CVD and CVD mortality associated with elevated levels of LDL.236 Both 

single gene and multi-gene diseases associated with elevated plasma levels of 

LDL may increase the risk of CVD. Studies have shown that individuals with 

mutations in the LDLR gene have 2-3 times higher LDL levels as compared to 

control subjects and may develop CVD early in their 30s and 40s.  Rare 

homozygote mutants have 6 to 10 times higher risk of developing CVD in their 
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adolescence and early adulthood.237 Managing dyslipidemia is a mainstay in 

preventing CVD and is the target for many pharmacological therapies.  The fact 

that dyslipidemia is a convincing risk factor for CVD is well established. 

Dyslipidemia can be an acquired condition, but can be due solely to hereditary 

factors.  

Type 2 Diabetes 

 Diabetes mellitus has also been recognized as a major risk factor for CVD. 

Individuals with T2DM are at a 2- to 3-fold increased risk of CVD events and 

around 60% of individuals with diabetes die from CVD related causes.  In 

addition, pre-diabetic states have also shown increased risk of CVD.238 

Abnormalities in glucose levels tend to associate with other CVD risk factors 

such as obesity, dyslipidemia, and hypertension, potentially leading to the 

metabolic syndrome.239 

 In a meta-analysis, the metabolic syndrome was associated with a 2-fold 

increased risk of CVD.  It is still up for debate whether hyperglycemia is the key 

contributing factor in developing CVD. The causality of hyperglycemia and CVD 

has been challenged and it is still undetermined if intensive glucose control can 

been associated with reduced risk of CVD.240 Most of the T2DM associated 

variants have been linked to beta-cell dysfunction and few have been associated 

with insulin resistance. Early studies on the potential associated effect of the risk 

variants on insulin secretion and action have observed that most of the variants 

were associated with imbalances in beta-cell function in healthy individuals.241 
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Cardiovascular Risk  

 The major cardiovascular risk factors, specifically, male sex, hypertension, 

cholesterol, smoking, and T2DM, are well studied and well characterized.  Risk 

prediction algorithms have been developed on the basis of these factors.  The 

Framingham risk score, that provides an estimate of the 10-year risk of CVD, has 

traditionally been the mainstay for determining CVD risk.4 Novel markers of 

disease prevention are needed to enhance risk prediction algorithms.  While the 

major risk factors explain a large proportion of the risk of CVD, they have been to 

not be well suited for African American populations.  

 It is likely that a greater portion of the genetic variance of CVD will be 

explained in the near future. Whether this will lead to genetic risk prediction that 

can be useful in clinical practice remains to be determined. Although high levels 

of predictive performance for genetic risk prediction are important, many 

additional considerations exist. 

Gaps in Literature 

 Of the previous studies mentioned in the current relevant literature, none 

analyzed the contribution of genetics on lipid related levels between individuals, 

specifically African American men, with and without T2DM.  Although these 

studies provide some preliminary information regarding the lipoproteins of African 

Americans with T2DM, additional information is needed to understand genetic 

contributions to variations in lipid levels.  An examination of advance lipoprotein 

analysis of African Americans with T2DM may provide insight into critical clinical 

differences and help determine CVD predisposition as well potential risk severity 
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beneficial for African American populations.  These findings warrant additional 

study to clarify differences and to determine if different therapeutic targets 

improve outcomes.  In addition, investigation to determine if there are genetic 

differences associated with lipoprotein levels may help elucidate potential 

treatment options for this population. Since the majority of lipid-lowering 

treatment trials were conducted in Caucasian patients, the results from these 

trials might not be applicable to African Americans.  Comparing advance 

lipoprotein analysis results of African Americans to Caucasians may identify 

critical differences, which could require different therapeutic approaches.   

 An examination of advance lipoprotein analysis of African Americans with 

T2DM may provide insight into critical clinical differences and help determine if 

different treatment strategies are necessary for this specific patient population.  

Prior to this study, little was known about the distribution of LDL subclasses and 

HDL subclasses levels in this subclass of African-American males with T2DM.  

The overall objective of our study is to examine differences between lipoprotein 

subclasses in African-American men with T2DM and a control cohort of African-

American men without T2DM.  
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CHAPTER 3 
 

METHODS 
 
 
 
 The specific goals of each aim in this study are directed at understanding: 

(1) the association between genetic variation and lipid-related levels in African 

American men; (2) the influence of T2DM on lipid-associated genetic variability; 

and (3) the impact of multi-gene associations in complex disorders as CVD.  We 

used the following methodology in order to address these objectives. 

 

STUDY PARTICIPANTS 

 The Grady Diabetes Clinic, an American Diabetes Association provider, 

cares for over 5,000 patients per year, 95% of whom are African American.  

Endocrinologists from Emory University School of Medicine and a faculty 

member from Mercer University College of Pharmacy staff the clinic.  The 

providers manage patients’ diabetes, hypertension, and dyslipidemia.  This 

project was a collaborative endeavor between all three agencies and was 

organized by the Mercer University College of Pharmacy faculty member who 

practices in the clinic.  Emory University and Mercer University investigational 

review boards approved the study.  

 Participants were recruited from the Grady Diabetes Clinic, Atlanta, 

Georgia. Subjects provided written informed consent. Inclusion criteria included 
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the following characteristics:  African-American (by self-report), male, over 30 

years of age, with T2DM, and not currently being treated with lipid-lowering 

agents.  Additionally, a control comparative population was recruited from the 

Greater Atlanta-Area.  The inclusion criteria for these patients included:  African-

American (by self-report), males, no history of impaired glucose tolerance or 

diabetes, over 30 years old, and not currently being treated with lipid-lowering 

agents. 

 This study was originally a secondary aim of a larger study; therefore the 

initial calculated power is not specific to this study.  If a trial has insufficient 

power, it may not be able to detect a variance even though a variance truly 

exists.   Therefore, if lieu of this analysis, we conducted a post-hoc power 

analysis after the completion of the study (p<0.05).   We used a retrospective 

power of an observed effect based on the sample size.  In addition, we used a 

list-wise deletion to eliminate entire observations when any one variable is 

missing from demographic information or lipid measurements.  As a general rule, 

SPSS analysis commands that perform computations handle missing data by 

omitting the missing values.   

RESEARCH DESIGN 

 The prospective cohort study utilized an experimental, mixed method, and 

exploratory approach.  The study aims to gather an in-depth understanding of the 

demographic properties of our study population based on genetic variations and 

diabetic status.  Demographics and baseline characteristics included, but are not 

limited to, age, height, weight, medication history and family history of disease. 
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Data collection was conducted at the facilities at the time of the visit in order to 

ensure that all necessary information was collection.  Participants were not 

required for a follow-up visit. 

Participant Recruitment & Data Collection 

 Written informed consent was obtained from each participant.  Informed 

consent forms were used containing information about procedures, benefits and 

risks of participating, an explanation how to acquire the results of the research, 

availability of counseling services, voluntary participation, and contact information 

of the researchers.  A complete medical history was obtained from individuals 

meeting the inclusion criteria.  A physical examination was conducted and 

included collection of: weight, height, waist to hip ratio, and blood pressure. 

Samples were obtained from African-American men, who were not receiving 

lipid-lowering therapy, and analyzed for fasting lipid profile, LDL, HDL, lipoprotein 

a [Lp(a)], apolipoprotein A1 (Apo A1), apolipoprotein B (Apo B), high sensitivity C 

reactive protein (hsCRP), glycosylated hemoglobin A1c (hbA1C), HDL particle 

size subclass distribution as well as LDL particle size subclass distribution and 

peak particle diameter determined by ion mobility and gel gradient 

electrophoresis, via contributing investigators. 

Blood Collection and Preparation 

   Blood samples [one venous puncture, three tubes (21 mL total)] for 

advanced lipid analysis and genotyping were obtained from both groups following 

a 12-hour fast.  Fasting does not significantly influence total cholesterol level, but 

HDL cholesterol level are reduced transiently postprandially.242 Hence, fasting is 
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usually not considered fundamentally necessary before total cholesterol 

measurements, 12-14 hours fasting is often recommended for HDL 

measurement.  Conversely, triglycerides are influenced by fasting, and blood for 

measurement of triglycerides should be collected after at least 12 hours 

fasting.242 Subjects in this study consented to genetic testing and allowing 

storage of their blood samples for future analysis.   

 Plasma was prepared from blood within 30 minutes and blood and plasma 

were kept at 4ºC for short-term storage and -20o for long-term storage.  Plasma 

has the advantage that it can be centrifuged and analyzed or frozen immediately 

to avoid deterioration of the sample.  Plasma lipid and lipoprotein cholesterol 

concentrations were determined by the methods of the Lipid Research Clinics.  

Triglyceride, total cholesterol, and lipoprotein cholesterol values were measured 

by enzymatic procedures.   

Lipid Measurements 

 Plasma lipid and lipoprotein cholesterol concentrations were determined 

by the methods of the Lipid Research Clinics.  Triglyceride, total cholesterol, and 

lipoprotein cholesterol values were measured by enzymatic procedures.  HDL 

cholesterol was determined by the dextran sulfate-magnesium precipitation 

procedure.19 Traditional approaches such as electrophoresis and 

ultracentrifugation are exhaustive, scientifically challenging, and may modify 

particle composition and structure.  Chemical precipitation methods may not 

completely remove apolipoprotein B (APOB)-containing lipoproteins or 

adequately capture all HDL subclasses.  These methods for HDL cholesterol 
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measurement, however, have proven to be insufficient in patients with certain 

lipoprotein abnormalities.  Immunoprecipitation provides ease of use and allows 

for quantitative separation of HDL particles without altering lipoprotein particle 

composition.  

 HDL subclass distribution was verified by a gradient gel electrophoresis 

method that utilizes a direct scan of the pattern from each sample, determining 

the particle diameter and the actual distribution of particle sizes.23 This is one of 

the most widely used methods for plasma and serum LDL and HDL subclass 

analysis.  The HDL particle size subclass classification, from largest to smallest, 

is reported as the following subclasses:  HDL 2b, HDL 2a, HDL 3a, HDL 3b, and 

HDL 3c, where the largest subclasses are the least dense and more effective.  

HDL 2b is considered the most clinically significant subclass relevant to patient’s 

outcome.  HDL-C was also divided into three subclasses, grouped into small (S), 

intermediate (M) and large (L) based on the sub-classes determined through gel 

electrophoresis. 

 Most clinical laboratories estimate LDL concentrations in serum by the 

Friedewald formula from the concentrations of total cholesterol, triglyceride and 

HDL cholesterol.243 Low-density lipoprotein cholesterol was calculated from the 

following equation: LDL cholesterol = total cholesterol - HDL cholesterol - 

(triglycerides/5).20 Typically, LDL subclass distributions are determined by two 

methods.   LDL subclasses determined by an ion mobility method and peak 

particle diameter, which utilizes an electrospray method, are reported as LDL 1-

4.22 LDL subclasses I – IV were determined by gradient gel electrophoresis 
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method, analogous to HDL subclass determination.  Ion mobility lipoprotein 

fractionation is a technology that uses gas-phase electrophoresis to separate 

lipoproteins on the basis of size, via charge and velocity.244 Following the 

separation, each lipoprotein particle is directly detected and counted as it exits 

the separation chamber.  The LDL size sub classes were separated into the 

following groups (from largest size to smallest size):  LDL I, LDL IIa, LDL IIb, LDL 

IIIa, LDL IIIb, LDL IVa, and LDL IVb, where the largest subclasses are less 

atherogenic.   LDL subclasses measurements were expressed as millimoles per 

liter (mmol/L) and percentages (%).  Low-density lipoprotein patterns were also 

divided into three groups:  large pattern: A (263.5 - 285 Å), intermediate pattern: 

AB (257.4 - 263.4 Å), and small pattern: B (220 - 257.4 Å).  Via NMR, plasma 

concentrations large (LDL L), intermediate (LDL M) and small LDL (LDL S) can 

be evaluated. 

 APOB was determined by a competitive enzyme-linked immunoassay 

procedure using a well-characterized and specific monoclonal antibody.245 

Concentrations of hsCRP were determined using an immunoturbidimetric assay 

on the Hitachi 911 analyzer (Roche Diagnostics, Indianapolis, IN), using reagents 

and calibrators from Denka Seiken (Niigata, Japan).  The homocysteine 

concentration was determined using a competitive immunochemiluminometric 

assay.  Homocysteine is a nonessential amino acid that has been described to 

unfavorably affect vascular function when elevated.246  

Preparation of DNA    
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 DNA was purified from whole blood using a commercially validated kit, 

Gentra Puregene Blood Kit from Qiagen.  The simple Puregene procedure uses 

a modified salting-out precipitation method for purification of DNA.  Cells were 

lysed with an anionic detergent in the presence of a DNA stabilizer.  The DNA 

stabilizer limits the activity of intracellular DNases and also DNases found 

elsewhere in the environment. RNA is then removed by treatment with an RNA 

digesting enzyme. Other contaminants, such as proteins, were removed by salt 

precipitation. Finally, the genomic DNA was recovered by precipitation with 

alcohol and dissolved in hydration solution (1 mM EDTA, 10 mM Tris·Cl pH 7.5). 

Purified DNA typically has an A260/A280 ratio between 1.7 and 1.9, and is up to 

200 kb in size.  The DNA can be safely stored at 2–8°C, –20°C, or –80°C.  

Working stocks of DNA were prepared for used in SNP detection, all at the same 

DNA concentration to avoid a wide range of fluorescence activity within a 

genotype group.  

STUDY PROCEDURE 

SNP detection 

 Genotyping was performed using commercially validated 5’-allelic 

discrimination assay via TaqMan real-time polymerase chain reaction according 

to the manufacturer’s instruction in triplicate (Life Technologies, Grand Island, 

NY).  Each primer and probe set was used in the TaqMan SNP genotyping 

assays (Applied Biosystems) in accordance with the information on the Applied 

Biosystems website.  The SNPs of interest and probe primer sequence are listed 

in following table (Table 3). 
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Preparation of Probes and Assay Mixture  

 Ready-made MGB and TAMRA quenched probes were dissolved in TE 

buffer (10 mM Tris–HCl, 1 mM EDTA, pH 8.0) at 100 micromolar concentrations.   

 

Table 3.  List of Targeted Gene and related SNP information 

GENE SNP REF ID Location MGB probe sequence [VIC/FAM] 

ADIPOQ1  rs1063537 NG_021140.1 
g.18613C>T 

AGGAGACAATAACTCCAGTGATGTT[C/T]
TTCAAAGATTTTAGCAAAAACAGAG 

APOE 
E3 rs7412 NG_007084.2 

g.8041C>T 
CCGCGATGCCGATGACCTGCAGAAG[C/
T]GCCTGGCAGTGTACCAGGCCGGGGC 

E4 rs429358 NG_007084.2 
g.7903T>C 

GCTGGGCGCGGACATGGAGGACGTG[C/
T]GCGGCCGCCTGGTGCAGTACCGCGG 

CETP 

Taq1B rs708272 NG_008952.1 
g.5454G>A 

CTGAGACCCAGAATCACTGGGGTTC[A/G
]AGTTAGGGTTCAGATCTGAGCCAGG 

I450V rs5882 NG_008952.1 
g.25258G>A 

TGATTGGCAGAGCAGCTCCGAGTCC[A/
G]TCCAGAGCTTCCTGCAGTCAATGAT 

NOX3  rs7754577 NG_011995.1 
g.10788C>G 

GGTCGCCATGGAGGAGTGGGATGAG[C/
G]GGCACTTTGCTCTGGGTTGCAGTTC 

PCSK9 

A433T rs28362263 NG_009061.1 
g.23636G>A 

GGTACTGACCCCCAACCTGGTGGCC[A/
G]CCCTGCCCCCCAGCACCCATGGGGC 

H533R rs28362270 NG_009061.1 
g.25094A>G 

AGCATGGGGACCCGTGTCCACTGCC[A/
G]CCAACAGGGCCACGTCCTCACAGGT 

R46L rs11591147 NG_009061.1 
g.5428G>T 

TACGAGGAGCTGGTGCTAGCCTTGC[G/T
]TTCCGAGGAGGACGGCCTGGCCGAA 

PON1 

Q192R rs662 NG_008779.1 
g.21439A>G 

TAAACCCAAATACATCTCCCAGGAT[C/T]
GTAAGTAGGGGTCAAGAAAATAGTG 

L55M rs854560 NG_008779.1 
g.12801T>A 

GCCAGTCCATTAGGCAGTATCTCCA[A/T]
GTCTTCAGAGCCAGTTTCTGCCAGA 

 

Freezer stocks of the non-labeled reverse and forward primers were dissolved in 

nuclease-free water at 100 micromolar concentration and working stocks were 

diluted to 10 micromolar concentrations.  SNP assays purchased from ABI are 

ready to use.  Real-Time PCR was performed in 12.5 microliters reaction 

mixtures containing 6.25 microliters of TaqMan universal master mix (Applied 

Biosystems), 300 nM concentrations of each primer, 250 nM WT probe, and 1 
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microliter of sample DNA. Thermocycling was optimized and performed on the 

Agilent Mx3000P qPCR System (Stratagene) consisting of 10 min at 95°C for 

Takara Taq activation, and 40 cycles of 95°C for 15 s and 60°C for 1 min.   

 Analysis of allele discrimination was conducted utilizing the Mx3000P 

software where the threshold cycle (Ct) value for each dye in each sample 

determining the genotype. Protocol provided by the manufacturer suggests using 

a 50-cycle parameter, with 40 Ct value indicating correctly denoted genotypes.  

However, we suspected that we would identify frequent false positives, therefore 

modifications to suggested parameters included: cycling optimized to a 40-cycle 

analysis and Ct values of <30 cycles.  Samples were documented as reliable if 

they had Ct values of ≤30 cycles and displayed fluorescent signal appropriately 

peaking over threshold.  In addition, control samples were validated via 

commercial sequencing via Sanger method on ABI 3730XL sequencers.  

Allelic Discrimination   

 TaqMan genotyping instrumentation and reagents are supported by 

Applied Biosystems.  The Taqman genotyping assay is based on the method of 

Forster Resonance Energy Transfer (FRET).247,248 Fluorescence resonance 

energy transfer is an interaction dependent on the proximity of two dye molecules 

where the state excitation is transferred from a high-energy molecule to a low-

energy molecule.  The effectiveness of FRET is reliant on the power of the 

intermolecular junction, making it suitable over distances comparable to the 

proportions of molecules.  
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 FRET is an important technique for examining a various range of 

biological events that produce changes in molecular proximity.248 In most 

applications, the high-energy and low-energy dyes are different, in which case 

FRET can be detected by the appearance of triggered fluorescence of the low-

energy or by quenching of high-energy fluorescence. When the high-energy and 

low-energy dyes are the same, FRET can be detected by the resulting 

fluorescence depolarization.    

 The Taqman SNP Genotyping Assay is a progressive, validated, and 

commonly used technology (Figure 3).  It requires sequence-specific forward and 

reverse primers to amplify the SNP of interest, two Applied Biosystems™ 

TaqMan minor-groove binding (MGB) probes with distinct fluorescent dyes and a 

nonfluorescent quencher (NFQ) at the 3' end of the probe.  The bi-allelic SNP is 

located within the probe.  Each allelic-specific MGB probe is labeled with a 

Figure 3.  Taqman SNP Genotyping Assay 
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fluorescent reporter dye, FAM or VIC reporter molecule and attached to 

fluorescence quencher.  Each fluorescent dye corresponds to a specific allele. 

 In an unhybridized state, the probe remains intact.  The proximity of the 

fluorophore and quencher prevents detection of the fluorescent signal.  During a 

polymerase chain reaction (PCR), when a probe hybridizes to the target, the 5’-

nuclease activity of the Taq DNA polymerase cleaves the reporter dye (FAM or 

VIC) from the MGB probe.  Away from the quencher dye, the high-energy 

fluorophore is now in an excited state and light emission can be observed.  An 

increase in either FAM or VIC dye fluorescence indicates homozygosity for FAM- 

or VIC-specific alleles (XX or YY) whereas an increase in the fluorescence of 

both dyes indicates heterozygosity (XY).  Fluorescence increases with each 

cycle, proportional to amount of probe cleavage.  A complete PCR reaction 

included 40 cycles and genotypes were confirmed by quantifying emission before 

the 30th cycle.  

Assay Validity and Reliability 

 FRET-based genotyping approaches are fast and can be monitored in real 

time. In addition, these assays can use standard microtiter plates in 96- to 1536-

well formats. The ability to systematize data handling further enhances precision 

by removing operator bias.249,250 These assays are robust for large-scale 

characterization of the same genetic polymorphism. Both TaqMan and molecular 

beacon assays involve dual-labeled probes and PCR reactions, which are likely 

more expensive than other available FRET-based technology. 
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DATA ANALYSIS & STUDY DESIGN 

 The goal of this study is to understand genetic associations with lipid 

levels and lipoprotein subclasses in African-American males with and without 

T2DM.  Our long-term goal is to identify polymorphisms that can serve as 

biomarkers in the prediction, development and management of cardiovascular 

events in patients with both T2DM and dyslipidemia.   Genotypes for the entire 

population (combined diabetics and non-diabetics) will be determined via allelic 

discrimination. Demographic and lipid-related data will be compared between 

those who possess at least one variant allele and those that do not, and then 

sample data will be further stratified by diabetic status.  All statistical analyses in 

the current thesis were done by using SPSS v.21.0 (IBM Corp., Armonk, NY, 

USA) where a p-value < 0.05 was considered statistically significant.   

 For sub-aim a (for all specific aims 1-3), we investigated the relationship 

between lipid-related levels and specific genetic variations in African American 

men.  Continuous variables were compared by Student’s t-test.   We observed 

the association in the means of normally distributed interval dependent variables, 

such as HDL and LDL levels, between the two independent genotype groups.  

Nominal variables were compared by Chi-square or Fisher’s exact test, these 

analyses test for associations between two categorical variables, for example 

genotype frequency.   

 Specifically, for the APOE analysis, a one-way ANOVA test was used in 

order to observe the genotypic effect between 4 genotype groups.  A one-way 

ANOVA is used to determine whether there are any statistically significant 
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differences between the means of two or more independent unrelated groups:  

E2 allele carriers, E3/E3 genotype, E4 allele carriers and E3/E3 genotype.  To 

determine which specific groups differed from each other, we performed a 

Bonferroni post hoc test.  We chose not to use a t-test, due to the increased 

possibility of Type I error. By running multiple t-tests on the same data, the 

change of a false positive is increased by 10%. 

 For sub-aim b (for all specific aims 1-3), we determined if stratification by 

diabetic status alters specific genetic variation associations with lipid related 

levels in African American men.  A two-way ANOVA analysis was used to assess 

the effects of T2DM on the combined genotypic affects in demographics and lipid 

related data.  The two-way ANOVA compares the mean differences between 

groups that have been split on two independent variables, diabetic status and 

genotype group.  The primary principle of a two-way ANOVA is to understand if 

there is an interaction between the two independent variables on the dependent 

variable, the lipid-related levels.  Each variable will have two or more levels within 

it, and the degrees of freedom for each factor is one less than the number of 

levels.  There are three hypothesis to be tested: (1) the main effect “genotype” is 

not significant, (2) the main effect “diabetic status” is not significant and (3) the 

interaction effect is not present.   

 An additional set of parameters must be used to explain the differences 

between the variable means.  When you have a statistically significant 

interaction, reporting the main effects can be misrepresentative. Therefore, we 

also reported the simple main effects.  A simple main effect is a main effect of 
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one variable at a given level of a second variable.  This change in the simple 

main effect is most easily seen in the graph of the interaction.  To determine this 

simple main effect, we performed a Bonferroni post hoc test. 

 For sub-aim c (for all specific aims 1-3), we assessed if there is a multi-

gene relationship between lipid-related levels and specific genetic variations, as 

well as if it is affected by diabetic status.  A three-way ANOVA and factorial 

ANOVA analysis was used to assess the effects of T2DM on the combined 

genotypic affects in any modified demographics.  This statistical test is used to 

determine the effect of three nominal predictor variables on a continuous 

outcome variable, for example 2 genotype groups and diabetic status. A three-

way ANOVA test analyzes the effect of the independent variables (lipid-related 

levels) on the expected outcome along with their relationship to the outcome 

itself.  A three-way ANOVA is a type of factorial ANOVA, but is limited to 3 

variables.  Factorial ANOVA allows the comparison of 3 or more variables.  

Factorial ANOVA also allows the examination of the interaction effect between 

the factors. An interaction effect is said to exist when differences in one factor 

depend on the level of other factor.  Factorial designs are efficient. Instead of 

conducting a series of independent studies, these studies can be effectively 

combined into one. Factorial designs are the only effective way to examine 

interaction effects. 

 For sub-aim d (for all specific aims 1-3), we sought to determine if there 

are any novel effects associated with these specific genetic variations on other 

lipid related levels not yet demonstrated.  We utilized all of the previously 
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mentioned statistical analysis for this sub-aim.  Continuous variables were 

compared by Student’s t-test, and nominal variables were compared by Chi-

square or Fisher’s exact test.  A two-way ANOVA analysis was used to assess 

the effects of T2DM on the combined genotypic affects in demographics and lipid 

related data.  A three-way ANOVA and factorial ANOVA analysis was used to 

assess the effects of T2DM on the combined genotypic affects in any modified 

demographics.   
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CHAPTER 4 

RESULTS 

 
 

Study Population Characteristics 
 

  

 Of the 105 subjects included in our study, a total of 55 participants had 

T2DM and the remaining did not.  Key demographic and clinical characteristics 

are summarized in Table 4.  Subjects with T2DM were on average 8 years 

younger (p<0.05).  After stratification by each genotype and diabetic status, a 

significant difference in age no longer existed.  As expected, participants with  

Table 4.  Demographic profile and clinical indicators of CVD, risk, stratified according to 
diabetic status* 

 Total  
(n=105) 

Control  
(n=50) 

T2DM  
(n=55) P# 

Age (years) 49.7 + 11.4 43.4 + 13.1 52.0 + 8.0 0.000 
Height (in) 69.7 + 2.6 69.3 + 2.4 70.0 + 2.7 0.186 
BMI (kg/m2) 29.4 + 7.2 29.9 + 7.5 29.0 + 7.0 0.507 
Waist to Hip Ratio 1.01 + 0.3 1.0 + 0.2 1.0 + 0.3 0.865 
SBP (mmHG) 139.6 + 22.5 139.3 + 22.3 139.8 + 22.9 0.914 
HbA1C (%) 7.2 + 2.4 5.6 + 0.4 8.6 + 2.6 0.000 
FBG (mg/dL) 123.5 + 73.6 83.1 + 17.4 160.9 + 85.3 0.000 
TC (mg/dL) 171.4 + 41.4 159.2 + 36.2 182.8 + 43.0 0.003 
LDL (mg/dL) 97.6 + 34.7 89.8 + 26.3 104.9 + 39.9 0.024 
HDL(mg/dL) 50.8 + 20.7 51.3 + 20.6 50.4 + 21.0 0.842 
TG (mg/dL) 114.81 + 81.0 90.8 + 71.3 137.0 + 83.6 0.003 
*Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, 
glycated hemoglobin A1c; FBG, fasting blood glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total 
cholesterol; LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, 
triglycerides; LP(a), lipoprotein a. 
# p-value marked 0.000 indicates p-value <0.0005 
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diabetes had a significantly higher HbA1C and fasting blood glucose (p<0.05) 

compared to the nonDM group.  There were no differences in blood pressure, MI, 

height or waist to hip ratio observed.  Participants with T2DM had statistically 

significantly higher total cholesterol, LDL-C and triglyceride levels.  Despite this 

observed elevation between T2DM and non-diabetics, LDL-C and triglyceride 

levels were interestingly within goal levels (<100mg/dL & <150mg/dL, 

respectively) despite diabetic status.  The elevated HDL-C levels in our total 

population are consistent with previous findings that African Americans have 

higher HDL-C than Caucasians.  In addition, participants with T2DM had 

significantly fewer large LDL particles (p=0.02) and smaller LDL peak diameter 

(p=0.03).  Significantly more T2DM participants had LDL peak particle diameters 

in the very small and small range and fewer subjects with LDL peak particle 

diameters in the large range compared to their nonDM counterparts. (p=0.04) 

High sensitivity CRP levels were significantly higher in the diabetes group 

compared to the control group (4.7 ± 0.7 mg/L vs. 2.1 ± 0.8 mg/L, p=0.02).  

  

ANALYSIS OF RESARCH QUESTIONS 

Specific Aim 1.  HDL-associated genes (CETP & PON1) 

 CETP.   The CETP gene plays an essential role in regulating cholesterol 

homeostasis.  A strong inverse association exists between plasma HDL levels 

and incidence of CVD.  While genetic variability in candidate genes involved in 

lipoprotein metabolism has been clearly associated with abnormal lipid 

metabolism profiles that may contribute to the pathogenesis of atherosclerosis, 
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most of the studies focus primarily on Caucasian adult populations.  Our initial 

aim includes a focus on the candidate gene CETP, due to the hypothesis that 

therapies aimed at increasing HDL may improve CVD risk.   

 Our lab found the distribution of CETP Taq1B genotypes to be consistent 

with previously published allele frequencies in African Americans.  Specifically, 

the genotype frequencies in 104 African American men with and without T2DM 

can be found in table 5.  We observed no statistically significant differences in 

genotype frequency for Taq1B between T2DM and nonDM individuals (χ2(2) = 

3.636, p=0.162).  The baseline characteristics and clinical indicators of the 104 

subjects, stratified by genotype and diabetic status, are shown in Appendix Table 

A1.   

 

 

 Key lipoprotein levels and diabetic related levels were similar amongst all 

groups.  Lipid-related levels were compared between the two genotype 

subgroups of patients and were further divided by diabetic status.  The mean 

LP(a) differed significantly between genotype groups in individuals with T2DM, 

(p=0.037), where B2 allele carriers had statistically lower levels compared to 

Table 5.  CETP Taq1B Genotype Frequencies	

 All  
(n=104) 

Non DM 
(n=50) 

T2DM 
(n=54) 

P
f 

Taq1B Genotype    	
B1B1 71 (67.0) 34 (68.0) 36 (66.6) 0.162 

B1B2 23 (21.7) 13 (26.0) 9 (16.7) 	
B2B2 12 (11.3) 3 (6.0) 9 (16.7) 	
*Data listed as number of individuals (% genotypic frequencies), unless otherwise noted 
^Genotype according to amino acid change 
f p-value level from Chi-Squared Test 
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Table 6.  Lipoprotein and Subclass Levels stratified by CETP Taq1B Genotype and Diabetic Status 
  

 
 

Non DM (n=50) T2DM (n= 54) Whole Cohort (n= 104) 

 
B1B1 

(n= 34) 
B1B2 & B2B2 

(n=16) P# B1B1 
(n= 36) 

B1B2 & 
B2B2       

(n= 18) 
P# Genotype 

Effect# 
Diabetic 
Effect# 

 

Genotype* 
Diabetic Effect~ 

 
Subclasses:*          

TC (mg/dL) 161.8 + 29.9 153.7 + 47.6 0.538 186.9 + 43.8 174.5 + 41.0 0.321 0.249 0.003 0.797 

HDL  (mg/dL) 53.8 + 21.7 45.8 + 17.2 0.202 49.9 + 17.7 51.6 + 27.0 0.805 0.505 0.842 0.168 

HDL 3c  (mg/dL) 7.5 + 1.9 6.9 + 2.7 0.343 7.4 + 2.8 8.1 + 2.9 0.430 0.936 0.446 0.232 

HDL 3b^  (mg/dL) 18.2 + 3.4 15.6 + 3.6 0.012 19.0 + 4.5 17.8 + 5.5 0.279 0.031 0.231 0.451 

HDL 3a  (mg/dL) 29.2 + 4.1 26.5 + 6.3 0.082 29.1 + 3.8 25.8 + 6.3 0.069 0.004 0.805 0.771 

HDL 2b^  (mg/dL) 20.4 + 7.6 25.1 + 11.3 0.322 19.0 + 8.0 25.5 + 12.7 0.069 0.017 0.458 0.722 

HDL 2a^  (mg/dL) 25.1 + 3.1 26.3 + 3.6 0.132 25.7 + 3.8 23.0 + 2.9 0.015 0.293 0.410 0.015 

HDL S  (nmol/L) 19901 + 
2986 

20222 + 3520 0.739 18496 + 3616 17539 + 2818 0.331 0.522 0.007 0.672 

HDL L^  (nmol/L) 8203 + 2137 8993 + 1517 0.191 7296 + 1760 8521 + 2783 0.101 0.019 0.034 0.570 

LDL (mg/dL) 90.4 + 23.2 88.6 + 32.8 0.825 109.7 + 43.2 95.4 + 31.1 0.217 0.265 0.024 0.490 

LDL IVb^  (%) 1.2 + 0.6 1.0 + 0.9 0.070 1.5 + 0.8 1.3 + 0.9 0.414 0.047 0.654 0.930 

LDL IVa^  (%) 3.0 + 1.3 2.4 + 1.9 0.053 2.9 + 1.4 2.3 + 1.4 0.118 0.012 0.599 0.642 

LDL IIIb^  (%) 3.5 + 1.5 3.0 + 2.5 0.117 3.6 + 2.1 2.7 + 1.5 0.085 0.009 0.781 0.790 

TG (mg/dL) 88.1 + 58.3 95.6 + 95.3 0.699 136.9 + 81.7 137.5 + 89.9 0.977 0.765 0.003 0.814 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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wild-type individuals.  An elevated LP(a) is a strong independent risk factor for 

CHD.  The associations of lipid-related levels with Taq1B are reported in Table 6. 

The CETP Taq1B polymorphism was significantly related to select HDL 

subclasses.  Among Taq1B B2 allele carriers, levels of the large subclasses HDL 

2b and HDL L were significantly elevated, whereas smaller HDL subclasses, 

HDL 3a and HDL 3b, were significantly decreased. 

 Frequently, CETP analysis observes associations with HDL levels only.  

However, there is a potential to modulate both lipoprotein levels, due to 

cholesteryl ester transfer from HDL to LDL.  We also analyzed other lipid related 

levels to see if any other associations existed.  We found B2 allele carriers were 

also significantly associated lower percentages of the LDL subclasses:  LDL IVb, 

LDL IVa and LDL IIIb.  The Taq1B polymorphism did not appear to significantly 

modify total HDL-C or LDL-C levels.  However, it appears that LDL-C is higher in 

T2DM B2 variant allele carriers than nonDM B2 variant allele carriers. 

 After stratification of diabetic status, no interactions between genotype and 

diabetic status was identified for the previously identified associations, HDL 2b, 

HDL L, HDL 3a, HDL 3b, LDL IVb, LDL IVa or LDL IIIb.  Associations with the 

HDL and LDL subclasses, observed with the genotypic affect, were unchanged 

despite diabetic stratification. Specifically, the trend of reduced HDL3a and 

HDL3b as well as the increase in HDL2b and HDL L among B2 allele carriers 

was consistent in both nonDM and T2DM groups, indicating there is not an 

interaction between T2DM and Taq1B genotype. 
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 In addition to these findings, we observed a statistically significant 

interaction between genotype and diabetic status on HDL2a, F(1,98) = 6.189, 

p=0.015  (Figure 4, Table 6).  T2DM B2 allele carriers had a significantly lower 

HDL2a mean level compared to nonDM males possessing the B2 allele 

(p=0.012).  We also found that T2DM males possessing the B2 allele had a 

significantly lower HDL2a level compared to T2DM B1B1 males (p=0.013).  The 

presence of T2DM reduces the elevation patterns of the HDL lipoprotein sub-

fraction HDL2a, typically associated with the Taq1B2 allele.  This suggests that 

the presence of T2DM potential weakens the CETP genotypic effect of specific 

HDL subclasses. 

 To better understand the role of CETP in CVD, we analyzed another 

variant, CETP I405V, and its role in modulating HDL-C.  The distribution of CETP 

I450V genotype in 104 African American men with and without T2DM can be 

Figure 4.  Selected 
characteristics and clinical 
indicators of CVD risk, data 

stratified APOE Taq1B 
according to genotype and 

diabetic status 
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found in table 7.  The baseline characteristics and clinical indicators of the 104 

subjects, stratified by genotype and diabetic status, are shown in Appendix table 

A2. There were no statistically significant differences in genotype frequency for 

I405V between T2DM and nonDM individuals (χ2(2) = 4.456, p=0.108).  

 

Table 7.  CETP I405V Genotype Frequencies	

 All  
(n=104) 

Non DM 
(n=50) 

T2DM 
(n=54) 

P
f 

I405V Genotype    	
II 37 (35.6) 20 (40.0) 17 (31.5) 0.108 

IV 44 (42.3) 16 (32.0) 28 (51.8) 	
VV 23 (22.1) 14 (28.0) 9 (16.7) 	
*Data listed as number of individuals (% genotypic frequencies), unless otherwise noted 
^Genotype according to amino acid change 
f  p-value level from Chi-Squared Test 
 

 

 We observed no statically significant differences between CETP I405V 

genotype groups (Table 8).  Residual analysis was performed to test for the 

assumptions of the two-way ANOVA. There were no outliers, residuals were 

normally distributed (p>0.05) and there was homogeneity of variances (p=0.061). 

Data are mean + standard deviation, unless otherwise stated.  In analysis of the 

relationship between genotype and diabetic status on HDL-associated lipid 

related levels for CETP I450V, we found no evidence of a statistically significant 

interaction. 

 In review, lipid-related levels for each genotype, CETP Taq1B and I405V, 

were normally distributed, as assessed by Shapiro-Wilk's test (p>0.05), and there 

was homogeneity of variances, as assessed by Levene's test for equality of 

variances (p=0.174) (Table 6 & 8, respectively).  We detected a statistically 
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Table 8.  Lipoprotein and Subclass Levels stratified by CETP I405V Genotype and Diabetic Status 
 

 
Non DM (n=50) T2DM (n= 54) Whole Cohort (n= 104) 

 
II 

 (n=20) 
II & IV  
(n=30) P# II 

(n= 17) 
IV & VV      
(n= 37) P# Genotype 

Effect# 
Diabetic 
Effect# 

 

Genotype* 
Diabetic Effect~ 

 
Subclasses:*          

TC  (mg/dL) 149.8 + 40.4 165.5 + 32.3 0.133 188.7 + 50.4 180.1 + 39.5 0.501 0.487 0.003 0.140 
HDL  (mg/dL) 45.8 + 18.0 54.9 + 21.6 0.126 51.2 + 17.7 50.1 + 22.6 0.854 0.355 0.842 0.288 

HDL 3c  (mg/dL) 7.5 + 2.0 7.1 + 2.1 0.541 7.1 + 2.6 7.9 + 3.0 0.296 0.596 0.446 0.266 
HDL 3b^  (mg/dL) 17.1 + 3.6 17.5 + 3.8 0.703 18.8 + 4.9 18.5 + 4.9 0.828 0.863 0.231 0.682 
HDL 3a  (mg/dL) 27.7 + 5.6 28.7 + 4.5 0.461 28.4 + 5.0 27.9 + 4.8 0.763 0.754 0.805 0.460 
HDL 2b^  (mg/dL) 22.7 + 10.0 21.3 + 8.7 0.590 20.7 + 9.6 21.2 + 10.3 0.897 0.747 0.458 0.652 
HDL 2a^  (mg/dL) 25.3 + 3.7 25.5 + 3.0 0.741 25.4 + 3.4 23.7 + 3.9 0.480 0.733 0.410 0.456 
HDL S  (nmol/L) 19985 + 3274 20017 + 3094 0.973 18697 + 3908 17939 + 3129 0.449 0.534 0.007 0.735 
HDL L^  (nmol/L) 8547 + 1864 8395 + 2083 0.793 7855 + 1780 7635 + 2397 0.738 0.446 0.034 0.914 

LDL (mg/dL) 84.7 + 27.4 93.2 + 25.4 0.269 108.1 + 48.0 103.5 + 36.1 0.730 0.631 0.024 0.419 
LDL IVb^  (%) 1.1 + 0.8 1.2 + 0.6 0.829 1.5 + 0.9 1.3 + 0.8 0.380 0.948 0.654 0.542 
LDL IVa^  (%) 2.9 + 1.6 2.8 + 1.5 0.965 2.8 + 1.3 2.6 + 1.4 0.464 0.595 0.599 0.642 
LDL IIIb^  (%) 3.8 + 2.5 3.1 + 1.3 0.553 3.6 + 2.0 3.1 + 2.0 0.275 0.222 0.781 0.758 
TG (mg/dL) 96.3 + 85.9 87.2 + 61.1 0.664 146.8 + 103.3 132.6 + 74.1 0.567 0.666 0.003 0.875 

* Data are means +/- SD, unless otherwise noted.  Abbreviations used: LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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significant difference in levels of HDL subclasses in the genotypic effect of CETP 

Taq1B, where individuals with the variant allele had higher levels of HDL 2b and 

HDL L and lower levels of HDL 3a and HDL 3b, compared to their wild-type 

counterparts.  In addition, in analysis of the interaction between CETP Taq1B and 

T2DM, we observed a significant interaction on HDL2a levels, where HDL2a is 

significantly reduced in individuals with the Taq1B variant and T2DM.  These data 

suggest an association of CETP Taq1B with elevations in HDL and HDL 

subclasses compared to wild type genotypic affect.  For the CETP I450V 

polymorphism, we observed no statistically significant difference in analysis of 

genotypic and diabetic-genotypic affect. In our study, our results suggest no 

association of CETP I405V with HDL and HDL subclasses compared to wild type 

genotypic affect.  Furthermore, our findings also propose the interaction between 

CETP Taq1B and T2DM could affect specific HDL subclasses.  However, the 

data also suggests that diabetic status does not play a role in CETP I405V 

genotypic modifications.  

 Our novel findings include a statistical significant difference LDL subclass 

levels between genotype groups (Table 5).  We found that Taq1B allele carriers 

had statistically significant lower percentages of the LDL sub-fractions:  LDL IVb, 

LDL IVa and LDL IIIb.  In addition, we did not find a statistically significant 

difference between genotype groups when stratified by diabetic status.  While 

this SNP is not generally thought to affect LDL levels, our finding could potentially 

support an association between CETP Taq1B and reductions in LDL subclasses 

compared to wild type genotypic affect. 
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 PON1.  The genotype distribution of PON1 Q192R and PON1 L55M are 

shown in table 9.  The baseline clinical indicators, stratified by genotype and 

diabetic status, are shown in Appendix table A3 and A4.  There were no 

statistically significant differences in genotype frequency for PON1 Q192R (χ2(2) 

= 1.816, p=0.403)  or PON1 L55M (χ2(2) = 0.407, p=0.816) between T2DM and 

nonDM individuals. 

 Lipid-related levels for each genotype, PON1 Q192R and L55M, were 

normally distributed, as assessed by Shapiro-Wilk's test (p>0.05), and there was 

homogeneity of variances, as assessed by Levene's test for equality of variances 

(p=0.174) (Table 10 & 11, respectively).  For PON1 Q192R genotype, we 

observed no statically significant differences between groups (Table 10).  

Residual analysis was performed to test for the assumptions of the two-way 

Table 9.  PON1 Genotype Frequencies	
 All 

 (n=101) 
Non DM 
 (n=47) 

T2DM  
(n=54) P

f	

PON1 Q192R Genotype^ 
   	

QQ 10 (9.9) 5 (10.6) 5  (9.3) 0.403 

QR 43 (42.6) 23 (49.0) 20 (37.0) 	
RR 48 (47.5) 19 (40.4) 29 (53.7) 	
    	
 All  

(n=98) 
Non DM 
(n=48) 

T2DM  
(n=50) P

f	

PON1 L55M Genotype^    	
LL 79 (80.6) 38 (79.2) 41 (82.0) 0.816 

LM 16 (16.3) 8 (16.7) 8 (16.0) 	
MM 3 (3.1) 2 (4.1) 1 (2.0) 	
*Data listed as number of individuals (% genotypic frequencies), unless otherwise noted 
^Genotype according to amino acid change 
f p-value level from Chi-Squared Test 
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Table 10.   Lipoprotein and Subclass Levels stratified by PON1 Q192R Genotype and Diabetic Status  
 

 
Non DM (n=47) T2DM (n= 54) Whole Cohort (n= 101) 

 
QQ 

(n=5) 
QR & RR 

(n=42) P# QQ 
(n= 4) 

QR & RR 
(n= 48) P# Genotype 

Effect# 
Diabetic 
Effect# 

 

Genotype* 
Diabetic Effect~ 

 
Subclasses:*    

  
    

TC (mg/dL) 139.2 + 23.1 162.4 + 37.4 0.185 191.2 + 48.3 181.9 + 42.8 0.649 0.581 0.003 0.151 

HDL  (mg/dL) 42.4 + 7.1 53.0 + 21.9 0.294 51.8 + 23.4 50.3 + 21.0 0.881 0.528 0.842 0.223 

HDL 3c  (mg/dL) 7.8 + 2.8 7.1 + 1.8 0.426 8.5 + 4.2 7.6 + 2.7 0.540 0.372 0.446 0.913 

HDL 3b^  (mg/dL) 18.8 + 3.8 17.3 + 3.4 0.386 17.3 + 5.7 18.8 + 4.8 0.535 0.980 0.231 0.312 

HDL 3a  (mg/dL) 30.4 + 3.1 28.5 + 4.4 0.344 26.0 + 4.2 28.2 + 4.9 0.382 0.945 0.805 0.200 

HDL 2b^  (mg/dL) 17.6 + 5.1 21.8 + 8.3 0.330 24.8 + 10.4 20.7 + 10.0 0.439 0.947 0.458 0.225 

HDL 2a^  (mg/dL) 25.2 + 3.1 25.7 + 2.9 0.739 23.5 + 4.7 25.0 + 3.7 0.406 0.443 0.410 0.633 

HDL S  (nmol/L) 19854 + 2242 20255 + 3059 0.779 17438 + 4757  18253 + 3260 0.612 0.600 0.007 0.544 

HDL L^  (nmol/L) 7117 + 1234 8620 + 2049 0.099 8047 + 1293 7670 + 2285 0.544 0.569 0.034 0.081 

LDL (mg/dL) 80.0 + 14.1  91.0 + 27.4 0.384 116.2 + 54.2 103.8 + 38.7 0.512 0.985 0.024 0.249 

TG (mg/dL) 84.0 + 57.4 92.1 + 75.7 0.818 116.0 + 52.4 139.2 + 86.3 0.560 0.525 0.003 0.637 

* Data are means +/- SD, unless otherwise noted.  Abbreviations used: LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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Table 11.  Lipoprotein and Subclass Levels stratified by PON1 L55M Genotype and Diabetic Status  
 

 
Non DM (n=48) T2DM (n= 48) Whole Cohort (n= 93) 

 
LL 

 (n=38) 
LM & MM 

(n=10) P# LL 
(n= 41) 

LM & MM 
(n= 9) P# Genotype 

Effect# 
Diabetic 
Effect# 

 

Genotype* 
Diabetic Effect~ 

 
Subclasses:*    

  
    

TC (mg/dL) 158.6 + 37.5 155.3 + 33.2 0.804 185.9 + 45.2 171.4 + 37.4 0.331 0.334 0.003 0.598 

HDL  (mg/dL) 50.2 + 18.2 55.6 + 28.2 0.459 51.5 + 22.1 52.5 + 20.4 0.844 0.701 0.842 0.689 

HDL 3c  (mg/dL) 7.2 + 2.1 7.5 + 2.0 0.726 7.6 + 3.0 7.6 + 2.2 0.947 0.809 0.446 0.887 

HDL 3b^  (mg/dL) 17.3 + 3.8 17.3 + 3.1 0.896 19.0 + 5.0 17.1 + 4.5 0.369 0.518 0.231 0.419 

HDL 3a  (mg/dL) 28.2 + 5.3 28.6 + 4.3 0.832 29.1 + 4.1 24.3 + 6.5 0.008 0.125 0.805 0.044 

HDL 2b^  (mg/dL) 22.1 + 9.6 21.4 + 8.1 0.921 19.5 + 9.1 28.3 + 11.8 0.063 0.102 0.458 0.103 

HDL 2a^  (mg/dL) 25.5 + 3.2 25.4 + 4.2 0.893 25.2 + 4.0 24.8 + 3.8 0.091 0.222 0.410 0.233 

HDL S  (nmol/L) 20077 + 3229 20014 + 2752 0.954 19064 + 2948 15877 + 3643 0.003 0.039 0.007 0.059 

HDL L^  (nmol/L) 8557 + 2017 8210 + 1854 0.647 7797 + 2214 7801 + 2720 0.783 0.653 0.034 0.861 

LDL (mg/dL) 89.3 + 26.3 86.2 + 26.8 0.743 107.2 + 40.3 91.4 + 35.9 0.284 0.262 0.024 0.424 

TG (mg/dL) 95.5 + 77.2 67.5 + 44.7 0.279 134.3 + 84.0 142.8 + 82.7 0.784 0.549 0.003 0.356 

          

* Data are means +/- SD, unless otherwise noted.  Abbreviations used: LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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ANOVA. There were no outliers, residuals were normally distributed (p>0.05) and 

there was homogeneity of variances (p=0.061). In analysis of the relationship 

between genotype and diabetic status on HDL-associated lipid related levels for 

PON1 Q192R, we found no evidence of a statistically significant interaction. 

 In contrast, we observed a statistically significant association for PON1 

L55M.  Individuals with M variant allele (19552 + 3195) had a significantly lower 

level of HDL S compared to their counterparts (17750 + 4075), a statistical 

difference of 1802 nmol/L (95% CI, 92.1 to 3512.6), t(97) = 2.092, p=0.039 

(Table 11).  The interaction between diabetic status and genotype was no longer 

significant after stratification for diabetic status. However, we do observe a trend 

towards variant M allele carriers with T2DM having a lower level of HDL S than 

nonDM individuals (Figure 5).  We found a statistically significant interaction 

between PON1 L55M genotype and diabetic status for HDL3a level, F(1,92) = 

4.182, p=0.044.  In individuals with T2DM, PON1 L55M M variant allele carriers 

had a lower level HDL3a, 24.3 + 6.5 mg/dl, compared to 29.1 + 4.1 mg/dl for 

homozygous LL carriers, a statistically significant mean difference of 4.8 mg/dl 

(95% CI, 1.087 to 8.513), p=0.012 (Figure 5).   

 Our findings suggest that the PON1 variants may play a role in the 

modulation of HDL subclasses and that the presence of diabetes appears to 

modify elevation pattern of HDL3a.  While not statistically significant, we 

observed that T2DM individuals with the M variant had lower levels of HDL S 

than their nonDM counterparts, (p=0.059). For PON1 Q192R, we did not observe 

a statistical association with lipid-related levels or a genotype interaction with  
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diabetic status. Lipid-related levels for each genotype, PON1 Q192R and L55M, 

were normally distributed, as assessed by Shapiro-Wilk's test (p>0.05), and there 

was homogeneity of variances, as assessed by Levene's test for equality of 

variances (p=0.174) (Table 10 & 11, respectively).  In analysis of the interaction 

between genotype and diabetic status on lipid-related, there were no outliers, 

residuals were normally distributed (p>0.05) and there was homogeneity of 

variances (p>0.05).  We found the interactions between genotype and diabetic 

status on lipid-related levels were not statistically significant.  We observed that 

T2DM individuals with the M variant had lower levels of HDL S than their nonDM 

counterparts, (p=0.059).  Whether this observation is detrimental or positive one 
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Figure 5.  Interaction of PON1 L55M genotype and diabetic status on specific HDL subclass. 
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is unknown due to undetermined cardio-protective characteristics.  For PON1 

Q192R, we did not observe a statistical association with lipid-related levels or a 

genotype interaction with diabetic status.  In analysis of the interaction between 

genotype and diabetic status on lipid-related, there were no outliers, residuals 

were normally distributed (p>0.05) and there was homogeneity of variances 

(p>0.05).  We found the interactions between genotype and diabetic status on 

lipid-related levels were not statistically significant. 

 Combined genetic effect.  Complex diseases are also difficult to study and 

treat due to many contributing factors.  Therefore it is important to investigate 

multi-gene affects.  We investigated the combined genetic effects of CETP and 

PON1 polymorphisms as well the additive effect of diabetic status on lipid-related 

levels.  A two-way ANOVA was conducted to examine the multi-gene relationship 

on lipid-related levels.  A three-way ANOVA or factorial ANOVA was then 

conducted to examine the relationship of genotypes of multiple SNPs and 

diabetic status on lipid-related levels.   

 No combined genotypic effects between CETP and PON1 related to lipid 

levels were seen. We observed a statistically significant interaction between 

CETP SNPs Taq1B and I450V on glucose levels, F (1,100) = 5.13, p=0.026. We 

found a significant difference in mean glucose levels, where participants with 

CETP I450V II & Taq1B B1B1 had higher levels of fasting blood glucose 

compared to those possessing the CETP I450V II & B2 allele (156.9 + 99.2 vs. 

92.9 + 66.0), F (1,100) = 62.96, p=0.003).  Due to novel findings with PCKS9 

A433T and HDL, this SNP was included in the multi-gene analysis.  We observed 
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a statistically significant interaction between PCSK9 A443T and CETP or PON1 

polymorphisms. 

 All pairwise comparisons were run for each simple main effect with 

reported 95% confidence intervals and p-values Bonferroni-adjusted within each 

simple main effect.  Of note, multi-gene and multi-gene-diabetic status analysis 

could not be perform for CETP with PON1 due to the lack of participants within 

each variable group.  In addition, multi-gene and multi-gene-diabetic status 

analysis could not be performed for PCSK9 with PON1 due to the lack of 

participants within each variable group. 

 

Specific Aim 2.  LDL-associated genes (ADIPOQ, APOE, NOX3, and PSCK9 

 ADIPOQ.  Adiponectin is inversely correlated with obesity, which has 

beneficial effect on lipid metabolism.  The distribution of ADIPOQ rs1063537 

(g.18613C>T) genotype in 101 African American men with and without T2DM 

can be found in table 12.  The baseline characteristics and clinical indicators of  

these subjects, stratified by genotype and diabetic status, are shown in Appendix 

table A5. There was a statistically significant difference in genotype frequency  

Table 12.  ADIPOQ Genotype Frequencies	
 All 

 (n=101) 
Non DM 
 (n=49) 

T2DM  
(n=52) P

f 

ADIPOQ  rs1063537 Genotype^    	

CC 97 (96.0) 49 (100.0) 48 (92.3) 0.048 

CT 4 (4.0) 0 (0.0) 4 (7.7) 	
TT 0 (0.0) 0 (0.0) 0 (0.0) 	
*Data listed as number of individuals (% genotypic frequencies), unless otherwise noted 
^Genotype according to amino acid change 
f  p-value level from Chi-Squared Test 
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for ADIPOQ rs1063537 between T2DM and nonDM individuals, χ2(1) = 3.925.  All 

4 patients possessing a variant allele were in the T2DM group.  Of note, we 

found no individuals with the homozygous variant genotype.  Genotypic effect 

data are mean ± standard deviation, unless otherwise stated.  

 Frequently, ADIPOQ analysis observes associations with LDL and 

triglyceride levels.  However, there is a potential for ADIPOQ to modulate due to 

the similarity of IDL with LDL in its ability to also transport a variety of triglyceride 

fats and cholesterol.  We also analyzed other lipid related levels to see if any 

other associations existed.  Our novel findings include a statistically significant 

difference in intermediate-density lipoprotein 2 (IDL 2) levels between ADIPOQ 

rs1063537genotype groups.  The subclass IDL 2 was higher in homozygous 

wild-type CC (199.0 + 60.0) than variant allele carriers viewers (117.3 + 39.3), a 

statistically significant difference of 81.8 mg/dl (95% CI, 21.9 to 141.6), t(100) = 

2.712, p=0.008 (Table 13). While not statistically significant, we also found that 

levels of LDL L and LDL 1 were lower in individuals with the variant allele (p<0.1). 

We could not assess the interaction between genotype and diabetic status as no 

subjects in the nonDM (control) group possessed the variant allele.  

 Overall, lipid levels were normally distributed and there was homogeneity 

of variances, as assessed by Levene's test for equality of variances (p=0.326).  

ADIPOQ was not shown to significantly associate with LDL or LDL subclasses.  

Compared to the wild type, variant allele carriers did trend toward lower levels of 

LDL, LDL subclasses, and total cholesterol, an expected observation. 

ADIPDOPQ rs1063537 was found to significantly associate with modification of 
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Table 13.  Lipoprotein and Subclass Levels stratified by ADIPOQ rs1063537 Genotype and Diabetic Status 
  

  
Non DM (n=49) T2DM (n= 52) Whole Cohort (n= 101) 

 
CC 

 (n=49) 
CT 

(n=0) P# CC 
(n=48) 

CT 
(n= 4) P# Genotype 

Effect# 
Diabetic 
Effect#$ 

 Subfractions:*         

LDL (mg/dL) 90.2 + 26.4 ----- ---
-- 

105.7 + 38.3 84.8 + 28.2 0.307 0.454 0.024 

LDL IVb^  (%) 1.3 + 0.8 ----- ---
-- 

1.4 + 1.0 1.5 + 0.9 0.785 0.692 0.654 

LDL IVa^  (%) 2.9 + 1.5 ----- ---
-- 

2.7 + 1.4 2.6 + 0.8 0.803 0.871 0.599 

LDL IIIb^  (%) 3.4 + 1.9 ----- ---
-- 

3.3 + 2.0 3.9 + 2.0 0.416 0.449 0.781 

LDL IIIa^   (%) 12.4 + 7.1 ----- ---
-- 

17.0 + 10.5 18.9 + 16.9 0.873 0.575 0.023 

LDL IIb  (%) 22.9 + 6.4 ----- ---
-- 

29.9 + 9.7 26.2 + 8.4 0.464 0.969 0.000 

LDL IIa  (%) 26.9 + 6.5 ----- ---
-- 

24.9 + 10.0 27.4 + 12.6 0.641 0.730 0.194 

LDL 4B^ (nmol/L) 102.0 + 26.8 ----- ---
-- 

100.2 + 38.1 75.0 + 8.0 0.012 0.115 0.398 

LDL 4A^  (nmol/L) 120.7 + 51.1 ----- ---
-- 

141.6 + 90.8 93.8 + 33.0 0.317 0.278 0.351 

LDL 3B^  (nmol/L) 105.0 + 45.7 ----- ---
-- 

126.3 + 83.3 81.0 + 43.2 0.271 0.246 0.331 

LDL 3A^   (nmol/L) 248.4 + 107.6 ----- ---
-- 

275.0 + 140.5 189.9 + 117.9 0.180 0.163 0.477 

LDL 2B  (nmol/L) 274.8 + 106.9 ----- ---
-- 

270.4 + 107.8 215.5 + 150.4 0.345 0.293 0.906 

LDL 2A (nmol/L) 238.5 + 77.7 ----- ---
-- 

210.3 + 78.4 168.0 + 105.5 0.315 0.162 0.062 

LDL 1  (nmol/L) 304.9 + 90.6 ----- ---
-- 

255.3 + 92.4 186.5 + 90.2 0.158 0.051 0.004 

LDL L  (nmol/L) 543.4 + 161.4 ----- ---
-- 

465.6 + 164.1 354.5 + 191.6 0.204 0.078 0.012 

IDL 2   (nmol/L) 211.0 + 55.0 ----- ---
-- 

186.4 + 62.7 117.3 + 39.3 0.035 0.008 0.028 

HDL (mg/dL) 51.1 + 20.7 ----- ---
-- 

51.4 + 21.4 50.0 + 17.6 0.903 0.910 0.842 

TG (mg/dL) 89.7 + 71.6 ----- ---
-- 

133.5 + 73.2 132.5 + 128.7 0.980 0.595 0.003 

TC (mg/dL) 159.2 + 36.6 ----- ---
-- 

183.7 + 39.8 161.3 + 36.5 0.281 0.621 0.003 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
$  p-value marked 0.000 indicates p-value <0.0005 
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IDL2 subclass level, where variant allele carriers had statistically significantly 

lower levels of IDL2.  IDL is a metabolic intermediate of VLDL and LDL; this 

observation could give some insight into this SNPs effect on LDL.  However, 

participants in the variant group are too few to make many insightful 

interpretations.  We could not assess the interaction between diabetes and 

genotypes for this SNP because there were not any nonDM variant allele carrier 

participants.  

 APOE.  Apolipoprotein E is a multifunctional protein with a pivotal role in 

lipid metabolism. It has three major isoforms (E2, E3, and E4) that possess 

distinguishing effects on lipid homeostasis.  The genotype distribution of APOE is 

shown in table 14.  The baseline clinical indicators, stratified by genotype and 

diabetic status, are shown in Appendix table A6.  There was no statistically 

significant difference in genotype frequency for APOE between T2DM and 

nonDM individuals, χ2(3) = 3.732, p=0.292. Lipid levels were normally distributed 

and there was homogeneity of variances, as assessed by Levene's test for 

equality of variances (p=0.133). 

 

Table 14.  APOE Genotype Frequencies	

 All 
 (n=104) 

Non DM 
 (n=50) 

T2DM  
(n=54) P

f	

APOE Genotype^    	

E2 allele 14 (13.5) 8 (16.0) 6 (11.1) 0.292	
E3/E3 81(77.9) 38 (76.0) 43 (79.6) 	
E4  allele 2 (1.9) 2 (4.0) 0 (0.0) 	
E2/E4 7 (6.7) 2 (4.0) 5 (9.3) 	
*Data listed as number of individuals (% genotypic frequencies), unless otherwise noted 
^Genotype according to amino acid change 
f  p-value level from Chi-Squared Test (between E3/E3/ and all others genotype groups) 
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 Genotypes were stratified into two groups, individuals with the E3/E3 

homozygous wild-type genotype and variant allele carriers, individuals 

possessing the E2 allele and/or the E4 allele.  As indicated in Table 15, we found  

that the LDL subclass LDL 1 was significantly higher in homozygous wild-type 

(285.9 + 98.0) than variant allele carriers viewers (240.5 + 71.2), a statistically 

significant difference of 45.5 nmol/L (95% CI, 8.4 to 82.5), t (100) = 2.712, 

p=0.017.  

 In addition, we also stratified this SNP into 4 genotype groups and 

assessed their affect in modifying lipid-related levels, using a 2-way ANOVA 

(Figure 6).  Participants were classified into four groups: E2 allele, (n=14), E3/E3 

(n=81), E4 allele (n=2) and E2/E4 (n=7).  Data are presented as mean + 

standard deviation.   

 Overall, lipid related levels were statistically significantly different between 

genotype groups, for subclasses:  LDL 2B, [F (3,100) = 3.3, p=0.024], LDL 2A [F 

(3,100) = 3.2, p=0.026], LDL 3A  [F (3,100) = 3.0, p=0.031], LDL M [F (3,100) 

=3.6, p=0.017] and LDL L [F (3,100) = 3.0, p=0.036].  We found that LDL 2B was 

significantly higher for E4 allele carriers compared to E2/E4 individuals 

(p=0.033).  LDL M was significantly lower in E2/E4 alleles participants compared 

to E3/E3 participants (p=0.039), and compared to E4 allele carriers (p=0.039).   

In addition while not significant, E4 allele carriers trend towards higher levels of 

LDL-C compared to other genotype groups.  In evaluation of the relationship of 

genotype and diabetic status on lipid-related levels, the E4 allele group had
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Table 15.  Lipoprotein and Subclass Levels stratified by APOE Genotype and Diabetic Status 
  

  Non DM (n=50) T2DM (n= 54) Whole Cohort (n= 104) 

 
E3/E3                   
(n=38) 

All others 
 (n=12) P# E3/E3                   

(n=43) 
All others 

 (n=11) P# Genotype 
Effect# 

Diabetic 
Effect #$ 

 

Genotype* 
Diabetic Effect~ 

 
Subclasses:*          
LDL (mg/dL) 91.4 + 30.0 84.6 + 10.1 0.438 109.1 + 38.6 88.7 + 42.4 0.132 0.059 0.024 0.400 
LDL IVb^  (%) 1.3 + 0.8 1.3 + 0.5 0.526 1.3 + 0.8 1.7 + 1.4 0.159 0.159 0.654 0.615 
LDL IVa^  (%) 2.8 + 1.6 2.9 + 1.4 0.809 2.6 + 1.4 2.9 + 1.2 0.390 0.421 0.599 0.657 
LDL IIIb^  (%) 3.4 + 2.1 3.2 + 1.2 0.793 3.2 + 1.9 3.6 + 2.4 0.511 0.505 0.781 0.774 
LDL IIIa^   (%) 12.6 + 7.8 11.8 + 3.6 0.782 17.6 + 12.0 18.0 + 7.0 0.409 0.481 0.023 0.624 
LDL IIb  (%) 22.1 + 6.0 25.8 + 6.9 0.080 29.8 + 9.8 29.8 + 8.2 0.927 0.507 0.000 0.301 
LDL IIa  (%) 26.7 + 7.0 27.4 + 4.5 0.757 25.4 + 11.0 21.7 + 6.1 0.288 0.508 0.194 0.286 
LDL 4B^ (nmol/L) 105.2 + 28.8 90.5 + 13.5 0.125 101.3 + 36.6 96.6 + 49.4 0.501 0.171 0.398 0.793 
LDL 4A^  (nmol/L) 124.7 + 55.9 105.9 + 26.1 0.392 150.3 + 102.7 147.0 + 133.7 0.622 0.363 0.351 0.983 
LDL 3B^  (nmol/L) 105.6 + 46.4 101.3 + 43.9 0.864 135.4 + 99.5 130.5 + 110.1 0.651 0.609 0.331 0.775 
LDL 3A^   (nmol/L) 246.3 + 101.7 254.4 + 125.1 0.917 291.9 + 160.0 257.9 + 186.5 0.294 0.431 0.477 0.369 
LDL 2B  (nmol/L) 273.9 + 102.4 277.0 + 120.9 0.931 283.8 + 110.7 228.0 + 120.0 0.148 0.324 0.906 0.259 
LDL 2A (nmol/L) 241.2 + 79.3 226.9 + 71.8 0.581 217.9 + 78.5 172.3 + 74.3 0.088 0.135 0.062 0.396 
LDL 1  (nmol/L) 314.2 + 96.9 269.2 + 55.7 0.054 261.0 + 93.0 209.2 + 75.4 0.094 0.041 0.004 0.873 
LDL M^  (nmol/L) 273.9 + 102.4 277.0 + 120.9 0.991 283.8 + 110.7 228.0 + 120.0 0.095 0.216 0.740 0.259 
HDL (mg/dL) 50.4 + 20.9 54.0 + 20.0 0.601 50.5 + 21.4 50.1 + 20.3 0.951 0.736 0.842 0.684 
TG (mg/dL) 90.0 + 77.4 93.8 + 50.2 0.871 137.4 + 85.9 135.5 + 78.1 0.945 0.941 0.003 0.875 
TC (mg/dL) 159.8 + 38.7 157.3 + 28.0 0.840 187.1 + 41.0 165.9 + 48.2 0.146 0.190 0.003 0.321 

LP(a) (mg/dL) 
42.4 + 33.4 42.7 + 24.9 0.979 48.3 + 41.1 23.5 + 11.5 0.001 0.055 0.914 0.277 

* Data are means +/- SD, unless otherwise noted.  Abbreviations used: LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
$  p-value marked 0.000 indicates p-value <0.0005 
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 Overall, lipid related levels were statistically significantly different between 

 

 

consistently higher levels of all subclasses presented here (Figure 6).  

 While we could not show that there was a statistically significant difference 

in LDL subclasses between E2 or E4 and their wild-type counterpart, our analysis 

provided informative feedback.  We observed that individuals with the APOE E2 

allele exhibited decreases in LDL subclasses whereas, those individuals with the 

APOE E4 had higher levels of LDL subclasses, compared to the E3/E3 

homozygous wild-type. After stratifying by diabetic status, there was no 

statistically significant interaction between diabetic status and genotype group, 

for either genotype groupings.  A statistically significant difference was observed  

Figure 6.  Interaction of APOE genotype, stratified into 4 groups, and diabetic status on 
specific LDL subclasses. (* Indicates statistically signature association, p<0.05) 
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between the two APOE genotype groups (E3/E3 vs. all others) in LDL 1 levels.  

While not significant, we observed decreases in LDL-C and LPa) in variant allele 

carriers.  This observed association is consistent as deficient APOE, particularly 

the E2 allele, has been associated with decreased LP(a) and LDL-C in other 

populations. 

 NOX3. Increased NOX activities and increased levels of NOX enzymes 

represent major vascular disease risk factors.  The distribution of NOX3 

rs7754577 (g.10788C>G) can be found in table 16 and baseline characteristics 

and clinical indicators of these subjects, stratified by genotype and diabetic 

status, are shown in Appendix table 7.  There was no statistically significant 

difference in genotype frequency for APOE between T2DM and nonDM 

individuals, χ2(1) = 1.297, p=0.255. 

 We observed no consistent elevation or reduction patterns for variant 

allele carriers with respect to LDL-C and LDL subclasses. We observed a 

statistically significant difference in BMI between genotype groups, where variant 

allele carriers had lower BMI than their wild-type counterparts (p=0.003) While 

we determined no statistical significance in the analysis of LDL and LDL subclass 

Table 16.  NOX3 Genotype Frequencies	
 All  

(n=103) 
Non DM 
(n=50) 

T2DM  
(n=53) P

f	
NOX3 rs7754577 Genotype^    	
CC 9 (8.7) 6 (12.0) 3 (5.6) 0.255	
CG 48 (46.6) 23 (46.0) 25 (47.2) 	
GG 46 (44.7) 21 (42.0) 25 (47.2) 	
*Data listed as number of individuals (% genotypic frequencies), unless otherwise noted 
^Genotype according to amino acid change 
f p-value level from Chi-Squared Test 
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Table 17.  Lipoprotein and Subclass Levels stratified by NOX3 Genotype and Diabetic Status 
  

  
Non DM (n=50) T2DM (n= 53) Whole Cohort (n= 103) 

 
CC 

 (n=6) 
CG & GG 

(n=44) P# CC 
(n=3) 

CG & GG 
(n=50) P# Genotype 

Effect# 
Diabetic 
Effect #$ 

 

Genotype* 
Diabetic Effect~ 

 
Subclasses:*    

  
    

LDL  (mg/dL) 91.0 + 28.7 89.6 + 26.3 0.905 117.0 + 37.2 104.8 + 40.4 0.613 0.872 0.024 0.670 
LDL IVb^  (%) 1.2 + 0.4 1.3 + 0.8 0.896 1.3 + 0.3 1.4 + 1.0 0.763 0.827 0.654 0.878 
LDL IVa^  (%) 3.0 + 0.8 2.8 + 1.6 0.453 2.8 + 0.4 2.7 + 1.4 0.595 0.068 0.599 0.989 
LDL IIIb^  (%) 4.7 + 2.2 3.2 + 1.8 0.077 2.8 + 0.2 3.3 + 2.0 0.967 0.143 0.781 0.316 
LDL IIIa^   (%) 12.7 + 6.2 12.4 + 7.1 0.697 22.0 + 0.8 17.3 + 11.5 0.264 0.455 0.023 0.420 
LDL IIb  (%) 22.0 + 3.7 23.1 + 6.7 0.671 33.8 + 7.1 29.4 + 9.6 0.442 0.850 0.000 0.356 
LDL IIa  (%) 27.0 + 6.6 26.9 + 6.5 0.963 19.1 + 3.2 25.2 + 10.5 0.324 0.596 0.194 0.331 
LDL 4B^ (nmol/L) 106.2 + 16.5 101.1 + 27.8 0.503 102.7 + 23.9 100.0 + 40.3 0.713 0.288 0.398 0.965 
LDL 4A^  (nmol/L) 118.2 + 18.2 120.4 + 53.8 0.757 160.0 + 59.4 145.3 + 108.7 0.487 0.450 0.351 0.595 
LDL 3B^  (nmol/L) 92.5 + 11.7 106.2 + 48.0 0.647 165.9 + 71.2 128. + 102.2 0.282 0.478 0.331 0.266 
LDL 3A^   (nmol/L) 216.0 + 42.3 252.6 + 112.0 0.704 352.6 + 133.0 275.5 + 163.1 0.291 0.480 0.477 0.253 
LDL 2B  (nmol/L) 255.7 + 85.2 277.2 + 108.9 0.835 304.6 + 104.1 268.3 + 115.0 0.596 0.606 0.906 0.481 
LDL 2A (nmol/L) 231.5 + 96.9 238.7 + 75.3 0.973 207.0 + 62.9 208.1 + 81.2 0.981 0.603 0.062 0.919 
LDL 1  (nmol/L) 304.5 + 131.8 303.2 + 85.3 0.766 213.4 + 58.6 252.5 + 94.0 0.482 0.820 0.004 0.553 
LDL M^  (nmol/L) 255.7 + 85.2 277.2 + 108.9 0.935 304.6 + 104.1 268.3 + 115.0 0.500 0.501 0.740 0.457 
LDL L  (nmol/L) 536.1 + 227.9 541.8 + 152.7 0.528 420.4 + 120.7 460.6 + 168.6 0.687 0.707 0.012 0.776 
TG (mg/dL) 73.3 + 60.2 93.2 + 73.0 0.528 161.7 + 41.6 184.3 + 35.7 0.624 0.632 0.003 0.443 
TC (mg/dL) 158.0 + 31.3 159.4 + 37.1 0.932 184.3 + 35.7 184.1 + 42.9 0.993 0.691 0.003 0.957 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
$  p-value marked 0.000 indicates p-value <0.0005 
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levels, we did observe a trend toward a difference between genotype groups in 

LDL IVa, where individuals with the variant allele had lower levels (p<0.1) (Table 

17).  The majority of our participants fell into the variant allele group, and 

therefore it is difficult to make any further discerning interpretations or 

comparisons.   

 PCSK9.  The genotype distribution of PCSK9 H533R, A443T and R46L 

are shown in table 18, however there was only one genotype group for the A46L 

polymorphism, homozygous wild-type GG.  The baseline clinical indicators, 

stratified by genotype and diabetic status, are shown in Appendix table A8–

A10.There was no statistically significant difference in genotype frequency for 

both PCSK9 SNPS, H533R (χ2(1) = 2.202, p=0.138) and A443T (χ2(1) = 1.783, 

p=0.182) between T2DM and nonDM individuals, χ2(1) = 1.297, p=0.255.  A 

difference in genotype frequency for PCSK9 R46L between T2DM and nonDM 

Table 18.  PCSK9 Genotype Frequencies	

 All  
(n=104) 

Non DM 
(n=50) 

T2DM 
 (n=54) P

f	

PCSK9 H533R Genotype#    	

HH 102 (98.1) 48 (96.0) 54 (100) 0.138	
HR 2 (1.9) 2 (4.0) 0 (0.0) 	
RR 0 (0.0) 0 (0.0) 0 (0.0) 	
PCSK9 A443T Genotype#    	
AA 91 (87.5) 46 (92.0) 45 (83.3) 	
AT 13 (12.5) 4 (8.0) 9 (16.7) 0.182	
TT 0 (0.0) 0 (0.0) 0 (0.0) 	
PCSK9 A46L Genotype#    	
GG 104 (100) 50 (100) 54 (100) -----	
*Data listed as number of individuals (% genotypic frequencies), unless otherwise noted 
^Genotype according to amino acid change 
f  p-value level from Chi-Squared Test 
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individuals could not be determined due to only one genotype group present, 

homozygous wild-type GG.  Of note, an interaction analysis between genotype 

and diabetic status could not be assessed for PCSK9 H533R because no 

subjects in the T2DM group possessed a variant allele.  In addition, we could not 

asses the genotype effect or an interaction between genotype and diabetic status 

PCSK9 A46L due to only 1 genotype group present, homozygous wild-type CC. 

 Associations of lipid-related levels for PCSK9 H533R and A443T are listed 

in Table 19 and 20, respectively.  Lipid-related levels for each genotype were 

normally distributed, as assessed by Shapiro-Wilk's test (p>0.05), and there was 

no homogeneity of variances, as assessed by Levene's test for equality of 

variances (p=0.174).  We observed no statistically significant differences in lipid-

related levels for PCSK9 H533R or A443T, especially in regards to LDL and LDL 

subclasses.  In analysis of the interaction between genotype and diabetic status 

on lipid-related levels, there were no outliers, residuals were normally distributed 

(p>0.05) and there was homogeneity of variances (p>0.05).  Typically, PCSK9 

analysis observes associations with LDL due to its known benefits in LDL 

modulation.  However, there is a potential to modulate HDL levels, likely by 

reducing the uptake of the HDL particles.  We also analyzed other lipid related 

levels to see if any other associations existed.  We observed statistically 

significant interactions between genotype and diabetic status for the HDL 

subclasses: HDL2b, HDL3a and HDL3b (Table 20 & Figure 7).  
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Table 19.  Lipoprotein and Subclass Levels stratified by PCSK9 H533R Genotype and Diabetic Status 
  

  
Non DM (n=50) T2DM (n= 52) Whole Cohort (n= 102) 

 
HH 

 (n=48) 
HR 

(n=2) P# HH 
(n= 52) 

HR 
(n= 0) P# Genotype 

Effect# 
Diabetic 
Effect# 

 

Genotype* 
Diabetic Effect~ 

 
Subclasses:*    

  
    

LDL (mg/dL) 88.9 + 26.2 111.0 + 25.5 0.248 106.0 + 40.0 ----- ----- 0.585 0.024 ----- 
LDL IVb^  (%) 1.3 + 0.8 1.6 + 0.0 0.358 1.4 + 0.9 ----- ----- 0.374 0.654 ----- 
LDL IVa^  (%) 2.8 + 1.6 3.4 + 0.6 0.455 2.7 + 1.4 ----- ----- 0.410 0.599 ----- 
LDL IIIb^  (%) 3.3 + 1.8 5.9 + 4.0 0.157 3.3 + 1.9 ----- ----- 0.147 0.781 ----- 
LDL IIIa^   (%) 12.2 + 6.9 17.5 + 10.7 0.323 17.5 + 10.6 ----- ----- 0.613 0.023 ----- 
LDL IIb  (%) 23.0 + 0.5 23.4 + 0.8 0.929 29.3 + 8.6 ----- ----- 0.615 0.000 ----- 
LDL IIa  (%) 27.0 + 6.3 23.6 + 12.0 0.474 25.0 + 10.2 ----- ----- 0.732 0.194 ----- 
LDL 4B^ (nmol/L) 102.1 + 27.0 93.4 + 13.0 0.735 101.9 + 39.0 ----- ----- 0.876 0.398 ----- 
LDL 4A^  (nmol/L) 120.6 + 51.6 109.1 + 27.8 0.879 152.5 + 109.2 ----- ----- 0.797 0.351 ----- 
LDL 3B^  (nmol/L) 105.4 + 46.1 84.2 + 14.4 0.677 137.1 + 103.5 ----- ----- 0.634 0.331 ----- 
LDL 3A^   (nmol/L) 251.2 + 107.6 178.0 + 32.2 0.419 289.7 + 165.6 ----- ----- 0.416 0.477 ----- 
LDL 2B  (nmol/L) 278.2 + 106.0 188.7 + 76.0 0.246 274.6 + 112.9 ----- ----- 0.266 0.906 ----- 
LDL 2A (nmol/L) 241.1 + 75.9 158.2 + 85.5 0.137 210.1 + 77.3 ----- ----- 0.241 0.062 ----- 
LDL 1  (nmol/L) 308.1 + 88.1 189.3 + 90.1 0.068 254.2 + 89.7 ----- ----- 0.187 0.004 ----- 
LDL L  (nmol/L) 278.2 + 106.0 188.7 + 76.0 0.082 274.6 + 112.9 ----- ----- 0.269 0.012 ----- 
HDL (mg/dL) 51.6 + 20.6 44.0 + 24.0 0.615 50.4 + 21.0 ----- ----- 0.640 0.842 ----- 
TG (mg/dL) 90.2 + 72.0 105.0 + 70.7 0.777 137.0 + 83.6 ----- ----- 0.864 0.003 ----- 
TG (mg/dL) 158.5 + 36.7 176.0 + 15.6 0.508 182.8 + 42.9 ----- ----- 0.876 0.003 ----- 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
$  p-value marked 0.000 indicates p-value <0.0005 
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Table 20.  Lipoprotein and Subclass Levels stratified by PCSK9 A443T Genotype and Diabetic Status 
  

  Non DM (n=50) T2DM (n= 54) Whole Cohort (n= 104) 

 
AA 

 (n=46) 
AT 

(n=4) P# AA 
(n= 45) 

AT 
(n=9) P#$ Genotype 

Effect# 
Diabetic 
Effect#$ 

 

Genotype* 
Diabetic Effect~ 

 Subclasses:*          
LDL (mg/dL) 90.1 + 25.4 86.3 + 40.4 0.783 103.0 + 37.9 120.8 + 48.8 0.194 0.166 0.024 0.320 
LDL IVb^  (%) 1.3 + 0.7 1.0 + 0.9 0.210 1.4 + 1.0 1.0 + 0.4 0.251 0.110 0.654 0.664 
LDL IVa^  (%) 2.9 + 1.5 2.3 + 1.7 0.372 2.8 + 1.5 2.3 + 0.8 0.156 0.312 0.599 0.702 
LDL IIIb^  (%) 3.4 + 1.9 3.0 + 2.1 0.496 3.4 + 2.0 2.6 + 1.0 0.460 0.300 0.781 0.926 
LDL IIIa^   (%) 12.6 + 7.2 9.5 + 2.6 0.519 17.6 + 10.5 17.1 + 11.6 0.893 0.888 0.023 0.724 
LDL IIb  (%) 23.1 + 6.6 21.8 + 2.6 0.692 28.7 + 8.7 32.5 + 8.0 0.341 0.236 0.000 0.291 
LDL IIa  (%) 26.6 + 6.4 30.0 + 6.8 0.309 24.9 + 10.4 25.6 + 9.6 0.763 0.579 0.194 0.629 
LDL 4B^ (nmol/L) 103.2 + 27.0 84.6 + 14.9 0.170 101.7 + 38.3 102.9 + 44.6 0.852 0.567 0.398 0.366 
LDL 4A^  (nmol/L) 122.4 + 52.1 94.7 + 22.6 0.300 148.6 + 96.1 171.2 + 164.4 0.884 0.847 0.351 0.517 
LDL 3B^  (nmol/L) 106.5 + 46.0 82.2 + 33.4 0.340 130.0 + 87.7 171.1 + 162.3 0.532 0.779 0.331 0.338 
LDL 3A^   (nmol/L) 252.7 + 107.2 196.6 + 94.9 0.310 275.6 + 142.4 356.9 + 249.4 0.412 0.765 0.477 0.237 
LDL 2B  (nmol/L) 277.9 + 105.5 236.7 + 118.1 0.461 264.3 + 106.3 323.6 + 136.7 0.141 0.456 0.906 0.151 
LDL 2A (nmol/L) 239.7 + 77.2 215.3 + 83.0 0.548 207.7 + 80.0 221.9 + 67.5 0.586 0.847 0.062 0.437 
LDL 1  (nmol/L) 304.3 + 92.2 292.8 + 74.6 0.812 255.2 + 95.1 249.1 + 61.4 0.963 0.565 0.004 0.927 
HDL (mg/dL) 50.4 + 19.7 61.5 + 30.5 0.304 52.7 + 22.2 44.2 + 13.2 0.336 0.810 0.842 0.143 
HDL 3b^  (mg/dL) 17.6 + 3.7 14.8 + 1.0 0.192 18.1 + 4.8 21.2 + 4.2 0.072 0.283 0.231 0.036 
HDL 3a  (mg/dL) 28.6 + 5.1 25.0 + 0.8 0.173 27.5 + 4.8 30.9 + 4.1 0.053 0.482 0.805 0.025 
HDL 2b^  (mg/dL) 21.3 + 9.3 28.8 + 1.5 0.000 22.1 + 10.3 15.9 + 6.9 0.074 0.513 0.458 0.012 
TG (mg/dL) 91.30 + 72.5 85.0 + 65.2 0.867 133.4 + 76.9 155.0 + 115.7 0.486 0.377 0.003 0.578 
TC (mg/dL) 158.7 + 33.4 164.8 + 68.1 0.872 180.1 + 40.1 196.0 + 55.9 0.316 0.494 0.003 0.700 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
$  p-value marked 0.000 indicates p-value <0.0005 
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 Specifically, we found that T2DM males possessing the variant AG 

genotype (15.9 + 6.9) had a significantly lower HDL2b mean level compared to 

nonDM males possessing the AG genotype (28.8 + 9.1), a statistically significant 

mean difference of 0.287 mg/dL, 95% CI [0.070, 0.503], p=0.010 (Figure 7).   

Conversely, we found that T2DM males possessing the AG genotype (30.9 + 4.1) 

had a significantly higher HDL3a mean level compared to nonDM males 

possessing the AG genotype (25.0 + 0.8), a statistically significant mean 

difference of 5.9 mg/dL, 95% CI [0.11, 11.67], p=0.046. These same T2DM AG  

 

 

genotype individuals (21.2 + 4.2) had a significantly higher HDL3b mean level 

compared to nonDM males possessing the AG genotype (14.8 + 1.0), a 

statistically significant mean difference of 0.078 mg/dL, 95% CI [0.00, 0.155], 

p=0.020.  In addition, T2DM males possessing the AG genotype (21.2 + 4.2) had 

a significantly higher HDL3b mean level compared to T2DM males possessing 

the wild-type GG genotype (18.1 + 4.8), a statistically significant mean difference 

of 0.151 mg/dL, 95% CI [0.024, 0.278], p=0.039.     

  In summary, we observed several statistically significant interactions 

between genotype and diabetic status on lipid-related levels in PCSK9 A443T.  

Interestingly, it appears that the presence of T2DM affects the patterns of HDL 

lipoprotein sub-fractions, not typically effected by PCSK9.  For PCSK9 A443T, 

Figure 7.  Interaction of PCSK9 A443T genotype and diabetic status on specific HDL 
subclasses.  (* Indicates statistically signature association, p<0.05) 
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genotype individuals (21.2 + 4.2) had a significantly higher HDL3b mean level 

compared to nonDM males possessing the AG genotype (14.8 + 1.0), a 

statistically significant mean difference of 0.078 mg/dL, 95% CI [0.00, 0.155], 

p=0.020.  In addition, T2DM males possessing the AG genotype (21.2 + 4.2) had 

a significantly higher HDL3b mean level compared to T2DM males possessing 

the wild-type GG genotype (18.1 + 4.8), a statistically significant mean difference 

of 0.151 mg/dL, 95% CI [0.024, 0.278], p=0.039.     

 In summary, we observed several statistically significant interactions 

between genotype and diabetic status on lipid-related levels in PCSK9 A443T.  

Interestingly, it appears that the presence of T2DM affects the patterns of HDL 

lipoprotein sub-fractions, not typically effected by PCSK9.  For PCSK9 A443T, 

the data do not support the association between genotype and LDL or LDL 

subclasses, or the genotypic-diabetic relationship in our African American 

population.  However, our results support that PCSK9 A443T is potentially 

associated with reductions in HDL and HDL subclasses compared to wild type 

genotypic affect.  The presence of diabetes appears to abrogate this genetic 

effect, resulting in elevated HDL subclasses in participants with both the variant 

allele and T2DM.  Of note, we observed no statistical significance in genotypic 

affect for any of the PCSK9 SNPS.   

 Combined genetic effect.  We investigated the combined genetic effects of 

ADIPOQ, APOE, NOX3, and PSCK9 polymorphisms as well the additive effect of 

diabetic status on lipid-related levels.  A two-way ANOVA was then conducted to 

examine the multi-gene relationship of ADIPQ, APOE, CETP, and/or NOX3 on 
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lipid-related levels.  A factorial ANOVA was then conducted to examine the 

relationship of genotypes of multiple SNPs and diabetic status on lipid-related 

levels.  Despite observing multiple different combinations of possible multiple 

gene affects, we found no statistically significant difference after analysis of the 

genotype-diabetic relationship.  Due to novel findings with CETP Taq1B, this 

SNP was included in the multi-gene analysis.  We did not observe a statistically 

significant interaction between CETP Taq1B and ADIPOQ, APOE, NOX3, or 

PSCK9 polymorphisms.  Of note, multi-gene and multi-gene-diabetic status 

analysis could not be perform for any SNP in combination with PCSK9 H533A 

due to the lack of participants within each variable group. 

 

Specific Aim 3.  Triglyceride-associated genes (ADIPOQ, APOE, CETP, 

NOX3) 

 ADIPOQ.  There is a potential for serum triglycerides levels to play a role 

in the ADIPOQ-CVD association.  An independent-samples t-test was run to 

determine if there were differences in lipid levels between ADIPOQ genotype 

groups.  We observed no statistical significance between triglyceride levels and  

ADIPOQ rs1063537 (g.18613C>T) genotype.  ADIPDOPQ rs1063537 was found 

to significantly associate with modification of IDL subclass, where variant allele 

carriers had statistically significantly lower levels of IDL2 (Table 21).  IDL is a 

metabolic intermediate of VLDL, where IDLs are derived from triglyceride 

depletion of VLDL.  However, participants in the variant group are too few to 

make many insightful interpretations.  We could not assess the interaction 
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between diabetes and genotype for this SNP because there were not any nonDM 

variant allele carrier participants.  The data suggest that there is an association 

between this ADIPOQ SNP and triglyceride-related levels but no interaction 

between this genotype and diabetes in African American men. 

 NOX3.  Insulin inhibits free fatty acid release from adipose tissue by 

inhibiting lipolysis.  NOX3 may play a role in inhibiting the breakdown of 

triglycerides into FFA, thus increasing serum triglyceride levels.  No statistically 

significant associations between triglycerides and/or triglyceride-related levels 

and genotype groups for NOX3 were detected (Table 21).  The data do not 

support the association of NOX3 rs7754577 with triglycerides or triglyceride-

related levels nor an interaction with T2DM.between genotype and diabetic 

status in African American men.   

 APOE.  APOE E2 allele carriers tend to have lower LDL levels but 

elevated triglycerides.  It is for this reason that genotype testing may be used to 

help diagnose type III hyperlipoproteinemia, a rare inherited disorder that causes 

xanthomas, elevated triglycerides, and increased CVD risk.  Participants were 

stratified into both two and four genotype groups and analyzed for modifying 

triglyceride and triglyceride-related levels.  

 We observed no statistically significant differences in triglyceride and 

triglyceride-related levels between APOE genotype groups, despite being 

stratified into two or four genotype groups (Table 22).  In addition, we found no 

statistically significant interaction between genotype groups and diabetic status. 
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Table 22.  Lipoprotein and Subclass Levels stratified by APOE or CETP Genotypes and Diabetic Status  
 

 
Non DM (n=50) T2DM (n= 54) Whole Cohort (n= 104) 

APOE E3/E3                   
(n=38) 

All others 
(n=12) 

P# E3/E3                   
(n=43) 

All others 
(n=11) 

P# Genotype 
Effect# 

Diabetic 
Effect# 

 

Genotype* 
Diabetic Effect~ 

 
Subclasses:*    

  
    

TG  (mg/dL) 89.9 + 77.4 93.8 + 50.2 0.871 137.4 + 85.9 135.5 + 78.1 0.945 0.941 0.003 0.875 

IDL 2  (nmol/L) 218.4 + 58.4 184.5 + 29.9 0.060 187.7 + 63.5 171.6 + 71.4 0.469 0.101 0.028 0.528 

IDL 1  (nmol/L) 194.1 + 54.6 176.1 + 46.4 0.310 202.5 + 65.7 186.4 + 98.6 0.518 0.248 0.504 0.952 

          

CETP Taq1B B1B1 
(n=34) 

B2 allele 
(n16) 

P# B1B1 
(n=36) 

B2 allele 
(n=18) 

P# 
Genotype 

Effect# 
Diabetic 
Effect# 

 

Genotype* 
Diabetic Effect~ 

 
Subclasses:*          
TG  (mg/dL) 88.1 + 58.3 96.6 + 95.3 0.699 136.8 + 81.7 137.5 + 89.9 0.977 0.765 0.003 0.814 

IDL 2  (nmol/L) 200.9 + 56.6 230.2 + 45.8 0.077 180.6 + 58.6 192.1 + 77.0 0.544 0.131 0.028 0.480 

IDL 1  (nmol/L) 181.8 + 51.9 206.7 + 52.5 0.122 201.8 + 78.1 194.1 + 62.7 0.719 0.685 0.504 0.228 

          

CETP I405V II 
(n=34) 

IV & VV 
(n16) P# 

II 
(n=36) 

IV & VV 
(n=18) P# 

Genotype 
Effect# 

Diabetic 
Effect# 

 

Genotype* 
Diabetic Effect~ 

 
Subclasses:*          
TG  (mg/dL) 96.3 + 85.9 87.2 + 61.1 0.664 146.8 + 103.3 132.6 + 74.1 0.567 0.666 0.003 0.875 

IDL 2  (nmol/L) 204.4 + 48.2 214.2 + 59.1 0.544 183.3 + 66.1 184.9 + 65.1 0.933 0.780 0.028 0.746 

IDL 1  (nmol/L) 193.8 + 47.2 187.0 + 57.0 0.663 211.3 + 90.5 193.6 + 63.7 0.411 0.519 0.504 0.679 

* Data are means +/- SD, unless otherwise noted.  Abbreviations used: IDL-C, intermediate density lipoprotein-cholesterol; TG, triglycerides. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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The data do not support the association of APOE with triglycerides or 

triglyceride-related levels nor an interaction between genotype and diabetic 

status in African American men. 

 CETP.  CETP is closely related to triglycerides, in that the larger the 

lipoproteins and the more triglyceride-rich they are, the more rapid the CETP-

mediated transfer of CE to them.  We observed no statistically significant 

differences in triglyceride and triglyceride-related levels between CETP genotype 

groups, neither CETP Taq1B nor CETP I450V (Table 22).  In addition, we found 

no statistically significant interaction between genotype groups and diabetic 

status.  The data do not support the association of CETP, neither CETP Taq1B 

nor CETP I450V, with triglycerides or triglyceride-related levels nor an interaction 

between genotype and diabetic status in African American men. 

 Combined genetic effect.  A two-way ANOVA was then conducted to 

examine the multi-gene relationship of ADIPOQ, APOE, CETP, and/or NOX3 on 

lipid-related levels, despite the lack of significance with preceding genes.  A 

factorial ANOVA was then conducted to examine the relationship of genotypes of 

multiple SNPs and diabetic status on lipid-related levels.  Despite observing 

multiple different combinations of possible multiple gene affects, we found no 

statistically significant interaction between multi-gene genotype groups and 

diabetic status.  There appears to be an association with ADIPOQ and both 

CETP SNPs but not of any statistical significance.  Of note, multi-gene and multi-

gene-diabetic status analysis could not be perform for certain SNPs in 

combination due to the lack of participants within each variable group.
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P# 
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Effect# 
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Genotype* 
Diabetic Effect~ 

 
Subclasses:*          
TG  (mg/dL) 88.1 + 58.3 96.6 + 95.3 0.699 136.8 + 81.7 137.5 + 89.9 0.977 0.765 0.003 0.814 

IDL 2  (nmol/L) 200.9 + 56.6 230.2 + 45.8 0.077 180.6 + 58.6 192.1 + 77.0 0.544 0.131 0.028 0.480 

IDL 1  (nmol/L) 181.8 + 51.9 206.7 + 52.5 0.122 201.8 + 78.1 194.1 + 62.7 0.719 0.685 0.504 0.228 
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II 
(n=36) 

IV & VV 
(n=18) P# 
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Effect# 

Diabetic 
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Diabetic Effect~ 

 
Subclasses:*          
TG  (mg/dL) 96.3 + 85.9 87.2 + 61.1 0.664 146.8 + 103.3 132.6 + 74.1 0.567 0.666 0.003 0.875 

IDL 2  (nmol/L) 204.4 + 48.2 214.2 + 59.1 0.544 183.3 + 66.1 184.9 + 65.1 0.933 0.780 0.028 0.746 

IDL 1  (nmol/L) 193.8 + 47.2 187.0 + 57.0 0.663 211.3 + 90.5 193.6 + 63.7 0.411 0.519 0.504 0.679 

* Data are means +/- SD, unless otherwise noted.  Abbreviations used: IDL-C, intermediate density lipoprotein-cholesterol; TG, triglycerides. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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CHAPTER 5 
 

DISCUSSION 
 

 This thesis revolves around three major objectives involving a population 

of African American men with T2DM. The first theme aims to investigate the 

relationship between lipid-related levels and specific genetic variations in HDL-

associated genes (CETP and PON1), determine if stratification by diabetic status 

alters these associations and assess if there is a multi-gene relationship.  The 

second theme aims to investigate the relationship between lipid-related levels 

and specific genetic variations in LDL-associated genes (ADIPOQ, APOE, 

NOX3, and PSCK9), determine if stratification by diabetic status alters these 

associations and assess if there is a multi-gene relationship. The third theme 

aims to investigate the relationship between lipid-related levels and specific 

genetic variations in triglyceride-associated genes (ADIPOQ, APOE, CETP, and 

NOX3), determine if stratification by diabetic status alters these associations and 

assess if there is a multi-gene relationship. 

 To address each aim and analyze any potential relationships and/or 

interactions, we employed a candidate gene case-control approach where we 

compared genotype frequencies of lipid related candidate genes in unrelated 

African American individuals with T2DM and healthy controls.  In Aim 1, we found 

that the particular variants of the HDL-related genes CETP and PON1 were 
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associated with modifications in HDL subclasses.  Specifically, variant allele 

carriers of CETP Taq1B had significantly modified levels of HDL 3b, HDL 3a and 

HDL 2b compared to the wild type.  Interestingly, variant allele carriers of CETP 

Taq1B had significantly modified levels of LDL subclasses, a feature typically not 

associated with the CETP gene.  In addition, we observed a significant 

interaction between CETP Taq1B genotype and diabetic status on HDL 2a 

levels.  We also found that variant allele carriers of PON1 L55M had significantly 

modified levels of HDL S compared to the wild type. In addition, we observed a 

significant interaction between PON1 L55M genotype and diabetic status on 

HDL3a levels.  In Aim 2, we found that particular variants of the LDL-related 

genes ADIPOQ, APOE and PCSK9 were associated with modifications with LDL 

subclasses.  Specifically, variant allele carriers of ADIPOQ rs1063537 had 

significantly modified levels of LDL 1 and IDL2 compared to the wild type.  

Variant allele carriers of APOE had significantly modified levels of LDL-C and 

LDL1 compared to the wild type.  Interestingly, we observed a significant 

interaction between PCSK9 A443T genotype and diabetic status on HDL3b, 

HDL3a, and HDL2b levels, characteristic typically not associated with the PCSK9 

gene.  In Aim 3, we found that the only particular variants of the triglyceride-

related gene ADIPOQ were associated with modifications with IDL subclass 

(found in both Aim 2 and 3). 

 

Lipid-Related Pharmacogenomics 

 Genomics serve several roles in CVD, including disease prediction, 
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distinguishing SNPs that influence CVD, functional assessment of these genetic 

variations to understand mechanisms, and characterization of therapeutic 

targets.  Advancements in these studies have led to several clinically useful 

diagnostic tests.  Nonetheless, there has been little progress in developing 

genetic testing for complex CVD because individual common variants have only 

a modest impact on risk. The study of the genomics of complex CVDs is further 

challenged by the influence of environmental variables, phenotypic 

heterogeneity, and race.  

 Individualized medicine aims to provide specifically tailored solutions 

centered on patient-specific mechanisms of disease. Increased focus on 

molecular disciplines, including functional genomics and translational biology, 

have promoted the development of more precise diagnostic and therapeutic 

platforms personalized to the individual patient. Patient centered diagnostic tools, 

influenced by an individual’s genetic makeup, are emerging tools in 

cardiovascular pharmacology. Advances in pharmacogenomics and translational 

biology provide the foundation to transform understanding of molecular 

mechanisms in relation to health and disease.251 An example of a successful 

discovery of the association between variants in the APOE gene and CVD.252 But 

most of the later candidate gene data were inconsistent and not reliably repeated 

in large independent samples.  

 

Specific Aim 1.  HDL-associated genes (CETP & PON1) 

 CETP.  To our knowledge, this is the first study to examine the 
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relationship between T2DM and CETP genotype in African American men with 

and without diabetes.  We found statistically significant associations not only 

between Taq1B genotype and HDL subclasses, but LDL subclasses as well.  Our 

observations challenge previously reported data, in Caucasians, which found that 

these associations were affected by T2DM.139,253 Despite previous data 

suggesting that the CETP I405V polymorphism was associated with 

modifications in lipoproteins, our study revealed no such relationship.  The novel 

findings of this study suggest that CETP Taq1B genotype is associated with 

potentially athero-protective alterations in LDL and HDL subclass distributions, 

where the presence of T2DM may not effect this association.  By focusing on 

variables like a patient’s genes and co-morbid conditions, such as T2DM, studies 

such as this seek to improve the prediction and management of CVD, through 

the practice of precision medicine. 

 Given the known differences in HDL-C between African Americans and 

Caucasians, the associations seen between HDL subclasses and CETP Taq1B 

genotype in this study are quite interesting.24,254 Decreased CETP activity and 

CETP antagonism are associated with more large HDL particles, the HDL2 

subclass, whereas increased CETP activity is associated with higher levels of 

HDL3b.133,255–257 Despite these findings, the AACE lipid guidelines do not 

recommend assessing HDL subclasses in patients.258 The fact that, in the face of 

analogous HDL-C measures, we observed differences in HDL subclasses, 

specifically lower level of small-HDL and higher level of large-HDL, suggests that 

simply measuring HDL doesn't describe the full picture. 
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 Since CETP activity results in the transfer of cholesteryl ester from HDL to 

LDL, it has the potential to modulate both lipoprotein levels. While small, dense 

LDL subclasses have been recognized as a risk factor for atherosclerosis, 

studies assessing CETP genotype primarily focus on abnormalities in HDL-C, 

few include LDL-C or LDL subclasses and even fewer included African 

Americans.259–262 In the two studies that did include African Americans, the CETP 

Taq1B B1 allele was found to be associated with increased LDL-C.263,264 

Consistent with our data, a study from Austria of patients with unknown race 

found that the CETP Taq1B B2 allele was significantly associated with increased 

LDL particle diameter.265 Taq1B B2B2 genotype is related to decreased CETP 

activity, reduction in LDL-C and increases in LDL particle diameter (large LDL 

subclass).263–265 Even with this observation, the process for LDL subclass 

modification is unclear. 

 Our study found associations only with the CETP Taq1B polymorphism 

and lipid-related levels, and not with CETP I405V in our African American 

population.135,266 Data involving CETP I405V have been inconsistent, where 

some studies in Caucasians and mixed race populations have shown 

associations between genotype and HDL-C but others have not.132,135,266,267 The 

utility of the CETP I405V polymorphism for predicting lipid levels is not clear at 

this time. 

 Data have demonstrated that T2DM is an important risk factor for CVD 

mortality in the general population, but especially in African Americans.268,269 

There is a tight association between T2DM and dyslipidemia, where the 
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remodeling of lipoproteins, which involves CETP-mediated transfer, favors 

enhanced formation of LDL-C and reduced HDL-C.270,271 However, previously 

published results suggest a modulating effect of T2DM on CETP Taq1B 

genotype effects in Caucasian populations, but there is a lack of actual data 

assessing this effect in non-Caucasians.139,253,263 The reason for this 

inconsistency between racial groups is not clear.  

 Given the importance of CETP for reverse cholesterol transfer and HDL 

efflux, it would be interesting to examine, in future studies, HDL and LDL 

particles in association with the above genotypes in a larger population of African 

American men and women, with and without diabetes.  Understanding the 

influence co-morbidities, such as T2DM, may have in the presence of genetic 

variations will facilitate the application of precision medicine for this particular 

patient population.  Therefore, this paper contributes to the growing body of 

literature supporting the significance of CETP Taq1B genotype. Given the 

importance of CETP for reverse cholesterol transfer and HDL efflux, it would be 

interesting to examine, in future studies, HDL particles in association with the 

above genotypes in a larger population of African American men and women, 

with and without diabetes.  Advances in cardiovascular precision medicine will 

provide clinicians with tools to better understand the complex mechanisms of 

disease so they can select therapies that will work best in each patient. 

 PON1.  Human serum paraoxonase (PON1) exists in two polymorphic 

forms: one that differs in the amino acid at position 192 (glutamine and arginine, 

Q and R, respectively) and the second one that differs in the amino acid at 
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position 55 (methionine and leucine, M and L, respectively). PON1 protects LDL 

from oxidation, and during LDL oxidation, PON1 is inactivated.200 Two genetic 

variants of PON1, the Q192R g.21439A>G (rs662) and L55M g.12801T>A 

(rs854560) polymorphisms, which profoundly affect the activity of serum 

paraoxonase, have been aggressively studied for their association CVD.196,197  

 Previous studies have found significantly lower levels of PON1 and 

increased functionally defective HDL-C in African American populations.191,192 

However, our observation contradicts the results of these previous studies. We 

observed that less effective HDL subclass (HDL-3) were reduced in the presence 

of the PON1 L55M variant. Data, in other racial groups, have shown that the 

homozygous variant (MM) confers increased protection against LDL lipid 

peroxide production, more efficient regulation of LDL lipid oxidation levels and 

potentially a more protective genotype against CVD.204–206  Several studies have 

demonstrated a possible physiological association between PON1 and HDL, 

where HDL provides a vector that facilitates the secretion of the enzyme by liver, 

coincidentally stabilizing the enzyme.272 HDL likely provides a hydrophobic 

environment, potentially essential for PON1 function, and in return, the enzyme 

inhibits or limits HDL oxidation.273,274 We observed a statistically significant 

difference in levels of HDL S, a positive trend with lower total cholesterol, and 

relatively higher HDL-C in individuals with the M variant allele, consistent with 

studies involving minorities.  While not significant, these observations provide 

more understanding into the role of PON1 variants, a possible reduced risk for 

cardiovascular disease.  
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 Our study found associations only with the PON1 L55M polymorphism and 

lipid-related levels, and not with PON1 Q192R in our African American 

population.135,266 In a study of 391 Caucasian Europeans subjects, researchers 

found that L55M was not associated with HDL. Garin et. al also detected no 

significant increase in HDL with PON1 MM or RR.  Studies have shown that 

PON1 phenotype is a better predictor of increased CVD risk, where decreased 

activity is associated with increased CVD risk.187,192 Therefore, studies in 

Caucasians typically focus on PON1 (phenotypic) activity in addition to genotype.  

For example, PON1 Q192R has a strong effect on PON1 activity levels by 

significantly affecting the catalytic efficiency. The QQ genotype is more efficient 

at metabolizing oxidized HDL-C and LDL-C.200,201 African Americans have been 

shown to have higher paraoxonase and lower diazoxonase activity than 

Caucasians.192 The relationship between PON1 genotype HDL may also reflect 

an influence of PON1 activity in our African American population. 

 PON1 L55M and Q192R polymorphisms have been reported to be 

associated with T2DM and its complications. Overall, it appears that the 

presence of T2DM modifies the genotype affect, where differences between 

genotype groups become more profound in the presence of diabetes.  While this 

observation is consistent with previous studies, results were based on PON1 

polymorphisms as well PON1 activity, where alterations in HDL-C levels as well 

oxLDL concentrations was associated with reduced PON activity 275–277 

 Allele frequencies for PON1 gene that influence enzyme concentration as 

well as activity differ greatly among racial/ethnic groups.  Data from several 
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studies also showed racial/ethnic variations in the interpretation of CVD.185,186  

Several previous studies have found that the presence of the PON1 L55M and/or 

Q192 allele raises the risk of CVD while others found no correlation. The studies, 

however, have focused on the genotype of PON1 and not the expression level of 

the protein.  We presume that PON1 may be a potential target of interest in CVD 

risk due to the effect on HDL subclasses.  In African Americans, especially those 

with T2DM, a better understanding of the relationship between the PON1 

genotypes, phenotypes, T2DM and lipids levels may help to clarify the role of 

PON1 as well as the other previously mentioned genes, in CVD risk.  

 

Specific Aim 2.  LDL-associated genes (ADIPOQ, APOE, NOX3, and PSCK9) 

 ADIPOQ.  Promising CVD markers such as adiponectin, can aid in 

cardiovascular risk stratification.  Although the physiological role of adiponectin is 

yet to be fully determined, it is thought to play a role in the pathophysiology of 

both T2DM and CVD.  Under normal physiological conditions, adiponectin 

promotes plasma lipid clearance.67,68 Adiponectin has been show to influence 

lipoprotein levels by altering the activity of key enzymes, including lipoprotein 

lipase and hepatic lipase.72–74 In Caucasians, genetic deficits in ADIPOQ may 

contribute to insulin resistance and coronary artery disease.75 There appears to 

be an association between ADIPOQ SNPs and subclinical CVD, for example 

increased carotid intima media thickness and coronary artery calcium, in African 

Americans.78 The role of adiponectin in both glucose utilization and lipid 

metabolism makes it an ideal candidate gene for this study.  
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 Adiponectin concentration has been positively correlated with HDL-C but 

negatively with LDL-C and triglycerides.69,70 Interestingly, we found significant 

associations in genotype and an LDL-related level, where IDL 2 was significantly 

reduced in variant allele carriers. There was also a trend towards lower LDL 1 

and LDL L in variant allele carriers.  While the link with dyslipidemia is unclear, 

adiponectin levels may modify the production of VLDL and lipid metabolism by 

altering the fat content of the liver.71 LDL1 and LDL L are large, buoyant particles, 

shown to be less atherogenic than sdLDL.  IDL 2 is a small particle subspecies of 

IDL thought to be responsible for higher cholesterol content.  IDL can be 

removed from the blood by the liver or converted to LDL-C, where the triglyceride 

content drops from about 50% to 20%.  Subjects with dyslipidemia who suffer 

from accelerated atherosclerosis have a specific elevation in IDL and subnormal 

LDL.123 The reduction in levels of any IDL subclass potentially indicates a 

decreased CVD risk.   

 Due to the insulin-sensitizing and anti-atherogenic characteristics of 

adiponectin, ADIPOQ plays a pivotal role the variation in lipoprotein metabolism 

and atherogenesis. A lack of correlation between ADIPOQ/adiponectin and 

T2DM in the African American population has been previously been reported.76,77 

Our study could not analyze this interaction due to not enough participants in 

each variable group.  However, we do observe a smaller difference between 

genotype groups in the presence of diabetes than in analysis of only genotypic 

affect.  

 Overall it appears that the effects of this SNP provide an improvement in 
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LDL and LDL related levels in African American men.  Levels of adiponectin are 

significantly lower in African Americans and in T2DM patients.79,84 These lower 

levels of adiponectin could potentially be due to ADIPOQ variants, exacerbating 

CVD risk.  Results of this study may shed light on the conflicting roles of 

ADIPOQ, particular rs1063537, in dyslipidemia and T2DM in African 

Americans.76 SNPs in genes modulating insulin sensitivity or lipoprotein 

metabolism can be useful markers for an individual`s susceptibility to complex 

diseases, such as CVD. The association between adiponectin and CVD risk 

needs to be clarified in the African Americans, especially those with T2DM. 

 APOE.  Apolipoprotein E, a protein that plays a role in the regulation of 

lipid metabolism in humans, is classified into three major isoforms (E2, E3, and 

E4).  APOE E3 isoform is the most prevalent.  E4 is degraded and cleared more 

rapidly, leading to alterations in lipoprotein metabolism and increased CVD 

risk.96,100 APOE E2 is associated with a 20% lower risk of CVD due to its reduced 

affinity for lipoprotein receptors, resulting in slower clearance of dietary fat from 

blood.98 

 The relationship between APOE and lipid related levels is dependent on 

the specific APOE isoform genotype.  In African Americans, a strong and GWAS-

significant association of LDL-C with APOE E2 (rs7412) has been shown.105 In 

addition, APOE has been shown to be significantly associated with lipids in 

African Americans, where E2 carriers had significantly lower levels of LDL-C and 

total cholesterol.106 APOE allele frequencies differ between African American and 

Caucasians with APO E2 frequency being higher and E3 lower in African 
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American compared to Caucasians.37,110 Such differences may have influences 

on the interaction of specific APOE alleles and lipoprotein particle size and 

concentration more in African American than Caucasians. 

 Our study analyzed the effect of APOE genotypes on lipid related levels in 

African American males as wells as the interaction between those genotypes and 

diabetic status on alterations in the lipid profile.  We found statistically 

significantly differences between genotype groups in specific LDL subclasses.  

E4 allele carriers follow a trend of increased levels of the above subclasses 

compared to the E3/E3 wildtype group whereas E2 allele carriers follow a trend 

of decreased subclass levels compared to the E3/E3 wildtype group.  This is 

consistent with what has been demonstrated in other populations where deficient 

APOE has also been associated with alterations in LDL-C.  While not significant, 

we observed decreases in LDL-C and LP(a) in variant allele carriers (all others in 

2-group analysis). This observed association is consistent as deficient APOE, 

particularly the E2 allele, has been associated with decreased LP(a) and 

decreased LDL-C.  APOE genotypes potentially serve as a biomarker for 

increased LDL-C and LP(a) levels in African American men.   

 There is evidence that APOE gene polymorphisms are associated with 

lipid related levels in T2DM as well.104,112 The E4 allele is associated with 

significantly higher levels of LDL-C in individuals with T2DM.  In regards to CVD, 

diabetic E4 carriers have been shown to have increased atherosclerosis and an 

increased risk of CVD-associated death.113–115 While our study found no 

significant interaction on lipid related levels, more studies are needed to 
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determine whether or not diabetic status will influence this increase affect.  With 

the increasing prevalence of CVD among African Americans, it becomes 

essential to identify genetic markers that may predispose individuals to CVD 

events. 

 NOX3.  Increased NOX activity also contributes to a large number or 

pathologies, in particular cardiovascular diseases.278 Various diseases are 

associated with overproduction of ROS by NOX enzymes.  Specifically, NOX3 is 

highly expressed in the inner ear, associated with deafness and ototoxicity 

resulting from NOX3-mediated ROS generation.145,146 NOX3 shares sequence 

similarity with other NOX isoforms and has also been shown to be expressed in 

the fetal kidney.147 NOX3 is not expressed in endothelial and vascular cells like 

its counterpart NADPH oxidases; its role in the development of CVD is unclear 

and needs to be investigated further.148  

 Our study focused on the identifying the role of NOX3 genotypes and the 

relationship between those genotypes and lipid related levels in African American 

males with T2DM.   Our study found the genotype frequencies of NOX3 

rs7754577 are consistent with previously published data.  We observed no 

statistically significant difference in genotype effect or genotype-diabetic effect for 

any lipid-related levels.  Despite the lack of association, there is still an 

opportunity as well a need to distinguish any potential role of NOX3 in CVD.   

 Physiological concentrations of ROS function as signaling molecule in the 

endothelium.  Consequently, excess ROS production leads to pathological 

disorders like inflammation and atherosclerosis.278 Of the potential sources of 
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ROS in vasculature, the endothelial NOX families of proteins are major 

contributors.  This observation does not currently include NOX3, however.  The 

impact of NOX3 in CVD, in not only African Americans but also the general 

population, has not yet been determined. 

 T2DM is well recognized to be associated with a chronic inflammatory 

state.  It is has already been established that iNOS expression in metabolic 

tissues plays a major role in promoting insulin resistance.279 NOX3 may be a key 

NADPH oxidase system responsible for this O2 production in inflammatory 

settings.  NOX3 has also been implicated as a potential candidate gene in 

diabetic nephropathy and/or renal damage.  Reduced renal function often is a 

major consequence of diabetes.158 Despite our lack of interaction between 

genotype and T2DM, it would be of interest to continue to the role of NOX3 in 

African American individuals, especially those with T2DM.  

 Oxidative stress is one of the main mechanisms of CVD occurrence and 

development and a critical pathogenic factor in the initiation and development of 

diabetic complications.154,184,279,Atherosclerosis originates from endothelial 

destruction and inflammation.149,150 Diabetes is accompanied by increased 

generation of ROS in the kidney and resulting oxidative stress leads to a number 

of pro-atherogenic events.155,156 There is no data related to NOX3 expression in 

organs involved in diabetic complications is available yet. Due both disease 

states being so prevalent in the African American population understanding 

genetic causes of CVD-related inflammation are fundamental. Future studies of 

NOX3 would provide some potentially interesting data.  The importance of 
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oxidative stress in the development of atherosclerosis and CVD seems to be 

widely accepted, where several members of the NADPH oxidase family have 

already been implicated.151–153 Therefore more studies on NOX3 in CVD risk are 

necessary and would benefit in the characterization of this oxidase, especially in 

a population that disproportionality suffers from risk factors.   

 PCSK9.  Numerous studies have demonstrated a clear link between 

PCSK9 function and circulating levels of LDL-C.  PCSK9 promotes degradation 

of hepatic LDLR and was identified as an important enzyme in LDL 

metabolism.167 In our current study, results reveal other associations not typical 

of PCSK9. While previous studies have associated PCSK9 with elevated 

lipoprotein levels, subsequent genetic studies have revealed that instead 

particular SNPs may instead lower LDL and decrease CVD risk.  Further 

molecular studies have clarified that these beneficial mutations are responsible 

for reduced activity of PCSK9 and allowing for more clearance of LDL.  

 PCSK9 levels have been correlated with several indicators of glucose 

metabolism, including fasting blood glucose, insulin, and homeostasis model 

assessment-insulin resistance (HOMA-IR), an marker of insulin sensitivity.280 In 

our current study, results reveal other associations not typical of PCSK9, given 

that PCSK9 is not known to have any direct association with HDL levels in other 

studies.  Our findings identified a statistically significant interaction between 

PCSK9 genotype and T2DM in modifications of HDL subclasses, only in the 

A443T variant.  With regards to HDL2 and HDL3 subclasses, T2DM A443T 

variant allele carriers had a less favorable HDL profile compare to their nonDM 
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variant allele and T2DM wild-type counterparts (p<0.1).  Consistent with our 

results, previous data have suggested that diabetes impairs the effect of PCSK9 

on LDLR activity.177,178  These results are interesting as PCSK9 is typically 

associated primarily with LDL-C and not with HDL-C.  Other studies have had 

similar findings where the presence of T2DM modified the relationship between 

plasma PCSK9 and non-HDL cholesterol and apolipoprotein B.178 

 Despite many reports indicating no significant difference in plasma PCSK9 

levels between non-diabetic and T2DM patients, they do report modification on 

the association of plasma PCSK9 on other lipid-related levels.177,178 While 

PCSK9 levels were found to be higher in individuals with T2DM vs. nonDM, the 

effect of diabetes and PCSK9 on the moderation of lipid levels in African 

Americans is unclear.  Since the overproduction of VLDL is a hallmark of T2DM, 

it is possible that PCSK9 function might be altered in this condition.  Various 

studies have established that plasma levels of PCSK9 are significantly higher in 

diabetic patients than in non-diabetic individuals.  However, this has not been 

shown in African American populations where no significant interaction has been 

shown.175,176 Studies have observed that PCSK9 was still positively associated 

with LDL-C despite the presence of T2DM.176  Our study cannot definitively 

establish whether this newly observed interaction is a result of PCSK9 

mechanisms or by other various mechanisms directed by different gene products 

and T2DM.  The mechanisms by which PCSK9 inhibition increases levels of HDL 

is possibly due to its role in reducing LDL as acceptors of cholesterol, preventing 

transfer of cholesterol from HDL to LDL.  Nonetheless, to our knowledge this is 
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the first study to analyze whether or not diabetes modulates the effect of PCSK9 

polymorphisms on lipoprotein subclasses levels and provide thought-provoking 

findings. 

 An important additional area of CVD genetics is that of molecular studies 

and how CVD genetics can give important insights into pathophysiology and 

biologically relevant pathways for disease.  Our results support that the effect of 

PCSK9 extends beyond circulating LDL-C.  PCSK9 inhibition has been 

associated with increasing plasma HDL-C levels when lowering LP (a).281 It is 

necessary that studies continue to decipher race–specific genetic characteristics 

of PCSK9 biology, with an expanded focus on PCSK9’s role in regulating LDL-

related as well as HDL related levels. 

 

Specific Aim 3.  Triglyceride-associated genes (ADIPOQ, APOE, CETP, 

NOX3) 

 There is some evidence linking elevated triglyceride levels and CVD.  

However, the extent to which triglycerides directly promote CVD is still under 

debate. In addition, whether triglycerides represent a biomarker of risk is another 

topic of dispute.  GWAS studies have found more than 30 SNPs associated with 

triglyceride levels, where recent findings suggest that alleles associated with 

increased triglyceride are also associated with a decreased risk of 

T2DM.213,229,282 The various genetic mechanisms linking triglyceride-related lipid 

levels and T2DM are still unclear.  As de novo lipogenesis is likely upregulated in 

the context of insulin resistance, converting glucose into fatty acids, it is possible 
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that the triglyceride genes are also upregulated in the context of insulin 

resistance.283,284 

 Triglycerides have long been the most challenging lipid measure in the 

evaluation of CVD risk.  Triglycerides have an inverse association with HDL-C.  

In addition, triglyceride levels are influenced by T2DM, however T2DM is not 

always assessed as a confounding factor.  While several genetic studies linking 

TG with cardiovascular risk are available, this association with many lipid-related 

genetic variants are unclear.39,285–287  Our study aims to elucidate the roles of 

these variants in African Americans. 

 ADIPOQ.  Adiponectin is an adipocyte-derived hormone, encoded by the 

ADIPOQ gene, which plays an important role in glucose and lipid metabolism. It 

has been shown that adiponectin alters triglyceride levels via increased VLDL 

metabolism.67 In addition, adiponectin enhances insulin sensitivity and plays an 

important role in glucose metabolism.288 Therefore, understanding the genetic 

contributions of ADIPOQ is of great significance. 

 Consistent with results from Aim 2, we found only significant associations 

in genotype and IDL subclass, where IDL 2 was significantly lower in variant 

allele carriers.   IDL 2 is a small particle subspecies of IDL thought to be 

responsible for higher cholesterol content. We observed no significant interaction 

between ADIPOQ genotype and diabetic status.  Interestingly, triglyceride levels 

were similar between genotype groups as well as individuals with T2DM. 

 Little is known about the relationship between IDL and CVD risk.  VLDL 

triglyceride is hydrolyzed by LPL, generating smaller and denser VLDL and 
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subsequently IDL.289 During this conversion IDL particles will have lost most of 

their triglycerides.  Therefore, one would speculate that increased IDL would 

correlate with decreased triglyceride, however we did not see this association.   

However, elevated IDL is still considered potentially atherogenic, therefore lower 

levels of this lipoprotein may reduce detriment as well as possibly CVD risk. 

 Several studies have demonstrated that serum adiponectin concentrations 

are decreased in individuals with dyslipidemia and T2DM.88 Thus, ADIPOQ may 

have a causal role in the pathogenesis of T2DM and CVD risk.  Further studies 

and assessment of other ADIPOQ SNPs, in regards to triglyceride levels, are 

reasonable and may serve as promising biomarkers for CVD risk.  

 APOE.  Carriers of the APOE E4 allele are at increased risk of CVD, 

attributable to higher LDL-C and triglyceride concentrations in this genotype 

subgroup.102  Our study analyzed the effect of APOE genotypes on triglyceride 

related levels in African American males as wells as the interaction between 

those genotypes and lipid profile.  Consistent with Aim 2, APOE was analyzed by 

grouping individuals into 2 genotype groups (E3/E3 vs. all others) and 4 

genotype groups (E2 allele carriers, E4 allele carriers, E3/E3 individuals and 

E2/E4 individuals.  Previous studies have found triglyceride concentrations to be 

significantly higher in APOE E2/E2, E3/E2, E3/E4 and E2/E4 individuals 

compared to wildtype E3/E3 individuals.  This trend was found in samples of 

normolipidemic adults and children, in diabetic and obese individuals.290    

 Our present study demonstrates significant effects of variation in APOE 

phenotype on the subclasses of both HDL and LDL, but not triglycerides. 
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Consistent with other racial populations, APOE genotypes in African American 

men associate with significant variation in plasma lipids profile. Multiple risk 

factors interact and play a role in the development of T2DM and/or CVD. Further 

genetic studies to add information beyond the traditional cardiovascular risk 

factors in T2DM patients and to identify risk genotypes will help in early 

prediction and identification of at risk patients. 

 CETP.  Consistent with Aim 1, our study found the genotype frequencies 

of CETP Taq1B and I405V are consistent with previously published data. We 

observed no statistically significant difference in genotype effect or genotype-

diabetic effect for any triglyceride-related levels.  Despite the well-characterized 

effects of CETP on plasma cholesterol metabolism, the role of CETP in 

triglyceride metabolism has been studied less well.   

 CETP mediates the bidirectional exchange of cholesteryl esters and 

triglyceride between HDL and VLDL, the thought is that CETP-mediated transfer 

would also modulate levels of triglycerides.  Studies have shown that elevated 

triglyceride levels accelerate the CETP-induced lipid shift, resulting in more 

atherogenic sdLDL and reduced HDL.291,292 Variations in CETP plasma 

concentrations may contribute to the high-triglyceride, low-HDL phenotype.  

Hypertriglyceridemia has been associated with complications such as 

cardiovascular events and acute pancreatitis.39,293 More studies are necessary to 

provide insights into CETP variants that may potentiate or prevent this 

phenotype, in efforts to improve CVD risk. 

 NOX3.  NADPH oxidases are a ROS-forming enzyme family that 
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contributes to a large number or pathologies, in particular cardiovascular 

diseases, where oxidative stress is as a critical pathogenic factor.155,156 To our 

knowledge, there is no data related to NOX3 genetic variation in analysis on lipid 

related levels.  Consistent with Aim 2, our study found the genotype frequencies 

of NOX3 rs7754577 are consistent with previously published data. We observed 

no statistically significant difference in genotype effect or genotype-diabetic effect 

for triglyceride-related levels.  

 Studies have shown that oxidative stress is one of the main mechanisms 

of CVD occurrence and development. Extreme reactive oxygen species can 

cause an imbalance in the body of oxidation and anti-oxidation, leading to tissue 

damage.   While the expression of NOX3 is limited, unlike its NADPH oxidases 

counterpart, its role in the development of CVD is unclear and should be 

investigated further.148 

 

Diabetic Dyslipidemia 

 The HDL-C levels in our total population are consistent with previous 

findings that diabetic African Americans have slightly higher HDL-C than diabetic 

Caucasians.  Interestingly, the fact that we saw a difference in both HDL and LDL 

subclass size is somewhat unique from the other findings.  Researchers have 

reported that men with T2DM have higher levels of smaller HDL particles than 

control group subjects.52,294 Some investigators have suggested that while HDL-

C levels are elevated in African Americans, the HDL particles may not be 

functioning suitably in reverse cholesterol transport.  Our data suggest that in 
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addition to this being true, alterations in HDL particle levels may also be due to 

genetic variation as well as the presence of T2DM. 

 Participants in our study with T2DM tended to have higher concentrations 

of the smaller LDL particles. This is not surprising since the basic shape of the 

LDL peak, in most individuals, represents a normal distribution, thus as the 

diameter decreases in size the number of particles in the smaller regions 

increases and conversely the number in the larger regions decreases.  This is 

consistent with other reports that concluded that insulin resistance is associated 

with increased small dense LDL particles.257,268 Additionally, high levels of the 

smaller LDL subclasses, LDL medium and small, which represent the most 

atherogenic particles, reflect an abundance of these LDL particles that could 

correlate with an increased risk for CVD in subjects with or without diabetes.295  

 

Potential Implications for CVD Risk Assessment 

 Cardiovascular morbidity and mortality risk in African Americans, 

especially those with T2DM, is significantly elevated as a result of a combination 

of risk factors, among which dyslipidemia plays a prominent role.296 With 

emphasis on a number of well-validated and common CVD risk SNPs endorsed 

in Caucasian populations in previous studies, the objective was to assess their 

role in African Americans.   The study focused on the presence of dyslipidemia 

and T2DM, both of which are cornerstones of CVD risk and prevention.  

 After years of research surrounding candidate gene associations, 

identification of genetic markers and innovative statistical tools have led to a 
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large number of novel SNPs associated with complex human diseases.  In the 

setting of CVD, these developments have been effective in revealing many 

groundbreaking genetic associations with cardiovascular risk factors such as 

lipids, blood pressure, diabetes, and obesity.269,297 A major objective of these 

studies has always been to provide new insights into the pathophysiology of 

CVD.  Additionally, an emerging aim of these discoveries has been to use these 

genetic markers to support the practice of personalized medicine by 

incorporating genetic information into risk prediction.  

 Lipid lowering therapies with statins and glucose reduction by the use of 

various anti-diabetic therapies are both considered cornerstones in preventive 

treatment for atherosclerotic CVD.  However, studies have shown that only half 

of treated patients with diagnosed CVD reach actual treatment goals for 

lipids.296,298 Interestingly, these numbers are even lower in high-risk subjects 

without any CVD manifestation. This sub-therapeutic treatment response is not 

only challenging for the patient but also from a clinician’s preventive perspective 

as well.  One common reason for pursuing this identification of distinctive 

markers is that current risk scores explain a fairly small proportion of CVD 

incidence in the community. In addition, there might be a number of reasons 

underlying the absence of sufficient treatment response, with compliance being a 

likely reason, individual genetic influences probably affect treatment response to 

an extent as well.     

 It is estimated that only 50% of the incidence of CVD is explained by the 

traditional risk factors.299 Therefore, novel markers of preclinical disease are 
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needed to improve existing risk prediction algorithms.  Although the importance 

of traditional risk factors and the utility of current risk prediction tools cannot be 

overlooked, efforts to improve risk prediction are needed given that CVD is 

preventable. This had led to a convincing search for racially distinct, particularly 

African American, and disease specific biomarkers that can enhance the 

currently available risk tools.  

 In the literature review chapter, the results of the studies emphasized an 

association between dyslipidemia genetics, development of atherosclerosis 

and/or increased CVD in the general population.  These studies were designed 

to examine potential genetic influences on specific CVD preventive treatments 

that affect the atherosclerotic process.  The majority of studies that have claimed 

to identify novel biomarkers that enhance risk prediction beyond the Framingham 

risk score have been noted to have flaws in their design, analysis, or 

interpretation.  It is necessary to provide research support in the clinical utility of 

novel biomarkers in specific populations, for example African Americans, for the 

purpose of enhancing CVD risk prediction. 

 

Study Design Strengths & Challenges 

 With a combination of the approaches outlined above, it is plausible that a 

greater percentage of the genetic variance of CVD will be explained in the near 

future. Whether this will lead to genetic risk prediction tailored toward specific 

ethnic groups that can be useful in clinical practice remains to be determined. 

Although high levels of prognostic performance for genetic risk prediction are 
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important, many additional considerations exist.  Clinically significant 

improvements in predictive measurements should represent the threshold for 

clinical utility and slight improvements that meet an arbitrary threshold for 

statistical significance will not be enough for translation to clinical use.  Well-

validated biomarkers for CVD risk with good prognostic performance in large 

prospective cohorts will potentially be sufficient evidence for clinical use.  The 

advantage of genetic biomarkers and risk scores is that they remain stable 

throughout life and can predict the genetic risk of disease at any age.  However, 

it may be challenging to use them to assess efficacy of treatment or other risk-

reduction strategies.  Whether genomic risk scores, specific to various racial 

groups such as African Americans, will eventually become a reality or 

superseded by protein based risk models remains to be seen. 

 Population-based studies are the most commonly used for studying gene- 

interactions. These include case-control studies that allow the study of gene-lipid 

level interactions on the prevalence of T2DM. These studies can provide 

valuable insight into the possible biological pathway through which interactions 

are acting which cannot be captured by studying T2DM as the outcome variable.  

The randomized control trial (RCT) approach in studying interactions has great 

advantages in eliminating confounding bias and permitting causal inference. 

However, most of RCTs suffer from low power in detecting interactions due to 

their small size and short duration of follow up. 

 Our study addresses the unmet, critical need for genetic and lipid-related 

data among the African American population, with the potential to identify 
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sources of disparity in CVD risk and potential to impact racial disparities.  The 

results provide an opportunity to examine a link between two complex CVD risk 

factors and address an important clinical research question, whether there is 

transferability in previous predominantly Caucasian studies to minority 

populations. In addition, our patients enrolled in our study were not on any lipid-

lowering medications, an inclusion criterion typically hard to achieve. 

 Our current pharmacogenetic study did not have enough power to give 

definitive results.  With respect to the effect sizes, genotype-diabetic status 

interactions were interesting to study; it was certainly at the expense of the 

study’s power due to smaller subgroups.  The overall results of the study should 

be interpreted with this in mind.  Because of the limited power, we cannot be sure 

that SNPs shown to have no significant association are indeed not clinically 

important.  We found that CETP Taq1B genotypes were not in HWE in our total 

population, however the remaining SNP genotypes did not exhibit any significant 

differences between groups.  Furthermore, all genotypes, including Taq1B, were 

not significantly different after stratification into T2DM & nonDM groups.  

Although the reasons for nonconformity are unknown, our genotype frequencies 

are consistent with frequencies observed in the general population.  In addition, it 

is unlikely to be due to genotyping error, as suitable controls were used, 

genotype results were confirmed in a subgroup by commercial sequencing and 

consistency in genotype calls were maintained by analysis of two independent 

researchers. 
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Conclusions 

 African Americans are disproportionately affected by CVD and have not 

experienced the same benefit from treatment as Caucasian patients have. Much 

of the disparity can be blamed on modifiable risk factors such as uncontrolled 

diabetes and on suboptimal health care, where socioeconomic factors have been 

implicated.  Socioeconomic factors in turn could account for delay in seeking 

treatment for worsening symptoms, failure to recognize symptoms, limited 

disease awareness, inadequate access to health care and poor adherence to 

recommended treatment. When African Americans are treated according to 

guidelines, discrepant outcomes can be minimized.  Preventing CVD should be a 

priority and efforts should be directed toward detecting and modifying risk factors 

early as well as managing disease aggressively. 

 Our study investigated the association of lipid-related polymorphisms with 

clinical parameters and lipid-related characteristics associated with CVD risk and 

examined if diabetic status modifies these associations in African American men.  

Specific genotypic affects appear to be different in our African American 

population, but the overall affect appears transferable between races.  In 

addition, our study reveals data about the effect of genetic-diabetic interactions 

on lipid subclasses in African American men, to our knowledge the first study of 

its kind.  We found that ADIPOQ variant allele carriers had significantly lower 

levels of LDL 1 and IDL 2 and APOE variant allele carriers had significantly lower 

levels of LDL 1, subclasses considered less atherogenic than other LDL 

subclasses.  Fairly consistent with findings that ADIPOQ & APOE are negatively 
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correlated LDL, these variants appear to be associated with decreases in the 

more preferable LDL subclasses.  CETP Taq1B and PON1 L55M variant allele 

carriers were significantly associated with HDL subclasses, where we observed 

increases in larger, more efficient HDL and decreases in smaller HDL.  These 

observations are consistent with what has been previously shown in analysis of 

total HDL-C in other races.  We found a significant interaction between genotype 

and diabetic status only for CETP Taq1B, PON1 L55M and PCSK9 A443T 

genotype.  While our study provided some interesting results, more studies 

designed to elucidate the relationship between diabetes and genetic variations 

influencing lipoprotein distribution are necessary, especially in the African 

American population.   

 

Future Studies 

 Precision medicine incorporates patient specific factors to improve care.  

While there is a growing body of evidence supporting precision medicine in 

Caucasian patients, there is a scarcity of literature supporting precision medicine 

in African Americans.  Better understanding and awareness of the disparities of 

CVD risk factors by race and ethnicity may help clinicians and health 

professionals to identify individuals at risk and perhaps develop appropriate 

pharmacological interventions specifically targeted toward risk burdens in each of 

these populations.  While it is essential to understand these racial differences, 

one of the biggest challenges in human genetics is identifying polymorphisms, or 

variations, that present an increased risk of disease.  Complex diseases such as 
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CVD are likely due to the effects of the interactions among multiple genes, 

demographic and environmental factors, thus we need to consider the 

simultaneous the effects of genotype.  

 The objectives of future studies include the evaluation the relative 

influence of SNPs in the above genes and contrast significant associations with a 

population of Caucasian males and the development of CVD risk assessment 

according to single or combined genotypic effects informed by a racially diverse 

population.  Utilizing genotype associations with lipid-related levels found in 

African Americans and Caucasians will potentially aid in predicting CVD risk in a 

diverse patient population.  In order to address this, we will utilize a multifactor 

dimensionality reduction (MDR) to help develop predictor for risk. The MDR 

method will pool genotypes into 'high-risk' and 'low-risk' improving the ability to 

detect genetic combinations that confer disease risk. Determination of risk factors 

associated with CVD is needed to allow individuals, particularly African American 

men, with identifiable risk factors to receive appropriate education, testing, and 

follow-up. In addition to being clinically relevant this information could enhance 

our understanding of the genetic mechanisms underlying disease and result in 

the development of novel therapies for CVD. 
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Personal Perspectives 

 Unsurprisingly, all medical and pharmacological research aims at 

improving health. Improved prevention of CVD is likely to be among the most 

important areas for improving future health both in the general population and in 

the individual patient, due to the harsh consequences of CVD manifestations, for 

example MI and stroke. Our research centers on genetic aspects of CVD 

prevention, which is one of various areas that could lead to major improvements 

in CVD prevention and consequently reduce disease burden.  There is hope for 

“bench-to-bedside” value, the translation of genetic findings from research into 

clinical, personal, and pharmaceutical utility.  

 Despite having a higher burden of CVD, African American patients do not 

receive adequate treatment due numerous reasons.  The key to better treatment 

of CVD in this population is not only treatment, but also recognition and 

management of risk factors.  It seems practical to considerer new genetic 

findings, such as those in this dissertation, as additional pieces that are needed 

to help solve the complicated CVD genetics puzzle. In addition, genetic 

prediction models for CVD should also target low to intermediate risk subjects at 

aims of more preventative measures rather than just in high risk subjects in 

whom conventionally have the most severe manifestations and are very difficult 

to treat.  

 Preventing CVD should be a priority, with efforts directed towards 

detecting and modifying risk factors early, aggressive treatment and identifying 

confounding comorbidities, such as diabetes.  Abnormalities in lipids and 
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lipoproteins are considered as the fundamental causation promoting 

atherosclerosis in humans.  It would be interesting to examine, in future studies, 

LDL and HDL particles in association with the above genotypes in a larger 

population of African Americans, both men and women, with and without 

diabetes.  Targeting these particular genes, as well as many known and 

unknown, may serve as promising interventions for all dyslipidemic individuals, 

with and without T2DM.  Understanding the influence co-morbidities may have in 

the presence of genetic variations will facilitate the design of innovative 

therapeutic strategies for the management of dyslipidemia and the prevention of 

morbid cardiovascular events via early detection of CVD risk. 
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Table A1.  Baseline characteristics and clinical indicators of CVD risk, stratified according to CETP Taq1B genotype and 
diabetic status 

  
 

 
Non DM (n=50) T2DM (n= 54) Whole Cohort (n= 104) 

 
B1B1 
(n=34) 

B1B2 & B2B2 
(n=16) P# B1B1 

(n= 36) 
B1B2 & B2B2       

(n= 18) P# Genotype 
Effect# 

Genotype*Diabetic 
Effect~ 

 
Age (years) 43.4 + 13.5 45.2 + 12.5 0.659 53.2 + 6.4 50.3 + 10.1 0.201 0.816 0.271 

Height (in) 69.1 + 2.8 69.8 + 1.4 0.291 70.5 + 2.8 69.2 + 2.1 0.087 0.524 0.028 

BMI (kg/m2) 29.7 + 7.8 30.5 + 7.1 0.700 30.2 + 7.4 27.2 + 5.6 0.133 0.439 0.231 

Hip to Waist Ratio 1.0 + 0.3 1.0 + 0.1 0.811 1.1 + 0.1 0.9 + 0.4 0.088 0.163 0.065 

SBP (mmHG) 136.5 + 21.8 145.4 + 22.7 0.187 140.6 + 24.3 137.9 + 21.1 0.691 0.548 0.270 

HbA1C (%) 5.5 + 0.4 5.78 + 0.5 0.061 8.8 + 2.6 8.1 + 2.8 0.375 0.671 0.258 

FBG (mmol/L) 85.6 + 12.0 77.8 + 25.1 0.256 176.0 + 88.8 130.6 + 70.1 0.065 0.061 0.178 

TC (mmol/L) 161.8 + 29.9 153.7 + 47.6 0.538 186.9 + 43.8 174.5 + 41.0 0.321 0.249 0.860 

LDL (mmol/L) 90.4 + 23.2 88.6 + 32.8 0.846 109.7 + 43.2 95.4 + 31.1 0.217 0.265 0.448 

HDL(mmol/L) 53.8 + 21.7 45.8 + 21.15 0.202 49.9 + 17.7 51.61 + 27.0 0.776 0.505 0.268 

TG (mmol/L) 88.1 + 58.3 96.6 + 95.3 0.699 136.8 + 81.7 137.5 + 89.9 0.977 0.765 0.779 
 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, glycated hemoglobin A1c; FBG, fasting blood glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total 
cholesterol; LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
# p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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Table A2.  Baseline characteristics and clinical indicators of CVD risk, stratified according to CETP I405V genotype and 
diabetic status 

  
 

 
Non DM (n=50) T2DM (n= 54) Whole Cohort (n= 104) 

 

II 
 (n=20) 

II & IV  
(n=30) P# II 

(n= 17) 
IV & VV      
  (n= 37) P# Genotype 

Effect# 
Genotype*Diabetic 

Effect~ 

 
Age (years) 46.3 + 13.1 42.5 + 13.1 0.321 53.0 + 6.5 51.9 + 8.4 0.626 0.471 0.827 

Height (in) 70.3 + 2.0 68.7 + 2.5 0.024 70.5 + 3.0 69.9 + 2.5 0.403 0.046 0.401 

BMI (kg/m2) 28.4 + 7.1 30.9 + 7.7 0.254 29.8 + 7.1 29.0 + 6.9 0.734 0.585 0.327 

Hip to Waist Ratio 1.0 + 0.3 1.0 + 0.2 0.683 1.0 + 0.3 1.0 + 0.3 0.801 0.901 0.706 

SBP (mmHG) 141.3 + 25.0 42.5 + 13.2 0.625 137.7 + 21.7 140.6 + 24.0 0.665 0.980 0.459 

HbA1C (%) 5.7 + 0.4 5.6 + 0.5 0.424 9.5 + 3.0 8.2 + 2.4 0.084 0.346 0.109 

FBG (mmol/L) 79.7 + 20.8 85.4 + 14.7 0.260 202.6 + 103.2 103.2 + 69.1 0.013 0.254 0.011 

TC (mmol/L) 149.3 + 40.4 165.5 + 32.3 0.133 188.7 + 50.4 180.1 + 39.5 0.501 0.487 0.198 

LDL (mmol/L) 84.7 + 27.4 93.2 + 25.4 0.269 108.1 + 48.0 103.5 + 36.1 0.730 0.631 0.434 

HDL(mmol/L) 45.8 + 18.0 54.9 + 21.6 0.126 51.2 + 17.7 50.1 + 22.6 0.854 0.355 0.216 

TG (mmol/L) 96.3 + 85.9 87.2 + 61.1 0.664 146.8 + 103.3 132.6 + 74.1 0.567 0.666 0.929 
 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, glycated hemoglobin A1c; FBG, fasting blood glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total 
cholesterol; LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
# P-value level from independent T-test 
~ P-value level from 2-way ANOVA 
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Table A3.  Baseline characteristics and clinical indicators of CVD risk, stratified according to PON1 Q192R genotype and 
diabetic status 

  
  

Non DM (n=47) T2DM (n= 53) Whole Cohort (n= 100) 

 
QQ 

 (n=5) 
QR & RR  

(n=42) P# QQ 
(n= 5) 

QQ & QR       
(n= 49) P# Genotype 

Effect# 
Genotype*Diabetic 

Effect~ 

 
Age (years) 37.2 + 12.4 44.2 + 12.8 0.250 51.0 + 9.5 52.4 + 7.8 0.718 0.233 0.309 

Height (in) 68.4 + 1.7 69.3 + 2.5 0.425 71.1 + 2.6 70.0 + 2.7 0.396 0.962 0.242 

BMI (kg/m2) 35.2 + 9.4 29.2 + 6.7 0.075 26.3 + 2.9 29.5 + 7.2 0.329 0.554 0.047 

Hip to Waist Ratio 1.0 + 0.2 1.0 + 0.3 0.885 1.1 + 0.1 1.0 + 0.3 0.472 0.527 0.654 

SBP (mmHG) 131.6 + 22.3 139.1 + 22.6 0.485 134.6 + 19.3 140.2 + 23.6 0.611 0.386 0.938 

HbA1C (%) 5.7 + 0.7 5.6 + 0.4 0.660 9.2 + 3.9 8.6 + 2.6 0.633 0.747 0.691 

FBG (mmol/L) 82.2 + 8.9 82.2 + 18.0 0.996 200.6 + 120.3 156.8 + 81.5 0.278 0.446 0.330 

TC (mmol/L) 139.2 + 23.1 162.4 + 37.4 0.185 191.2 + 48.3 181.9 + 42.8 0.649 0.581 0.266 

LDL (mmol/L) 80.0 + 14.1 91.0 + 27.4 0.384 116.2 + 54.2 103.8 + 38.7 0.512 0.985 0.344 

HDL(mmol/L) 42.4 + 7.1 53.0 + 21.9 0.294 51.8 + 23.4 50.3 + 21.0 0.881 0.528 0.387 

TG (mmol/L) 84.0 + 57.4 92.1 + 75.7 0.818 116.0 + 52.4 139.2 + 86.3 0.560 0.525 0.692 
 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, glycated hemoglobin A1c; FBG, fasting blood glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total 
cholesterol; LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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Table A4.  Baseline characteristics and clinical indicators of CVD risk, stratified according to PON1 L55M genotype and diabetic 
status 

  
 

 
Non DM (n=48) T2DM (n= 50) Whole Cohort (n= 98) 

 
LL 

 (n=38) 
LM & MM 

 (n=10) P# LL 
(n= 41) 

LM  & MM 
(n= 9) P# Genotype 

Effect# 
Genotype*Diabetic 

Effect~ 

 
Age (years) 44.3 + 13.1 40.3 + 13.3 0.399 51.8 + 8.7 54.7 + 4.2 0.336 0.727 0.127 

Height (in) 69.4 + 2.6 68.9 + 1.7 0.545 70.1 + 2.8 70.7 + 1.9 0.540 0.980 0.379 

BMI (kg/m2) 29.5 + 7.2 31.5 + 9.0 0.464 29.0 + 5.1 29.0 + 8.8 0.993 0.534 0.532 

Hip to Waist Ratio 1.0 + 0.3 1.0 + 0.2 0.458 1.1 + 0.1 1.1 + 0.1 0.937 0.518 0.494 

SBP (mmHG) 139.2 + 20.6 133.6 + 21.6 0.449 141.3 + 24.9 131.6 + 17.7 0.273 0.179 0.666 

HbA1C (%) 5.6 + 0.4 5.6 + 0.5 0.872 8.8 + 2.9 8.2 + 1.7 0.543 0.546 0.531 

FBG (mmol/L) 83.1 + 19.2 84.0 + 10.9 0.886 158.5 + 85.8 164.2 + 91.8 0.859 0.990 0.941 

TC (mmol/L) 158.6 + 37.5 155.3 + 33.2 0.804 185.2 + 44.8 169.6 + 35.4 0.331 0.334 0.461 

LDL (mmol/L) 89.3 + 26.3 86.2 + 26.8 0.743 107.2 + 40.3 91.4 + 35.9 0.284 0.262 0.405 

HDL(mmol/L) 50.2 + 18.2 55.6 + 28.2 0.459 51.2 + 21.9 50.0 + 21.1 0.884 0.701 0.546 

TG (mmol/L) 95.5 + 77.2 67.5 + 44.7 0.279 134.3 + 84.0 142.8 + 82.7 0.784 0.549 0.465 
 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, glycated hemoglobin A1c; FBG, fasting blood glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total cholesterol; 
LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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Table A5.  Baseline characteristics and clinical indicators of CVD risk, stratified according to ADIPOQ  g.18613C>T  
genotype and diabetic status 

  
  

Non DM (n=49) T2DM (n= 52) Whole Cohort (n= 101) 

 
CC 

 (n=49) 
CT  

(n=0) P# CC 
(n=48) 

CT 
(n=4) P# Genotype 

Effect# 
Genotype*Diabetic 

Effect~ 

 
Age (years) 43.8 + 13.1 ---- ---- 52.7 + 7.9 51.3 + 3.3 0.719 0.606 ---- 

Height (in) 69.3 + 2.5 ---- ---- 70.0 + 2.8 71.5 + 1.3 0.297 0.165 ---- 

BMI (kg/m2) 29.9 + 7.6 ---- ---- 29.3 + 7.1 31.1 + 3.0 0.614 0.680 ---- 

Hip to Waist Ratio 1.0 + 0.3 ---- ---- 1.0 + 0.2 0.8 + 0.5 0.439 0.442 ---- 

SBP (mmHG) 139.4 + 22.5 ---- ---- 139.3 + 23.6 140.1 + 24.7 0.924 0.606 ---- 

HbA1C (%) 5.5 + 0.4 ---- ---- 8.8 + 2.7 6.4 + 0.7 0.083 0.923 ---- 

FBG (mmol/L) 82.5 + 127.1 ---- ---- 162.0 + 86.3 145.8 + 107.0 0.723 0.523 ---- 

TC (mmol/L) 159.2 + 36.6 ---- ---- 183.7 + 39.8 161.3 + 36.5 0.281 0.532 ---- 

LDL (mmol/L) 90.2 + 26.4 ---- ---- 105.7 + 38.3 84.8 + 48.2 0.307 0.621 ---- 

HDL(mmol/L) 51.1 + 20.7 ---- ---- 51.4 + 21.4 50.0 + 17.6 0.903 0.454 ---- 

TG (mmol/L) 89.7 + 71.6 ---- ---- 133.5 + 73.2 132.5 + 128.7 0.980 0.910 ---- 
 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, glycated hemoglobin A1c; FBG, fasting blood glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total 
cholesterol; LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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Table A6.  Baseline characteristics and clinical indicators of CVD risk, stratified according to APOE genotype and diabetic status 
  

 
 

Non DM (n=50) T2DM (n= 54) Whole Cohort (n= 104) 

 
E3/E3 
(n=38) 

All others 
(n=12) P# E3/E3 

 (n=43) 
All others 

(n=11) P# Genotype 
Effect# 

Genotype*Diabetic 
Effect~ 

 
Age (years) 44.2 + 13.4 43.2 + 12.6 0.808 52.7 + 7.7 50.2 + 8.3 0.339 0.411 0.981 

Height (in) 69.3 + 2.5 69.5 + 2.3 0.811 70.0 + 2.7 70.6 + 2.7 0.499 0.551 0.713 

BMI (kg/m2) 30.6 + 8.1 27.8 + 4.9 0.147 29.1 + 7.3 29.6 + 5.8 0.818 0.498 0.357 

Hip to Waist Ratio 1.1 + 0.1 0.9 + 0.4 0.050 1.0 + 0.2 1.0 + 0.3 0.662 0.238 0.293 

SBP (mmHG) 140.6 + 22.9 135.4 + 20.5 0.489 140.9 + 23.4 135.1 + 22.3 0.466 0.308 0.897 

HbA1C (%) 5.5 + 0.4 5.9 + 0.5 0.003 8.5 + 2.6 9.2 + 2.9 0.452 0.465 0.757 

FBG (mmol/L) 80.6 + 17.9 91.0 + 13.7 0.070 158.4 + 84.2 170.6 + 92.6 0.677 0.683 0.985 

TC (mmol/L) 159.8 + 38.7 157.33 + 27.9 0.840 187.1 + 41.0 165.9 + 48.2 0.146 0.190 0.255 

LDL (mmol/L) 91.4 + 29.6 84.6 + 10.1 0.438 109.1 + 38.6 88.7 + 42.4 0.132 0.059 0.341 

HDL(mmol/L) 50.4 + 20.9 54.0 + 20.0 0.601 50.5 + 21.4 50.1 + 20.4 0.951 0.736 0.717 

TG (mmol/L) 89.9 + 77.4 93.8 + 50.2 0.871 137.4 + 85.9 135.5 + 78.1 0.945 0.941 0.734 
 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, glycated hemoglobin A1c; FBG, fasting blood glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total cholesterol; 
LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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Table A7.  Baseline characteristics and clinical indicators of CVD risk, stratified according to NOX3  g.10788C>G genotype 
and diabetic status 

  
  

Non DM (n=50) T2DM (n= 53) Whole Cohort (n= 103) 

 
CC 

 (n=6) 
CG & GG 
 (n=44) P# CC 

 (n=3) 
CG & GG  

(n=50) P# Genotype 
Effect# 

Genotype*Diabetic 
Effect~ 

 
Age (years) 49.3 + 10.8 43.3 + 13.3 0.290 53.0 + 14.7 52.3 + 7.6 0.877 0.533 0.592 

Height (in) 67.8 + 2.2 69.5 + 2.4 0.113 71.3 + 4.0 70.0 + 2.6 0.417 0.387 0.115 

BMI (kg/m2) 36.0 + 7.4 29.1 + 7.2 0.035 37.6 + 11.4 28.9 + 6.3 0.031 0.002 0.750 

Hip to Waist Ratio 1.1 + 0.1 1.0 + 0.3 0.696 1.0 + 0.1 1.0 + 0.3 0.954 0.708 0.889 

SBP (mmHG) 140.7 + 32.4  139.2 + 21.0 0.878 134.3 + 44.8  139.6 + 22.1 0.705 0.914 0.665 

HbA1C (%) 5.8 + 0.5 5.6 + 0.4 0.250 8.7 + 1.5 8.6 + 2.7 0.929 0.666 0.966 

FBG (mmol/L) 83.0 + 20.3  83.1 + 17.3 0.991 181.3 + 45.8 159.4 + 88.0 0.672 0.761 0.672 

TC (mmol/L) 158.0 + 31.3  159.4 + 37.1 0.932 184.3 + 35.7 184.1 + 42.9 0.993 0.691 0.980 

LDL (mmol/L) 91.0 + 28.7 89.6 + 26.3 0.905 117.0 + 37.2 104.8 + 40.4 0.613 0.872 0.714 

HDL(mmol/L) 52.3 + 17.1 51.1 + 21.1 0.893 35.0 + 6.2 51.9 + 21.1 0.176 0.492 0.252 

TG (mmol/L) 73.3 + 60.2 93.2 + 73.0 0.528 161.7 + 41.6 136.9 + 85.8 0.624 0.632 0.507 
 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, glycated hemoglobin A1c; FBG, fasting blood glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total 
cholesterol; LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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Table A8.  Baseline characteristics and clinical indicators of CVD risk, stratified according to PCKS9 H533R genotype and 
diabetic status 

  
 

 
Non DM (n=50) T2DM (n= 54) Whole Cohort (n= 104) 

 
AA 

 (n=48) 
AG 

 (n=2) P# AA 
(n=54) 

AG 
(n=0) P# Genotype 

Effect# 
Genotype*Diabetic 

Effect~ 

 
Age (years) 44.2 + 12.6 40.0 + 29.7 0.876 52.2 + 7.8 ----- ----- 0.304 ----- 

Height (in) 69.3 + 2.4 69.5 + 3.5 0.912 70.1 + 2.7 ----- ----- 0.909 ----- 

BMI (kg/m2) 30.1 + 7.6 25.8 + 2.8 0.432 29.2 + 6.9 ----- ----- 0.458 ----- 

Hip to Waist Ratio 1.0 + 0.2 0.6 + 0.8 0.579 1.0 + 0.3 ----- ----- 0.015 ----- 

SBP (mmHG) 138.2 + 20.7 167.0 + 50.9 0.570 139.7 + 23.1 ----- ----- 0.083 ----- 

HbA1C (%) 5.6 + 0.4 5.7 + 0.1 0.894 8.6 + 2.7 ----- ----- 0.386 ----- 

FBG (mmol/L) 83.2 + 17.7 80.5 + 12.0 0.833 160.9 + 85.3 ----- ----- 0.407 ----- 

TC (mmol/L) 158.5 + 36.7 176.0 + 15.6 0.508 182.8 + 42.9 ----- ----- 0.876 ----- 

LDL (mmol/L) 
 
 
	
LDL (mmol/L) 

88.9 + 26.2 111.0 + 25.5 0.248 104.9 + 39.9 ----- ----- 0.585 ----- 

HDL(mmol/L) 51.6 + 20.6 44.0 + 24.0 0.615 50.4 + 21.0 ----- ----- 0.640 ----- 

TG (mmol/L) 90.2 + 72.0 105.00 + 70.7 0.777 137.0 + 83.6 ----- ----- 0.864 ----- 
 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, glycated hemoglobin A1c; FBG, fasting blood glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total cholesterol; 
LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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Table A9.  Baseline characteristics and clinical indicators of CVD risk, stratified according to PCKS9 A443T genotype and 
diabetic status 

  
 

 
Non DM (n=50) T2DM (n= 54) Whole Cohort (n= 104) 

 
GG 

 (n=46) 
AG 

 (n=4) P# GG 
(n=45) 

AG 
(n=9) P# Genotype 

Effect# 
Genotype*Diabetic 

Effect~ 

 
Age (years) 43.2 + 13.3 53.0 + 4.8 0.014 52.7 + 8.1 50.0 + 6.6 0.357 0.371 0.092 

Height (in) 69.3 + 2.5 70.0 + 2.2 0.559 70.2 + 2.7 69.4 + 2.5 0.436 0.892 0.367 

BMI (kg/m2) 30.3 + 7.6 26.3 + 5.2 0.315 29.2 + 7.4 29.1 + 4.5 0.981 0.491 0.429 

Hip to Waist Ratio 1.0 + 0.2 0.8 + 0.6 0.522 1.0 + 0.3 1.1 + 0.1 0.464 0.758 0.082 

SBP (mmHG) 140.5 + 22.5 125.8 + 15.0 0.206 140.2 + 24.0 137.0 + 19.6 0.707 0.310 0.465 

HbA1C (%) 5.6 + 0.4 5.8 + 0.4 0.360 8.5 + 2.7 9.0 + 2.5 0.665 0.179 0.853 

FBG (mmol/L) 83.5 + 16.0 78.0 + 33.2 0.549 161.9 + 87.2 155.7 + 79.5 0.843 0.666 0.941 

TC (mmol/L) 158.7 + 33.4 164.8 + 68.1 0.753 180.1 + 40.1 196.0 + 55.9 0.316 0.328 0.767 

LDL (mmol/L) 90.1 + 25.4 86.3 + 40.4 0.783 101.8 + 37.7 120.8 + 48.8 0.194 0.313 0.326 

HDL(mmol/L) 50.4 + 19.7 61.5 + 30.5 0.304 51.7 + 22.2 44.3 + 13.2 0.336 0.810 0.176 

TG (mmol/L) 91.3 + 72.5 85.0 + 65.2 0.867 133.4 + 76.9 155.0 + 115.7 0.486 0.377 0.666 
 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, glycated hemoglobin A1c; FBG, fasting blood glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total cholesterol; 
LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
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Table A10.  Baseline characteristics and clinical indicators of CVD risk, stratified 
according to PCKS9 R46L genotype and diabetic status 

  
  

Non DM (n=50) T2DM (n= 53) Whole Cohort (n= 103) 

 
GG 

 (n=50) P# GG 
(n=53) P# Genotype 

Effect# 
Genotype*Diabetic 

Effect~ 

 
Age (years) 43.9 + 13.1 ----- 52.3 + 7.9 ----- ----- ----- 

Height (in) 69.3 + 2.4 ----- 70.0 + 2.7 ----- ----- ----- 

BMI (kg/m2) 29.9 + 7.5 ----- 29.2 + 7.0 ----- ----- ----- 

Hip to Waist Ratio 1.0 + 0.2 ----- 1.0 + 0.2 ----- ----- ----- 

SBP (mmHG) 139.3 + 22.3 ----- 139.8 + 23.3 ----- ----- ----- 

HbA1C (%) 5.6 + 0.4 ----- 8.7 + 2.7 ----- ----- ----- 

FBG (mmol/L) 83.1 + 17.4 ----- 162.2 + 85.5 ----- ----- ----- 

TC (mmol/L) 159.2 + 36.2 ----- 182.8 + 42.9 ----- ----- ----- 

LDL (mmol/L) 89.8 + 26.3 ----- 104.7 + 40.0 ----- ----- ----- 

HDL(mmol/L) 51.3 + 20.6 ----- 50.3 + 21.3 ----- ----- ----- 

TG (mmol/L) 90.8 + 71.3 ----- 138.1 + 84.1 ----- ----- ----- 
 
* Data are means +/- SD, unless otherwise noted.  Abbreviations used: SBP, systolic blood pressure; HbA1C, glycated hemoglobin A1c; FBG, fasting blood 
glucose; BMI, body mass index; WHR, waist-to-hip ratio; TC, total cholesterol; LDL-C, low density lipoproprotein-cholesterol; HDL-C, high density lipoprotein-
cholesterol; TG, triglycerides; LP(a), lipoprotein a. 
^ Transformed data 
#  p-value level from independent t-test 
~  p-value level from 2-way ANOVA 
 


