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Summary 

Motivation 

Evidence linking the onset of vascular calcification via abnormal mineral metabolism 

as contributor to the development of cardiovascular disease (CVD) warrants exploring. 

Vascular calcification is linked to disease states including chronic kidney disease, 

hypertension and type 2 diabetes mellitus, especially in older populations, while less 

is known about the potential links of cardiac and arterial structure and function with 

markers related to vascular calcification in young black and white individuals with no 

apparent CVD. 

Aim 

To explore whether associations of left ventricular relative wall thickness and systolic 

function exists with biomarkers related to vascular calcification in young South 

Africans. 

Methodology 

This study formed part of the larger African prospective study on early detection and 

identification of cardiovascular disease and hypertension (African-PREDICT). Cross-

sectional data of the first 400 participants which included black (n=160) and white 

(n=175) men and women after exclusion. Participants who presented with missing 

variables of interest were excluded from this study. This study obtained the appropriate 

ethical approval from the Health Research Ethics Committee of the North-West 

University (NWU-00048-17-S1). Anthropometric measures included body height, 

weight and waist circumference. Body mass index as well as body surface area were 

additionally calculated. Blood pressure was measured on the left arm in duplicate 

whilst participants remained in a rested seating position. The General Electric Vivid E9 

device (GE Vingmed Ultrasound A/S; Hearten, Norway) and a 3-lead ECG was used 

to determine relative wall thickness. Stroke volume was determined and normalised 

for height in the power of 2.04 as the stroke volume index. By multiplying the stroke 

volume with heart rate, cardiac index was obtained. Additionally, fractional shortening 

as well as left ventricular ejection fraction was furthermore determined. We performed 

biochemical analyses which included a lipid profile (triglycerides, high density 

lipoprotein cholesterol, low density lipoprotein cholesterol and total cholesterol), 
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gamma glutamyl-transferase, cotinine, high sensitivity C-reactive protein, creatinine, 

alkaline phosphatase, and calcium. The ratio of total cholesterol to high density 

lipoprotein cholesterol was additionally calculated. Glutathione peroxidase, a marker 

of oxidative stress was determined in whole blood and one of the measurable, reactive 

oxygen species (serum peroxides) was determined in serum. We performed 

independent T-tests and Chi-square tests to compare means and proportions. Single 

and multiple regression analyses were performed to investigate the associations of 

cardiac structure (relative wall thickness) and function (ejection fraction, fractional 

shortening, systolic index and cardiac index) with markers of vascular calcification 

(alkaline phosphatase and calcium). 

Results 

When comparing the black and white groups, we found that the black group presented 

with higher blood pressure measures, relative wall thickness as well as alkaline 

phosphatase (all p≤0.001). In single and multivariate regression analyses, after 

adjusting for age, sex and body mass index (stroke index additionally adjusted for 

waist circumference), positive associations of relative wall thickness and alkaline 

phosphatase existed in the black group only (adj. R²=0.030; β=0.176; p=0.037). 

Ejection fraction (adj. R²=0.083; β=–0.208; p=0.015) and fractional shortening (adj. 

R²=0.103; β=–0.195; p=0.021) associated inversely with alkaline phosphatase in the 

white group. Cardiac index associated inversely with calcium in both the black (adj. 

R²=0.096; β=–0.181; p=0.031) and white (adj. R²=0.403; β=–0.141; p=0.021) groups. 

Stroke index associated inversely with calcium in the black (adj. R²=0.165; β=–0.161; 

p=0.046) and white (adj. R²=0.353; β=–0.147; p=0.019) groups as well as alkaline 

phosphatase (adj. R²=0.354; β=–0.172; p=0.016) in the white group only. 

Conclusion 

Our results indicate that in young apparently healthy populations, cardiac structure 

(relative wall thickness) and function (systolic function markers) associated with 

markers of vascular calcification (alkaline phosphatase and calcium). Thus, an altered 

mineral metabolism may contribute to early vascular calcification manifestations and 

promote premature cardiac compromise. The different associations seen in the black 

versus the white group may suggest different mechanisms at play for the onset of 
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vascular calcification in younger participants. These findings need to be confirmed in 

larger prospective studies. 

Key Words: Alkaline phosphatase, calcium, cardiovascular disease, ethnicity, 

mineralisation, vascular calcification. 
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1.1 Introduction 

There is undoubtedly an abundance of factors leading to cardiovascular morbidity and 

mortality, including vascular calcification.1 Over several decades, the presence of 

vascular calcification namely ectopic calcification in the vasculature was seen as a 

passive degeneration of the inevitable aging process.1,2 Upon recent evidence, the 

competition between factors promoting vascular calcification and the inhibition of the 

mineralisation process were highlighted as the potential mechanisms initiating 

pathogenesis.1 

Black South Africans are subjected to early vascular alterations within the vasculature 

therefore increasing their susceptibility for blood vessel stiffening and resultant cardiac 

damage.3 Several markers such as alkaline phosphatase and circulating calcium were 

associated with vascular calcification.4-7 The interactions of cardiovascular structure 

and function with markers of vascular calcification will be discussed in detail in this 

literature review. 

1.2 Cardiovascular structure and function 

The functional role of the cardiovascular system is to maintain cellular homeostasis 

via the delivery of sufficient blood supply at a high pressure and constant flow to the 

peripherals.8,9 The various anatomical regions serve the left ventricle and tissues that 

are in need of blood. These regions include: (i) large elastic arteries such as the carotid 

and aorta; (ii) muscular arteries such as femoral and brachial and; (iii) arterioles.8,10,11 

The vascular wall consists of three concentric zones as depicted in Figure 1, namely: 

tunicas intima, media and adventitia of which each layer consists of specialised cells 

that function interactively to maintain adequate blood distribution.8,12 The artery 

consists of two predominant supporting proteins (collagen and elastin) as well as 

smooth muscle tissue.13 The thick muscular layer within the artery allows for the 

transportation of blood ejected from the cardiac muscle.14 In the event where there is 

a reduction in elastin production, an increase in collagen and calcium deposits is 

inevitable.15 This tends to lead to an increase in the intima media thickness which 

could be characterised with the development of several cardiac diseases.15 
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Figure 1. Cross sectional schematic view of the vascular wall (tunica intima, 
tunica media and tunica adventitia respectively). The vascular wall consists of three 
functional layers. The first layer (A) consists of the innermost endothelial layer and small 
amounts of connective tissue located just below the endothelium. The second layer (B) 
composed mainly of smooth muscle cells and elastin-rich extracellular matrix. The third layer 
(C) is largely comprised of collagen fibres yet fewer elastin fibres.10 

 

The haemodynamic demands of the cardiovascular system requires the storage of 

energy in its elastance within the aorta during systole and its release during diastole.16 

This known as the Windkessel model which aims to minimize cardiac workload as 

reflected in the high density of elastin in the arch.16 Energy stored within the aorta is 

lost due to an increase in arterial stiffness, as seen within calcified arteries.16 This 

tends to result in thoracic summation which causes overall detrimental effects such as 

increased systolic and pulse pressures.16 This leads to an elevation in cardiac 

workload, aiding in heart failure, diastolic dysfunction and left ventricular 

hypertrophy.16 

With age, the elastic lamellae is subjected to a disruption and fragmentation as well 

as there is an alteration in the collagen-to-elastin ratio within the central arteries.17 This 

deterioration is therefore accelerated by the presence of several cardiovascular 

compromises such as diabetes mellitus, chronic kidney disease as well as the most 

reported compromise, hypertension.10,18 Vascular calcification can therefore occur in 

either the tunica intima, the tunica media or alternatively occurring in both layers 

simultaneously.18 
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1.3 Vascular calcification 

1.3.1 Pathophysiological mechanisms 

The deposition of the calcium phosphate mineral, namely hydroxyapatite in 

cardiovascular tissues is termed vascular calcification.19 For half a century, vascular 

calcification has been associated with a poor prognosis as a result of vascular 

disease.2 The pathogenesis of calcification is characterised by the synthesis of 

densely structured bone modelling and physicochemical accumulation of minerals 

without cellular involvement.20 Recent laboratory and clinical results revealed an 

increase in the recognition that vascular calcification is an active, regulated process 

which may be treatable and preventable.21,22 Vascular calcification and accompanied 

stiffness progress with the aging process.23 However, the onset to vascular 

calcification may arise due to cardiovascular injury, disease or genetic deficiency that 

favours heterotopic mineral deposition.23 

The two most important arterial complications leading to cardiovascular events are 

intimal and medial calcification.24 Intimal calcification is a fundamental part of 

atherosclerotic plaque development and serves as a strong predictor for the 

development of cardiovascular disease (CVD).25,26 Intimal calcification is a 

disorganised process including vascular smooth muscle cells, connective tissue, 

oxidised lipids and macrophages.27 On the contrary, medial calcification can be seen 

as an organised mineral deposition seen along the elastic lamellae including vascular 

smooth muscle cells and elastin fibres.27 Medial calcification is normally seen in the 

elderly as well as in individuals with chronic renal failure and diabetes mellitus.15 It is 

therefore of importance that the pathophysiology of vascular calcification is elucidated 

to assess potential contributing factors and clinical implications thereof, especially 

since medial calcification is known to reduce arterial compliance.28 

Furthermore, evidence supports that vascular calcification is a process similar to 

mineralisation in bone tissue.23 Contractile cells such as vascular smooth muscle cells 

are located on the medial layer of the vascular wall.29 Once triggered, these cells trans-

differentiate into calcified vascular cells which no longer exhibit the phenotypic 

attributes responsible for normal smooth muscle cell contractility.29 These cells can 

undergo further physiological alterations resulting in the cell entering a synthesis state 

with copious extracellular matrix protein production followed by mediated calcification 
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of the matrix vesicle.29,30 Pathological calcification can be seen as an analogue to bone 

mineralisation as both processes are characterised by vascular smooth muscle cells 

entering an osteoblast-like differentiated state.29 Osteoblast-like cells are proficient in 

the production of bone matrix proteins such as type I collagen and osteopontin which 

may regulate the mineralisation process.31 This in turn initiates an increase in calcium 

and phosphorus production which accelerates the process of calcification leading to 

stiffening of the vessel.32 

Dysfunctional vascular smooth muscle cells facilitate the mechanisms that are 

involved in the pathogenesis of vascular calcification.16 The precise mechanism to 

which the vascular smooth muscle cells calcify is incompletely characterised. 

However, several studies have suggested that only certain pools of vascular smooth 

muscle cells have osteogenic potential.33,34 Vascular calcification may arise either due 

to reduced inhibition of mineralisation; a lack of certain matrix proteins (matrix GLA 

protein) or; collagen type I pyrophosphate expression (alkaline phosphatase).20,35,36 

1.4 Factors involved in calcification  

Over the past decade, accumulating evidence points to the eminent role of increased 

alkaline phosphatase and calcium influx in the pathogenesis of CVD.37,38 

1.4.1 Alkaline phosphatase 

Alkaline phosphatase has become an emerging marker of cardiovascular risk amongst 

the general population.39 Alkaline phosphatase is present in most human tissues and 

is known to catalyse potent inhibitors thus prompting calcification.23,40 Serum alkaline 

phosphatase has shown to be a foretelling indicator for cardiovascular events in 

individuals with renal disease.41, 42 Additionally, elevated alkaline phosphatase levels 

have shown an association with cardiovascular events in individuals with normal 

kidney function.41,42 

In addition to assessing bone health, recent evidence suggests that alkaline 

phosphatase may also have value for predicting CVD outcomes.43 Several prospective 

studies have proven that elevated alkaline phosphatase is independently associated 

with the presence of cardiac disease.4,44,45 The mechanism to which alkaline 
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phosphatase induces CVD is not quite clear. It is, however, possible that higher 

alkaline phosphatase may be linked to the development of vascular calcification.46,47 

This could either occur directly through the hydrolysis of potent calcification inhibitors 

or indirectly as a replacement marker for other mediators of vascular calcification such 

as insufficient vitamin D metabolism.46,47 

Alkaline phosphatase has been associated with several inflammatory markers.39 It is 

considered an inflammatory mediator due to the direct and significant association 

alkaline phosphatase displayed with C-reactive protein. This is possibly due to the 

potential common biological pathways they may share.39 

1.4.2 Calcium 

Several factors actively regulate serum calcium levels such as parathyroid hormone, 

alkaline phosphatase and vitamin D.48 The parathyroid glands control the calcium 

levels in the blood to support healthy bone and mineral homeostasis.49 An expected 

heightened level of calcium may decrease circulating parathyroid hormone levels thus 

reducing the risk of CVD development.50 The effects of calcium on the presence of 

vascular disease still warrants thorough investigation. However, with the process of 

calcification, a dysregulation of calcium is observed.51 

A number of factors seem to actively control urinary excretion of calcium via the 

stabilisation of constant circulating calcium at normal concentrations. This is achieved 

by balancing the deposition of bone calcium with gastrointestinal absorption.51 Via the 

increase of parathyroid hormone secretion of which may be a result of insufficient 

vitamin D, a decrease in circulating calcium and phosphorus is inevitable.52 This will 

however, cause calcium reabsorption within the kidney to facilitate the conversion of 

vitamin D into its active form as well as to initiate bone reabsorption in order to increase 

serum calcium back to a normal concentration.53 

Cardiovascular risk stratification via a primary risk evaluation is the key step towards 

the goal of reducing cardiovascular mortality.54 Due to traditional risk factor 

assessments displaying poorly to sensitivity to predict CVD outcomes as well as 

coronary heart disease presenting in asymptomatic patients, there is a constant need 

to improve risk stratification measures.54 The National Cholesterol Education Program 
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has set aside specific guidelines to classify patients into different categorical groups 

based upon the presence of risk factors.54 Intermediate-risk groups may be further 

stratified based on the presence of coronary artery calcium.54 Coronary artery calcium 

plays a role in the development of coronary artery disease, occurs extensively in 

atherosclerotic coronary artery disease and is found completely absent in normal 

arteries.55 Although numerous risk scores predict cardiovascular outcomes 

moderately well, there has been exploration for a better risk factor. This can therefore 

be accomplished using coronary artery calcium scoring.54 Numerous studies have 

highlighted the prognostic value of coronary artery calcium score leading to a great 

deal of interest in this particular scoring stratification.56-59 Therefore, coronary artery 

calcium scoring may be a valuable non-invasive imaging modality for cardiovascular 

risk stratification in asymptomatic individuals.54 

1.4.3 Other factors 

Parathyroid hormone is secreted or its release inhibited continuously to regulate bone 

and mineral metabolism to stimulate the conversion of vitamin D into its active form.6 

However, several studies have emphasized parathyroid hormone not only functioning 

as a biomarker of vitamin D status but as an independent cardiovascular risk factor.6,38 

Increased left ventricular mass, a strong independent cardiovascular mortality 

predictor has been observed in several individuals with primary hyperparathyroidism.60 

Similarly, diastolic dysfunction is considered a CVD predictor.60 Myocardial infarction, 

stroke or even cardiac death are all attributable to mitral annular calcification which is 

clearly demonstrated in almost all primary hyperparathyroidism individuals.60 

Therefore, abnormal parathyroid hormone exerts unwanted effects on the 

cardiovascular system leading to an overall greater left ventricular mass thus 

escalating the susceptibility of an individual to disease development.38 

Recent studies have shown that vitamin D deficiency has become a global health 

concern.62,64,65,66 Vitamin D insufficiency is a common finding amongst individuals with 

confirmed heart failure.66 Evidence points to the level of vitamin D being inversely 

related to blood pressure and the risk of hypertension development.68,69 Low 

circulating vitamin D has been associated with increased renin-angiotensin-

aldosterone activity resulting in arterial hypertension and myocardial hypertrophy.67 
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Animal studies provide strong support for down-regulatory effects of vitamin D on renin 

expression and the renin-angiotensin-aldosterone system activity via its interaction 

with the vitamin D receptor.70 Vitamin D hinders various aspects of inflammation 

leading to the onset of intimal and medial calcification.24 Inflammatory signals aid in 

the presence of low circulating vitamin D.67 

1.5 Pathogenesis of cardiovascular disease 

An epidemiological study revealed that large artery damage is the foremost 

contributory factor to the high cardiovascular mortality rate we see today.71 The most 

widespread complication is arterial occlusion and/or stiffness which is caused by an 

increase in calcium and extensive calcification.72,73 In the general populations as well 

as in individuals with some form of renal disease, the presence of arterial calcification 

is an independent predictive consequence of CVD.74 

A symptomatic CVD event generally occurs either through a flow-limiting disease that 

causes ischemia or through the formation of a thrombus on the existing atherosclerotic 

plaque as a result of rupture.75 Although not everyone who has underlying plaque 

experiences a CVD event, prevention of cardiac morbidity and mortality lies in the 

detection and quantification of the presence of vascular disease.76,77 

1.5.1 Atherosclerosis 

Nearly 100 years ago, fatty degeneration and vessel stiffening was termed 

atherosclerosis.78 Atherosclerosis is a disease affecting medium and large-sized 

arteries characterised by inflammatory changes.79-81 Atherosclerosis is the most 

imperative cause of CVD as seen in myocardial infarction, arterial aneurysm, stroke 

and heart failure.80,81 It can also be classified as the leading cause of chronic renal 

failure.80,81 

Atherosclerotic development is caused by a combination of various genetic, 

environmental and other factors.82 However, the aetiological factors resulting in 

atherosclerosis are not completely understood. Accumulation of lipid-laden foam cells 

within the intima layer of the artery is a representation of the fatty streak that is the 

earliest observable lesion of atherosclerosis.79 Progressively, the fatty streak 
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advances into fibrous plaque (Figure 2), the hallmark of traditional atherosclerotic 

development.79 This plaque can, however, evolve to such an extent to which it contains 

large amounts of lipids that over time become unstable, cause denudation of the 

endothelium and rupture.79 Plaque rupture may result in thrombotic occlusion of the 

artery.79 

 

Figure 2. Normal (A) versus atherosclerotic endothelium (B). Atherosclerosis is 

characterised by the co-occurrence of fatty degeneration and stiffening of the arterial wall.71 

Atherosclerotic lesions consist of several components: firstly, smooth muscle cells and 

macrophages; secondly, connective tissue matrix and extracellular lipids and thirdly, 

intracellular lipids that eventually cluster within the macrophages until they are 

converted into foam cells.79 Atherosclerotic lesions develop as a result of various 

factors such as: inflammatory stimulus, various cytokines, smooth muscle cell 

proliferation, connective tissue matrix synthesis or the build-up of lipid and 

macrophages.79 

In its early stages, atherosclerosis is characterised by endothelial dysfunction.79 This 

process is likely to have been initiated by unfavourable serum lipid profiles to which 

the endothelial cells respond via the increase in adhesion molecule frequency.79 It is 

now widely accepted that the development of atherothrombosis is largely mediated by 

an inflammatory cascade.83 Given the importance of this inflammatory cascade, the 

pathogenesis of atherosclerosis has profound clinical interest with focus directed on 

the presence of risk markers, one such predominant marker is C-reactive protein.79 C-

reactive protein levels remain an independent predictor for peripheral artery disease 

as well as atherosclerosis.84 
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There have been some contradictory findings when it comes to the presence of 

vascular calcification and its effects on atherosclerotic plaque development. Some 

findings propose that the presence of calcification employs more of a biochemical 

stress on the newly formed plaque which is the predisposing factor leading to plaque 

rupture.86 Alternate studies indicate that calcification could in fact exert potentially 

beneficial effects suggesting a protective mechanism that ultimately provides plaque 

stability and with time, decreases the risk of plaque rupture.86 Some findings have also 

suggested that the dispersal of calcium within the vascular wall could be the 

determinant for plaque rupturing.75,87 

The degeneration and stiffening of the medial layer within the vascular wall results 

from the vascular smooth muscle cell degradation partly as a result of the aging 

process.74 Elastic fibres also decrease due to degeneration; however, collagen fibres 

tend to increase in this instance.88,89 

1.5.2 Arterial Stiffness  

The decrease in the contraction and expansion ability of the artery in response to a 

change in pressure is termed arterial stiffness.90 Arterial stiffness has been known to 

run concurrently with several cardiovascular related diseases as well as for its 

implications in cardiac performance, arterial pressure and flow dynamics.91 Stiffening 

of the artery results in a rise in the workload of the left ventricle due to an increased 

systolic blood pressure as well as the development of left ventricular hypertrophy due 

to a reduction in diastolic blood pressure.92 

Several histological changes occur due to an increase in arterial stiffness. With an 

increase in arteriole pressure, a rise in transmural pressure is inevitable.93 This results 

in the large artery elastic lamellae to stretch and therefore stiffen.93 Due to the differing 

proportions of the collagen-to-elastin ratio as well as the vascular smooth muscle cells 

responsibility for varying responses, central elastic arteries are more likely to undergo 

stiffening with age compared to muscular arteries.94-96 Therefore, the presence of 

arterial stiffness can be considered an inevitable consequence of the aging process; 

however, the magnitude to which arterial stiffness presents itself could be relevant to 

the presence and extent of various cardiac complications.13 
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1.5.2.1 Intima media thickness 

The carotid artery is an elastic artery to which an increase in carotid intima media 

thickness is most often observed.97 This could be representative to intima layer 

thickening.97 Although intimal thickening is known to progress with age, thickening of 

this layer could be a result from hyperplasia.75,98 On the other hand, the media layer 

may undergo thickening within itself which is attributable to the aging process.99 

However, these changes could be a result of separation within the elastin network 

rather than increased production of cells.99 

Previous findings from the prospective Rotterdam Study reported that the presence of 

carotid plaques, aortic calcium and an increased thickness of the intima media layer 

predicted the prevalence of myocardial infarction.102 More recently, it has been shown 

that carotid wall thickness is considered more of a delicate measure to the histological 

changes within the carotid arteries when compared to carotid intima media thickness.98 

Carotid intima media thickness is still seen as a marker of atherosclerosis and a 

predictor for atherosclerotic plaque build-up.101,102 

Oxidative stress, inflammation and an elevated lipid profile have all been associated 

with carotid intima media thickening.102-105 Schutte et al., reported reduced blood 

glutathione levels associated with increased carotid intima medial thickening in 

hypertenives.104 The increased thickening may be as a result of a decrease in 

antioxidant capacity.106 Inflammation is also linked to carotid intima media thickening, 

the process of atherosclerosis including vascular calcification. In this regard, 

inflammation is a key aspect for atherosclerotic plaque rupture.107 

Hyperlipidemia and hypercholesterolemia are two conditions associated with intima 

medial thickening as seen in a general healthy ethnically diverse population.108 

Heightened triglycerides together with a low density to high density lipoprotein 

cholesterol ratio are strong precursors of advanced carotid intima media thickening.103 

Both in vitro and in vivo studies have shown that oxidised lipids facilitate the 

mineralisation process of vascular cells and inhibit mineralisation of bone cells.109 Low 

density lipoproteins have shown to correlate with the progression in both coronary and 

aortic valve calcification as low density lipoproteins gather within the calcified aortic 

valve.107 



 

12 | P a g e  
 

1.5.3 Cardiac Remodelling 

The risk of resultant mortality due to the presence of cardiovascular events either 

infarction, heart failure or even stroke gradually increases with the presence of either 

concentric remodelling, concentric hypertrophy or even eccentric hypertrophy.111 This 

increased risk is therefore associated with relative wall thickness.111 

1.5.3.1 Relative wall thickness 

Measurements of left ventricular mass have been widely recognised for the use in 

assessing resultant cardiac organ injury.111 However, cardiac injury may already be 

present in individuals with a normal left ventricular mass.111 Thus, concentric 

remodelling is prominently detected by an abnormal relative wall thickness. Alterations 

in relative wall thickness may be an early form of cardiac adaptation to the detrimental 

high blood pressure that surrounds this form of remodelling.111 A elevation in relative 

wall thickness (concentric remodelling) has been characterised by heightened 

peripheral resistance, lowered cardiac index and an increase in arterial stiffening.112 

Cardiovascular events due to left ventricular systolic dysfunction are confirmed by high 

morbidity and mortality rates. Left ventricular hypertrophy is known to associate with 

several pathophysiological outcomes thus promoting myocardial electric instability as 

well as ventricular arrhythmias.113 These results are significantly present in all 

hypertensive individuals.113 However, left ventricular systolic dysfunction can be seen 

as an even stronger predictor of sudden death.113 Epidemiological reports have 

identified hypertension as a risk factor for heart failure.113,114 Hypertension may 

therefore lead to the development of left ventricular hypertrophy.112 Hypertension can 

be seen as a subsequent factor in coronary artery disease progression of which the 

most common aetiology of left ventricular systolic dysfunction.112 Reducing the cardiac 

afterload may improve the state of left ventricular systolic dysfunction but could result 

in hemodynamic deterioration. This was seen in patients with aortic stenosis.113 
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Figure 3 A schematic comparative illustration of (A) normal versus (B) left 
ventricular systolic dysfunction. Due to a rise in the volumetric load (preload) of the 
cardiac muscle, the cardiac muscle is now functioning at the limit of end diastolic volume. 
Thus, resulting in an alteration in the loading conditions and size of the ventricle. This is 
typically accompanied by eccentric hypertrophy due to an increase in the size of the left 
ventricle ultimately resulting in systolic dysfunction. 

1.6 Factors contributing to vascular calcification 

1.6.1 Renal function  

As previously discussed, vascular calcification is symbolised by the conversion of the 

vascular smooth muscle cells into osteoblast-like cells as well as the construction of 

matrix vesicles thus resulting in mineral deposition.115,116 It is known that individuals 

with impaired renal function are at higher risk for cardiovascular events when 

compared to individuals with normal renal function.117 A major cause of mortality 

especially in patients with end-stage renal disease (ESRD), is CVD.118,119 Vascular 

calcification is present in almost all subjects over the age of 65 years, more frequent 

in diabetics and extremely common in ESRD individuals.16 Furthermore, a decrease 

in or an impairment of renal function has been known to contribute to the progression 

of carotid intima media thickening.120 

1.6.2 Oxidative stress and inflammation 

The roles of oxidative stress and inflammation have been considered in the 

pathogenesis of hypertension. 121,122 The importance of oxidative stress in cardiac 

events can be assessed solely on the fact that antioxidants prevent several 

pathophysiological processes such as cardiac hypertrophy and cardiac myocyte 
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apoptosis.123 A number of researchers have explored the capability of antioxidants in 

the prevention of CVD.  

 

Figure 5. Illustrations of cardiac hypertrophy (A) and cardiac apoptosis (B) 
respectively. 

Oxidative stress may be linked with early changes within the vasculature whereby the 

importance of the link between oxidative stress and cardiovascular markers needs to 

be explored. Evidence suggests that an increase in oxidative stress caused by the 

imbalance between oxidants and antioxidants favouring oxidants results in the 

disruption of redox signalling and control and/or molecular damage.124 Oxidative stress 

has presented significantly as a non-traditional cardiovascular risk factor.125 However, 

whether or not oxidative stress contributes solely to remodelling of the vasculature still 

warrants investigation. 125,126 

1.6.3 Age, gender and ethnicity 

The inevitable aging process renders prominent vascular damage.127 With age, an 

accumulation of calcium within the vascular wall results in arteries becoming stiff.128 

This therefore results in a detrimental rise in pulse pressure which facilitates the 

progression of arterial remodelling that leads to the artery compensating for wall stress 

ultimately causing intimal or medial thickening. 128,129 

In addition, gender is also considered a determinant of carotid intima media 

thickness.128 Carotid intima medial thickening is independently associated with gender 

in which males showed a higher prevalence than females.128 However, on the contrary 

to thought, women during menopause commonly present with higher arterial stiffening 

indices, as denoted by an elevated pulse wave velocity and augmentation index.128 
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There is still much uncertainty when it comes to the ethnic differences in regard to the 

prevalence, progression and link of vascular disease. In South Africa, hypertension is 

considered one of the leading risk factors for cardiovascular mortality.130 Studies have 

shown that hypertension indices are twice as high in black individuals when compared 

to their white counterparts.131 Similarly, results considering mortality rates have 

predicted that coronary heart disease is higher in black compared to white woman.132 

Black individuals are more prone to developing acute myocardial infarction determined 

with a poor survival rate.132 

There are findings available suggesting that differences in the prevalence of coronary 

calcification exists amongst different ethnicities.133 Black African men are more eligible 

to early vascular calcification and premature cardiac overload when compared to their 

white counterparts.135 It is known that low circulating vitamin D, specifically 25(OH)D3 

is associated with arterial stiffness.135 In this relation, it may contribute to the differing 

pulse wave velocity proportions that were observed in different ethnic societies.135 

1.6.4 Lifestyle  

Gamma-glutamyltransferase (GGT) is a marker of liver function often linked to alcohol 

consumption. Coronary artery calcification, a strong precursor of atherosclerosis was 

found to correlate significantly with serum levels of GGT as well as with factors relating 

to coronary heart disease.136 According to Atar et al., serum GGT concentrations 

proved to be an independent marker of coronary artery calcification.136 But findings 

from Ellison et al. reported no significant associations between alcohol consumption 

and atherosclerotic plaque development.137 

Furthermore, the association between cigarette smoking and coronary heart disease 

have been established in several publications.138-140 This association is said to be 

mediated via the physiological mechanisms such as lipid profile modifications, 

vascular calcification and inflammation.141 Smoking reportedly increases low density 

lipoprotein cholesterol and reduces high-density lipoprotein cholesterol.142 This 

alteration in lipid profile concentrations is said to potentially modify the mechanisms of 

vascular calcification.142 Therefore, lifestyle risk factors such as smoking and alcohol 

usage are major contributors to CVD development and have been widely researched.  
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1.7 Motivation  

Previous reports have concluded that African populations may be predisposed to the 

process of vascular calcification due to altered bone and calcium metabolism, 

especially in older populations.143 To the best of our knowledge, evidence exploring 

the onset of vascular calcification via abnormal mineral metabolism contributing to the 

development of CVD is limited. Furthermore, it is known that vascular calcification is 

linked to several disease states including chronic kidney disease, hypertension and 

type 2 diabetes mellitus, especially in older populations, while less is known about the 

potential links of cardiac and arterial structure and function with biomarkers related to 

vascular calcification in young black and white individuals with no apparent CVD.  

1.8 Summary  

A potential risk factor for CVD development is vascular calcification. Vascular 

calcification can be explored by determining the association between factors that are 

involved in the calcification process as well as markers related to cardiovascular 

structure and function. 

There are numerous studies stating the impact of vascular calcification on 

cardiovascular structure and function. However, most studies have reported findings 

on older populations, individuals with diabetes mellitus, and/or renal impairments such 

as chronic kidney disease. The associations of vascular calcification markers such as 

alkaline phosphatase and calcium were significantly associated with the presence of 

several cardiovascular events leading to vascular disease. Nevertheless, there are 

limited studies addressing the onset of vascular calcification in a young generally 

healthy population.  

In addition, black South Africans are in fact more susceptible to developing 

cardiovascular complications. The role of vascular calcification amongst this 

population still warrants exploring. 
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1.9 Aim 

To explore whether associations of left ventricular relative wall thickness and systolic 

function exists with biomarkers related to vascular calcification in young South 

Africans. 

1.10 Objectives- 

In a study population of black and white men and women, our objectives are to:  

i. Compare markers of cardiac structure (relative wall thickness) and function 

(ejection fraction, fractional shortening, cardiac output, stroke volume) with 

vascular calcification markers (alkaline phosphatase and serum calcium) between 

our black and white groups; 

ii. Explore the associations of cardiovascular measures (ejection fraction, fractional 

shortening, stroke index, cardiac index and relative wall thickness) with markers of 

vascular calcification (alkaline phosphatase and calcium) and; 

iii. Explore if oxidative stress (glutathione peroxidase) and inflammation (c-reactive 

protein) contributes to the association of cardiovascular measures with markers of 

vascular calcification. 

1.11 Hypotheses  

We hypothesise that: 

From our first objective: 

i. Markers of cardiac structure (relative wall thickness) and function (ejection 

fraction, fractional shortening, cardiac index and stroke index) will present 

higher in the black group compared to their white counterparts. 

 Alkaline phosphatase and serum calcium will present higher in the black group. 

From our second objective: 

ii. Cardiovascular measures will associate adversely with markers of vascular 

calcification. 
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From our third objective: 

iii. Both oxidative stress and inflammation will contribute to the associations of 

cardiovascular structure and function with markers of vascular calcification. 

  



 

19 | P a g e  
 

References  

1. Johnson RD, Leopold JA, Loscalzo J. Vascular Calcification Pathobiological 

Mechanisms and Clinical Implications. Circ Res 2006; 99:1044-1059. 

2. Abedin M, Tintut Y, Demer LL. Vascular Calcification Mechanisms and Clinical 

Ramifications. Atheroscler Thromb Vasc Biol 2004; 24:1161-1170. 

3. Schutte AE, Huisman HW, Schutte, Van Rooyen JM, Malan L, Malan NT, Relmann M. 

Arterial stiffness: Investigating various sections of the arterial tree of African and 

Caucasian people. Clin Hypertens 2011; 33:511-517. 

4. Sobokbar A, Millett P, Myer B, Rushton N. A rapid, quantitative assay for measuring 

ALP activity in osteoblastic cells in vitro. J Bone Miner Res 1994; 27:57-67. 

5. Rostand SG, Drueke TB. Parathyroid hormone, vitamin D, and cardiovascular disease 

in chronic renal failure. Kidney Int 1999; 56:383-392. 

6. Van Ballegooijen AJ. A potential role for parathyroid hormone in cardiovascular 

disease. OA Epidemiology 2014; 18: 2(1):8. 

7. Orimo H. The Mechanism of Mineralization and the Role of Alkaline Phosphatase in 

Health and Disease. Journal of Nippon Medical School 2010; 77:4-12. 

8. Nichols N, O'Rourke M. McDonald's Blood Flow in Arteries: Theoretical experimental 

and Clinical Principles 5th edition. Oxford University Press Inc 2005:70-85. 

9. Pugsley MK, Tabrizchi R. The vascular system. J Pharmacol Toxicol Methods 2000; 

44(2):333-340. 

10. Sawabe M. Vascular aging: From molecule mechanism to clinical significance. Geriatr 

& Gerontal Int 2010; 10:213-220. 

11. Levy BI. The mechanical properties of the arterial wall in hypertension. Prostaglandins, 

leukot and Essent Fatty Acids 1996; 54:39-43. 

12. Opie LH. Heart Physiology from cell to circulation 3rd ed. Lippincott Williams & Wilkins; 

2004; 279-302. 

13. Zieman SJ, Melenovsky V, Kass DA. Mechanisms, Pathophysiology and Therapy of 

Arterial Stiffness. Atheroscler Thromb Vasc Biol 2005; 932-943. 

14. Stuart Ira Fox. Human Physiology, Twelfth ed. New York: McGill and Hall; 2011. 

15. Cecelja M, Chowienczyk P. Arterial Stiffening: Causes and consequences. Artery Res 

2012; 7:22-27. 

16. Demmer LL, Tintut Y. Vascular calcification: Pathobiology of a multifaceted disease. 

Circulation 2008; 117:2938-2948. 



 

20 | P a g e  
 

17. Malone AF, Reddan DN. Pulse pressure why is it important? Periton Dialysis Int 2010; 

30:265-268. 

18. London GM, Marchais SJ, Guerin AP, Metivier F. Atherosclerosis, vascular 

calcifications and cardiovascular disease. Curopin Nephrol Hypertens 2005; 14:252-

531. 

19. Jono S, Nishizawa Y, Shioi A, Morii H. Parathyroid Hormone-Related Peptide as a 

Local Regulator of Vascular Calcification. Arterioscler Thromb Vasc Biol 1997; 17: 

1135-1142. 

20. Moe SM, Chen NX. Mechanisms of vascular calcification in chronic kidney disease. J 

am Soc Nephrol 2008; 19:213-216. 

21. Yang R, Teng X, Li H, Xue HM, Guo Q. Hydrogen Sulfide Improves Vascular 

Calcification in Rats by Inhibiting Endoplasmic Reticulum Stress. Oxid Med Cell 

Longev 2016:9. 

22. Demer LL. Vascular calcification and osteoporosis: Inflammatory responses to 

oxidized lipids. Int Epidemiol Ass 2002; 31: 737-741. 

23. Shoppet M, Shanahan CM. Role for alkaline phosphatase as an inducer of vascular 

calcification in renal failure? Kidney Int 2008; 73:989-991. 

24. Verhave G, Siegert CEH. Role of vitamin D in cardiovascular disease. J Med 2010; 

68(3):113-119. 

25. Towler DA. Vascular calcification: A perspective on an imminent disease epidemic. 

IBMS Bone KEY. 2008; 5:41-58. 

26. Okuno S, Ishimura E, Kitatani K, Fujino Y, Kohno K, Maeno , Maekawa Y, Yamakawa 

T, Imanishi Y, Inaba M, Nishizawa Y. Presence of abdominal aortic calcification is 

significantly associated with all cause and cardiovascular mortality in maintenance 

hemodialysis patients. Am J Kidney Dis 2007; 49:417-425. 

27. Kalra SS, Shanahan CM. Vascular calcification and hypertension: Cause and effect. 

Ann Med 2012; 44:85-92. 

28. Leopold JA. Vascular Calcification: Mechanisms of Vascular Smooth Muscle Cell 

Calcification. Cardiovasc Med 2015; 25(4):267-274. 

29. Alves RDAM, Eijken M, Van de Peppel J, van Leeuwen JPTM. Calcifying vascular 

smooth muscle cells and osteoblasts: independent cell types exhibiting extracellular 

matrix and biomineralisation-related mimicries. BMC Genomics 2014; 15:965-979. 

30. Hruska KA, Matthew S, Saab G. Bone morphogenetic proteins in vascular 

calcification. Cir Res 2005; 97:105-114. 



 

21 | P a g e  
 

31. Bellows CG, Reimers SM, Heersche JM. Expression of mRNA's for type I collagen. 

Bone sialoprotien, osteocalcin, and osteopontin at different stages of osteoblastic 

differentiation and their regulation by 1,25 dihydroxyvitamin D3. Cell Tissue Res 1999; 

297:249-259. 

32. Reynolds JL, Joannides AJ, Skepper JN, McNair R, Schurgers LJ, Proudfoot D, 

Johnen-Dechent W, Weissberg PL, Shanahan CM. Human vascular smooth muscle 

cells undergo vesicle mediated calcification in response to changes in extracellular 

calcium and phosphate concentrations: A potential mechanism for accelerated 

vascular calcification in ESRD. J Am Soc Nephrol 2004: 15:2857-2867. 

33. Bostorm K, Watson KE, Horn S, Wortham C, Herman IM, Demer LL. Bone 

Morphogenetic expression in human atherosclerotic lesions. J Clin Invest 1993; 

91:1800-1809. 

34. Watson KE, Bostrom K, Ravindranath R, Lam T, Norton B, Demer LL. TGF-Beta I and 

25-hydroxycholesterol stimulate osteoblast-like vascular cells to calcifiy. J Clin Invest 

1994-93:2106-2113. 

35. Luo G, Ducy P, mcKee MD, Pinero GJ, Loyer E, Behringer RR, Karsenty G. 

Spontaneous calcification of arties or cartilage in mice lacking matric GLA protein. 

Nature 1997; 368:78-81. 

36. Murshed M, Harmley D, Millan JL, McKee MD, Karsenty G. Unique co-expression in 

osteoblasts of broadly expressed genes account for spatial restriction of ECM 

mineralisation in bone. Genes Dev 2005; 19:1093-1104. 

37. Lutsey PL, Michos ED. Vitamin D, Calcium and Atherosclerotic Risk: Evidence from 

serum levels and supplementation studies. Curr Atheroscler Rep 2013; 15(1): 293-

306. 

38. Van Ballegooijen AJ, Reinders I, Visser M, Brouwer IA. Parathyroid hormone and 

cardiovascular disease events: A systematic review and meta-analysis of prospective 

studies. Am Heart J 2013; 165: 655-664. 

39. Kunutsor SK, Bakker SJL, Kootstra-Ros JE, Gansevoort RT, Gregson J, Dullaart RPF. 

Serum Alkaline Phosphatse and Risk of Incident Cardiovascular Disease: 

Interrelationship with High Sensitivity C-Reactive Protein. PLOS ONE 2015; 10(7):1-

16. 

40. Sussman HH, Small PA, Cotlove E. Human alkaline phosphatase immunochemical 

identification of organ-specific isoenzymes. J Biol Chem 1968; 243:160-166. 



 

22 | P a g e  
 

41. Kovesdy CP, Ureche V, Lu JL, Kalanatr-Zadenk. Outcome predictability of serum 

alkaline phosphatase in men with pre-dialysis CKD. Nephrology, dialysis, 

transplantation: Official publication of the European Dialysis and Transplantation 

Association. Eur Renal Ass 2010; 25(9)3003-3011. 

42. Park JB, Kang DY, Yang HM, Cho HJ, Park KW, Lee HY, Kang HJ, Koo BK, Kim HS. 

Serum alkaline phosphatase is a predictor of mortality, myocardial infarction, or stent 

thrombosis after implantation of coronary drug-eluting stent. Eur Heart J 2013; 

34(1):920-931. 

43. Oh PC, Lee K, Kim TH, Moon J, Park HW, Jang H, Park SD, Kwon SW, Suh J, Kang 

WC. Prognostic impact of alkaline phosphatase measured at time of presentation in 

patients undergoing primary percutaneous coronary intervention for ST-segment 

elevation myocardial infarction. PLOS ONE 2017; 12(2):1-11. 

44. Giachelli Cm. The emerging role of phosphate in vascular calcification. Kidney Int 

2009; 75:890-897. 

45. Abramowitz M, Munter P, Coco M, Southern W, Lotwin I, Hostetter TH. Serum Alkaline 

Phosphate and Phosphate and Risk of Mortality and Hospitalization. Clin J Am Soc 

Nephrol 2010; 1-8. 

46. Li JW, Xu C, Fan Y, Wang Y, Xiao Y. Can Serum Levels of Alkaline Phosphatase and 

Phosphate Predict Cardiovascular Diseases and Total Mortality in Individuals with 

Preserved Renal Function? A Systemic Review and Meta-Analysis. PLOS ONE 2014; 

9(7):1-14. 

47. Tonelli M, Curhan G, Pfeffer M, Sacks F, Thadhani R, Melamed ML, Wiebe N, Munter 

P. Relation Between Alkaline Phosphatase, Serum Phosphate, and All-Cause or 

Cardiovascular Mortality. Circulation 2009; 120:1784-1792. 

48. Trion A, van der Laarse A. Vascular Smooth Muscle Cells and Calcification in 

Atherosclerosis. Am Heart J 2004; 5(147):808-814. 

49. Goettsch C, Iwata H, Aikawa E. Parathyroid hormone – a critical bridge between bone 

metabolism and cardiovascular disease. Arterioscler Thromb, Vasc Biol 2014; 34(7): 

1333-1335. 

50. Lui S, Song Y, Ford ES, Manson JE, Buring JE, Riaker PM. Dietary calcium, vitamin 

D, and the presence of metabolic syndrome in middle aged and older US women. 

Diabetes Care 2005; 25:2926-2932. 

51. Richart T, Thijs L, Nawot T, Yu J, Kuznetsova T, Balkestein EJ, Struijker-Boudier HA, 

Staessen JA. The metabolic syndrome and carotid intima-media thickness in relation 



 

23 | P a g e  
 

to the parathyroid hormone to 25-OH-D3 ration in a general population. Am J 

Hypertens 2011; 24:102-109. 

52. Choi H, Kim S, Rhee Y, Cho M, Lee E, Lim S. Serum parathyroid hormone is 

associated with carotid intima-media thickness in postmenopausal women. Int J Clin 

Prac 2008; 62:1352-1357. 

53. Anderson JL, van Waerkom RC, Horne BD, Bair TL, May HT, Lappé DL, Muhlestein 

JB. Parathyroid hormone, vitamin D, renal dysfunction and cardiovascular disease 

dependent or independent risk factors. Am Heart J 2011; 162:331-339.  

54. Sharma RK, Sharma RV, Voelker DJ, Singh VN, Pahuja D, Nash T, Reddy HK. 

Cardiac risk stratification: Role of the coronary calcium score. Vascu Health Risk 

Manage 2010; 6: 603-611. 

55. Greenland P, Bonnow RO, Brundage BH, Budoff MJ, Elsenberg MJ, Grundy SM, 

Lauer MS, Post WS, Raggi P, Redberg RF, Rodgers GP, Shaw LJ, Taylor AJ, 

Weintraub WS. AACF/AHA 2007 clinical expert consensus document on coronary 

artery calcium scoring by computed tomography in global cardiovascular risk 

assessment and in evaluation of patients with chest pain: A report of the American 

College of Cardiology Foundation Clinical Expert Consensus Task Force developed 

in collaboration with the Society of Cardiovascular Computed Tomography. J Am Coll 

Cardiol 2007; 49(3): 378-402. 

56. O’malley PG, Taylor AJ, Jackson JL, Doherty TM, Detrano RC. Prognostic value of 

coronary electron-beam computed tomography for coronary heart disease events in 

asymptomatic population. Am J Cardiol 2000; 85(8): 945-948. 

57. Raggi P, Callister TQ, Shaw LJ. Progression of coronary artery calcium and risk of first 

myocardial infarction in patients receiving cholesterol-lowering therapy. Arterioscler 

Thromb Vasc Biol 2004: 24(7): 1272-1277. 

58. Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC. Coronary artery calcium 

score combined with Framingham score for risk prediction in asymptomatic 

individuals. JAMA 2004; 291(2): 210-215. 

59. Arad Y, Goodman KJ, Roth M, Newstein D, Guerci AD. Coronary calcification, 

coronary disease risk factors, C-reactive protein, and atherosclerotic cardiovascular 

events: The St Francis Heart Study. J Am Coll Cardiol 2005; 46(1): 158-165. 

60. Walker MD, Fleischer JB, Di Tullio MR, Homma S, Rundek T, Stein EM, Zhang C, 

Taggart T, McMahon DJ, Silverberg SJ. Cardiac structure and Diastolic Function in 

Mild Primary Hyperparathyroidism. J Clin Endocrinol Metab 2010; 95:2172-2179. 



 

24 | P a g e  
 

61. Holick MF. McCollum Award Lecture. Vitamin D - New horizons for the 21st century. 

Am J Clin Nutr 1994; 60:619-630. 

62. Holick MF. Vitamin D deficiency. N Engl J Med 2007; 357:266-281. 

63. Eisman JA, Bouillon R. Vitamin D: direct effects of vitamin D metabolites on bone: 

lessons from genetically modified mice. Bonekey Reports 2014; 3(499):1-6. 

64. Holick MF. Vitamin D: Important for the prevention of osteoporosis, cardiovascular 

Heart disease, type I diabetes, autoimmune disease, and some cancers. South Med 

J 2005; 98:1024-1027. 

65. Holick MF, Clen TC. Vitamin D deficiency: A worldwide problem with health 

consequences. Am J Clin Nutr 2008; 87:1080s-1086. 

66. Pilz S, Gaksch M, O’Hartaigh B, Tomaschitz A, Marz W. The role of vitamin D 

deficiency in cardiovascular disease: where do we stand in 2013? Arch Toxicol 2013; 

87:2083-2103. 

67. Cetin M, Kozdag G, Ural D, Kahraman G, Yilmaz I, Akay Y, Onuk R, Nigar D. Could 

decreased vitamin D levels be related with impaired cardiac autonomic functions in 

patients with chronic heart failure: An observational study. Anadolu Kardiyol Derg 

2014; 14:434-441. 

68. Burgaz A, Orsini N, Larsson SC, Wolk A. Blood 25-hydroxyvitamin D concentration 

and hypertension: A meta-analysis. J Hypertens 2011; 29:636-645. 

69. Sakamoto R, Jaceldo-Siegl K, Haddad E, Oda K, Fraser GE, Tonstad S. Relationship 

of vitamin D levels to blood pressure in a biethnic population. Nutr Metab Cardiovasc 

Dis 2013; 23:776-784. 

70. Vaidya A, Williams JS. The relationship between vitamin D and the Renin-angiotensin 

system in the pathophysiology of hypertension, kidney disease and diabetes. 

Metabolism 2012; 61:450-458. 

71. U.S Renal Data System. USRDS Annual Report. Am J Dis 1998; 32(1):581-588. 

72. Blacher J, Guerin AP, Pannier B, Marchais SJ, Safar ME, London GM. Impact of aortic 

stiffness on survival of end-stage renal disease. Circulation 1999; 99:2434-2439. 

73. Guerin AP, London GM, Marchais SJ, Metivir F. Arterial stiffening and vascular 

calcifications in end-stage renal disease. Nephrol Dial Transplant 2000; 15:1014-

1021. 

74. Wilson PWF, Kauppila LI, O'Donnell C, Kiel DP, Hannah M, Polak JM, Cupples LA. 

Abdominal aortic calcific deposits are an important predictor of vascular morbidity and 

mortality. Circulation 2001; 103:1529-1534. 



 

25 | P a g e  
 

75. Virmani R, Burke AP, Forb A, Kologie FD. Pathology of the vulnerable plaque. J Am 

Coll Cardiol 2006; 47:C13-8. 

76. Greenland P, Abrams J, Aurigemma GP, Bond MG, Clark LT, Criqui MH, Crouse JR 

3RD, Friedman L, Fuster V, Herrington DM, Kuller LH, Ridker PM, Roberts WC, 

Standofrd W, Stone N, Swan HJ, Taubert KA, Wexler L. Prevention conference V: 

Beyond secondary prevention, identifying the high risk patient for primary prevention, 

non-invasive tests of atherosclerotic burden, writing group III. Circulation 2000; 

101:E16-22. 

77. Taylor AJ, Merz CN, Udelson JE. 34th Bethesda conference: executive summary can 

atherosclerosis imaging techniques improve the detection of patients at risk for 

ischemic heart disease? J Am Coll Cardiol 2003; 41:1860-1862. 

78. Aschoff L. Introduction in: Cowdry EV, ed Atherosclerosis: A survey of the protein. 

New York: MacMillian 1933:1. 

79. Crowther MA. Pathogenesis of Atherosclerosis. Am Soc Hematol 2005; 436-442. 

80. Perdomenico SD, Nicola MD, Esposito AL, Di Mascio R, Ballone e, Lapenna D, 

Cuccurullo F. Prognostic value of different indices of blood pressure variability in 

hypertension patients. Am J of Hyp 2009; 22(8):842-847. 

81.  Lloyd-Jones D, Adams R, Carnethon M, Di Mascio R, Ballone E, Lapenna D, 

Cuccurullo F. Heart Disease and Stroke statistics. Circulation 2009; 119(3):480-486. 

82. Singh RB, Mengi SA, Xu YJ, Arneja AS, Dhalla NS. Pathogenesis of atherosclerosis: 

A Multifactorial process. Exp Clin Cardiol 2002; 7(1):40-53. 

83. Libby P. Inflammation in atherosclerosis. Nature 2002; 420(6917):868-874. 

84. Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers 

of inflammation in the prediction of cardiovascular disease in women. N Engl J Med 

2000; 342:836-843. 

85. Vengrenyuk Y, Carlier S, Cardoso L, Ganatos P, Virmani R, Einar S, Gilchrist L, 

Weinbaum S. A hypothesis for vulnerable plaque rupture due to stress-induced 

debonding around cellular microcalcifications in thin fibrous caps. Pro Natl Acad Sci 

2006; 103:14678-14683. 

86. Haung H, Virmani R, Burke AP, Kamm RD, Lee RT. The impact of calcification on the 

biochemical stability of atherosclerotic plaques. Circulation 2001; 103:1051-1056. 

87. Ge J, Chrillo F, Schwedtmann J, Gorge G, Haude M, Baumgart D, Shah V, von 

Birgelen C, Sack S, Boudoulas H, Erbel R. Screening of ruptured plaques in patients 

with coronary heart disease by intravascular ultrasound. Heart 1999; 81:621-627. 



 

26 | P a g e  
 

88. Avolio A, Jones D, Tafazzolio-Shadpour M. Quantification of alterations in structure 

and function of elastin in the arterial media. Hypertension 1998; 32:170-175. 

89. Vasan RS. Pathogenesis of elevated peripheral pulse pressure some reflections and 

thinking forward. Hypertension 2008; 51:33-36. 

90. Cecelja M, Chowienczyk P. Dissociation of Aortic Pulse Wave Velocity with Risk 

Factors for Cardiovascular Disease Other Than Hypertension. Hypertension 2009; 

54:1328-1336. 

91. Adel M, ElSheikh A,Sameer S, Haseeb W, ElSheikh E, Kheder L. Arterial Stiffness 

and Endothelial Dysfunction in patients with Metabolic Syndrome. Saudi Heart Ass 

2015; 336:1-8. 

92. Mattace-Raso FUS, van der Cammen TJM, Hofman A, van Popele NM, Bos ML, 

Schalekamp MAD, Asmar R, Reneman RS, Hoeks AP, Breteler MM, Witteman JC. 

Arterial Stiffness and Risk for Coronary Heart Disease and Stroke: The Rotterdam 

Study. Circulation 2006; 113:657-663. 

93. Kruger R, Schutte R, Huisman HW, van Rooyen JM, Malan NT, Fourie CMT, Louw R, 

van der Westhuizen FH, van Deventer CA, Malan L, Schutte AE. Associations 

between reactive oxygen species, blood pressure and arterial stiffness in black South 

Africans: the SABPA study. J Hum Hypertens 2012; 26:91-97. 

94. Vaitkevicius PV, Fleg JL, Engel JH, O'Connor FC, Wright JG, Lakatta LE, Yin FC, 

Lakatta EG. Effects of age and aerobic capacity on arterial stiffness in healthy adults. 

Circulation 1993; 88:1456-1462. 

95. van der Heijden-Spek, Janneke J, Staessen JA, Fagard RH, Hoeks AP, Boudier HAS, 

van Botel LM. Effects of age on brachial artery wall properties differs from the aorta 

and is gender dependent on population study. Hypertesion 2000; 35:637-642. 

96. O'Rouke MF, Hashimoto J. Mechanical factors in Arterial aging: A clinical perspective. 

J Am Coll Cardiol 2007; 50:1-13. 

97. Grobbee D, Bots M. Carotid artery intima-media thickness as an indicator of 

generalised atherosclerosis. J Intern Med 1994; 236:567-573. 

98. Nabavi V, Ahmadi N, Bhatia HS, Flores F, Ebrahimi R, Karlsberg RP, Budoff MJ. 

Increased carotid wall thickness measured by computed tomography is associated 

with the presence and severity of coronary artery calcium. Atherosclerosis 2011; 

215:103-109. 

99. Avolio A, Lauren P, Yong J, O'Rourke M. Structural and morphological changes in 

aging and human thoracic aorta. Aust NZ J Med 1986; 16:567. 



 

27 | P a g e  
 

100. Van der Meer M, Bots ML, Hofman A, de Sol AI, van der Kulp DAM, Witteman 

JCM. Predictive value of noninvasive measures of Atherosclerosis for incident 

myocardial infarction: the Rotterdam Study. Circulation 2004; 109(9):1089-1094. 

101. Stary HL, Blankenhorn DH, Chandler AB, Glagov S, Insull W. Jr, Richardson 

M, Rosenfeld ME, Schaffer SA, Schwartz CJ, Wagner WD. A definition of the intima 

of human arteries and of its atherosclerosis-prone regions. A report from the 

committee on vascular lesions of the council on atherosclerosis. AHA. Circulation 

1992; 85:391-405. 

102. Ebrahim S, Papacosta O, Whincup P, Wannamethee G, Walker M, Nicolaides 

AN, Dhanjils S, Griffin M, Belcaro G, Rumley A, Lowe GDO. Carotid plaque, intima 

media thickness, cardiovascular disease in men and women. The British Regional 

Heart Study. Stroke 1999; 30:841-850. 

103. Maki KC, Davidson MH, Dicklin MR, Bell M, Witchger M, Feinsteing SB. 

Predictors of anterior and posterior wall carotid intima media thickness progression in 

men and women at moderate risk of coronary heart disease. J Clin Lipodol 2011; 

5:141-151. 

104. Schutte R, Schutte AE, Huisman HW, van Rooyen JM, Malan NT, Peter S, 

Fourie CM, van der Westhuizen FH, Louw R, Botha CA, Malan L. Blood Glutathione 

and subclinical Atherosclerosis in African Men: The SABPA study. Am J Hypertens 

2009; 22:1154-1159.  

105. Ross R. The pathogenesis of atherosclerosis: A prospective for the 1990's. New 

End J Med 1993; 340:115-126. 

106. Cerielo A, Motz E, Cavarape A, Lizzio S, Russo A, Quatraro A etal. 

Hyperglycemia counterbalances the antihypertensive effect if glutathione in diabetic 

patients: evidence linking hypertension and glycaemia through oxidative stress in 

diabetes mellitus. J Diabetes Complicat 1997; 11:250-255. 

107. Li X, Kramer XYC, van der Loos CM, Kock KT, de Boer OJ, Henriques JP, Baan 

J Jr, Vis MM, Piek JJ, Tijssen JGP, de Winter RJ, van der Walt AC. A pattern of 

disperse plaque microcalcifications identifies a subset of plaques with high 

inflammatory burden in patients with acute myocardial infarction. Atherosclerosis 

2011; 218:83-89. 

108. Paramsothy P, Knopp RH, Bertoni AG, Blumenthal RS, Wasserman BA, Tsai 

MY, Rue T, Wong ND, Heckbert SR. Association of combinations of Lipid parameters 



 

28 | P a g e  
 

with carotid intima media thickness and coronary artery calcium in the MESA (Multi-

Ethnic Study if Atherosclerosis. J Am Coll Cardiol 2010; 56:1034-1041. 

109. Parhami F, Morrow AD, Balucan J, Leitinger N, Watson AP, Tintut Y, Berliner 

JA, Demer LL. Lipid oxidation products have opposite effects on calcifying vascular 

cell and bone cell differentiation. A possible explanation for the paradox of arterial 

calcification in osteoporotic patients. Atheroscler Thromb Vasc Biol 1997; 17:680-687. 

110. Pohle K, Maffert R, Ropers, Moshage W, Stilianakis N, Daniel WG, Achenbach 

S. Progression of aortic valve calcification: Association with coronary atherosclerosis 

and cardiovascular risk factors. Circulation 2001; 104:1927-1932. 

111. Hashem M, Kalashyan H, Choy J, Chiew SK, Shawki AH, Dawood AH, Becher 

H. Left ventricular Relative Wall Thickness Versus Left Ventricular Mass Index in Non-

Cardioembolic Stroke Patients. Medicine 2015; 94(20):1-5. 

112. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, 

Picard MH, Roman MJ, Seward J, Shanewise J, Solomon S, Spencer KT, Sutton M, 

Stewart W. Recommendations for chamber quantification. Eur J Echocardiography 

2006; 7: 79-108. 

113. Zoccali C. Left ventricular Systolic Dysfunction. Hypertension 2010; 56: 187-

188. 

114. Dries DL, Exner DV, Domanski MJ, Greenberg B, Stevenson LW. The 

Prognostic Implications of Renal Insufficiency in Asymptomatic and Symptomatic 

Patents with Left Ventricular Systolic Dysfunction. J Am Coll Cardiol 200; 35(3): 681-

690. 

115. Schroff RC, Shanahan Cm. Vascular calcification in patients with kidney 

disease: The Vascular Biology of Calcification. Semin Dial 2007; 20:103-109. 

116. Moe SM. Vascular calcification and renal osteodystrophy relationship in chronic 

kidney disease. European J Clin Invest 2006; 36(2):51-62. 

117. Longenecker JC, Coresh J, Powe NR, Levey AS, Fink NE, Martin , Klaq MJ. 

Traditional cardiovascular disease risk factors in dialysis patients compared with the 

general population: the CHOICE study. J Am Soc Nephrol 2002; 13:1918-1927. 

118. Collins AJ. Cardiovascular mortality and end-stage renal disease. Am J Med 

Sci 2003; 325:163-167. 

119. Foley RN, Murry AM, Li S, Herzog CA, McBean Am, Eggers PW, Collins AJ. 

Chronic Kidney disease and the risk for cardiovascular disease, renal replacement, 



 

29 | P a g e  
 

and death in the limited states Medicare population 1998-1999. J Am Soc Nephrol 

2005; 16:489-495. 

120. Desbien AM, Chonchol M, Gnahn H, Sander D. Kidney function and 

progression of carotid intima-media thickness in a community study. Am J Kidney Dis 

2008; 51:584-593. 

121. Cheng SP, Liu CL, Liu TP, Hsu YC, Lee JJ. Association between Parathyroid 

Hormone Levels and Inflammatory Markers among US Adults. Mediators of 

Inflammation 2014; 8pages. 

122. Jones DP. Antioxidants and redox Signalling. 2006; (9-10):1865-1879. 

123. Madamanchi NR, Vendrov A, Runge MS. Oxidative Stress and Vascular 

Disease. Atheroscler Thromb Vasc Biol 2005; 25:29-38. 

124. Schiepatti A, Pisoni R, Remuzzi G. Pathophysiology and management of 

chronic kidney disease. In: Greenberg A, Cheung AK, Coffman TM, Faik RJ, Jennette 

JC, eds. Primer on Kidney Diseases. 4th ed. Philadelphia: Elsevier Saunders; 2005: 

p444-445. 

125. Bosworth C, Sachs MC, Duprezt D, Hoofnaglet AN, Jacobs Jr DR, Peraltatt CA, 

Siscovick DS, Kestenbaum B, de Boer IH. Parathyroid Hormone and arterial 

dysfunction in the multi-ethnic study of atherosclerosis. Clin Endocrinol 2013; 79: 429-

436. 

126. Neves K, Graciolli F, Dos Reis L, Graciolli R, Neves C, Magalhaes A, Custodio 

MR, Batista DG, Jorgetti V, Moyses RMA. Vascular Calcification: Contribution of 

parathyroid hormone in renal failure. Kidney Int 2007; 71:1262-1270. 

127. Atkinson J. Age-related medial elastocalcinosis in arteries: Mechanisms. 

Animal models and Physiological consequences. J Appl Physiol 2008; 105:1643-

1651. 

128. Lee H, Oh B. Age and arterial stiffness. Circulation 2010; 74:2257-2262. 

129. Dao HH, Essalihi R, Bouvet C, Moreau P. Evolution and motivation of age-

related medial elastocalcinosis: Impact on large artery stiffness and isolated systolic 

hypertension. Cardiovasc Res 2005; 66:307-317. 

130. Norman R, Gaziano T, Laubsher R, Steyn K, Bradshaw D. Estimating the 

burden of disease attributable to high blood pressure in South Africa in 2000. S Afr 

Ned J 2007; 97:692-698. 

131. Keil JE, Tyroler HA, Sandifer SH, Boyle E. Hypertension: Effects on social class 

and Racial Admixture. Am J Public Health 1977; 67:634-640. 



 

30 | P a g e  
 

132. Gerhard GT, Sexton G, Malinow MR, Wander RC, Connor SL, Pappau AS, 

Connor WE. Premenopausal black women are uniquely at risk for coronary heart 

disease compared to white women. Prev Cardiol 2000; 3(3): 105-117. 

133. Budoff MJ, Yang TP, Shavelle RM, Lamont DH, Brundage BH. Ethnic 

differences in coronary atherosclerosis. J Am Coll Cardiol 2002; 39:408-412. 

134. Kruger R, Schutte R, Huisman HW, Olsen MH, Schutte AE. NT-proBNP and 

Potential Vascular Calcification in Black and Caucasian African Men: The SAFREIC 

study. Eth Dis 2012; 22:398-344. 

135. Rezai M, Wallace AM, Sattar N, Finn JD, Wu FC, Cruickshank JK. Ethnic 

differences in aortic pulse wave velocity occur in the descending aorta and may be 

related to vitamin D. Hypertension 2011; 58:247-253. 

136. Atar AI, Yilmaz OC, Akin K, Selcoki Y, Er O, Eryonucu B. Association between 

gamma-glutamyltransferease and coronary artery calcification. Int J Cardiol 2013; 

167:1264-1267. 

137. Ellsion RC, Zhang Y, Hopkins PN< Knox S, Djousse L, Carr JJ. Is alcohol 

consumption associated with calcified atherosclerotic plaque in the coronary arteries 

and aorta? Am Heart J 2006; 152:177-182. 

138. Bullen C. Impact of tobacco smoking and smoking cessation on cardiovascular 

risk and disease. Expert Rev Cardiovasc Ther 2008; 6:883-895. 

139. Ockene IS, Miller NH. Cigarette smoking, cardiovascular disease and stroke: A 

statement for Healthcare Professionals from the American Heart Association. 

Circulation 1997; 96:3243-3247. 

140. U.S Department of Health and Human Services. The Health benefits of 

Smoking Cessation: A Report of the Surgeon General. Atlanta: U.S Department of 

Health and Human Services, Centres for Disease Control and Prevention, Office on 

Smoking and Health; 1990. 

141. Campbell SC, Moffatt RJ, Stamford BA. Smoking and Smoking cessation - the 

relationship between cardiovascular disease and lipoprotein metabolism: A review. 

Atherosclerosis 2008; 201:225-235. 

142. Hirooka N, Kadowaki T, Sekikawa A, Ueshima H, Choo J, Miura K, Okamura 

T, Fujiyoshi A, Kadowaki S, Kadota A, Nakamura Y, Maegawa H, :Kashiwagi A, 

Masaki K, Sutton-Tyrrell K, Kuller LH, Curb JD, Shin C. Influences of cigarette smoking 

on coronary artery and aortic calcium among random samples from populations of 



 

31 | P a g e  
 

middle-aged Japanese and Korean men. J Epidemiol Community Health 2013; 

67(2):119-124. 

143. Mokwatsi GG, Schutte AE, Kruger R. Ethnic differences regarding arterial 

stiffness of 6-8 year old black and white boys. J Hypertens 2017 published ahead of 

print. 

 



 

 

32 | P a g e  
 

 

 

 

 

 

 

 

 

 

 

Chapter 2 

Methodology 

 



 

33 | P a g e  
 

2.1 Introduction 

Cardiovascular disease (CVD) is an ever-increasing phenomenon not only seen in 

South Africa but across the globe.1 CVD is known to be accompanied by 

pathophysiological alterations within circulation, ultimately impairing 

haemodynamics.2 The highest recorded blood pressure measures were that of 

populations who reside on the African continent.3 Premature CVD development is 

ever-increasing whereby the early detection, prevention and/or intervention may result 

in a reduction in resultant cardiac damage during adulthood.4 This chapter will 

therefore outline the specific methodology and justifications as to the anthropometric, 

cardiovascular, echocardiographic and biochemical analyses used in compiling the 

prevailing manuscript chapter to follow. 

2.1.1 Study design and population demographics 

This cross-sectional study forms part of the larger African prospective study on the 

early detection and identification of cardiovascular disease and hypertension (African-

PREDICT). The aim of the prospective study is to identify premature CVD 

development in young South Africans. By understanding the pathophysiological 

implications of early disease development, prevention strategies can be implemented 

to possibly eradicate the early onset of cardiac compromise. 

The African-PREDICT study is currently in its baseline phase with an aim to include 

1200 participants from Potchefstroom, North West Province, South Africa (Figure 1). 

Recruitment, screening and assessment of normotensive, apparently healthy 

participants with equal sex distribution was conducted at the Hypertension clinic, 

located within the North-West University, Potchefstroom campus in addition to external 

locations. 
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Figure 1. Geographical location of Potchefstroom, North West Province, South 

Africa  

The recruitment of participants takes place on a continuous basis until the full baseline 

sample has been reached. Recruitment took place via; 

(i) Active contact with field worker; 

(ii) Access through the workplace and; 

(iii) Advertisements by means of radio and alternative media. 

This study will therefore contribute to the limited knowledge surrounding calcification 

within a generally healthy population with the aim to explore whether associations of 

left ventricular relative wall thickness and systolic function exists with biomarkers 

related to vascular calcification in young South Africans. 

2.1.2 Organisational procedures 

In this cross-sectional baseline study, we included the first 400 participants which 

included black (n=160) and white (n=175) men and women after the exclusion of 

participants who presented with missing variables of interest (n= 65). 
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The inclusion criteria for the African-PREDICT study are apparently healthy black and 

white men and women (20-30 years old) from the surrounding Potchefstroom area, 

with a blood pressure within normal range (<140/90 mmHg), no apparent CVD, no 

reported chronic illness/disease (HIV, diabetes mellitus, liver disease, cancer, 

tuberculosis or renal disease), not currently consuming any chronic medication nor 

pregnant or breastfeeding women. 

This cross-sectional study as well as the larger prospective African-PREDICT study 

was approved by the Health Research Ethics Committee of the North-West University 

(Potchefstroom campus) and conformed to the ethical guidelines of the Declaration of 

Helsinki (revised in 2008) for investigation of human participants. 

Participants were requested to fast for approximately 8 hours, preferably overnight 

before participation. Measures that require participant fasting seemingly avoid the 

variability of all biochemical parameters associating with meals. Therefore, a fasting 

measure will produce a more stable and reliable estimate.5 While some components 

of the lipid profile are not affected by food (total cholesterol and high-density 

lipoprotein), triglycerides in particular are.5 Plasma triglycerides are known to 

significantly increase following a meal and therefore a fasting phase evades the 

variability of triglyceride-meal association. Thus, a fasting triglyceride concentration 

delivers a steadier estimation for an individual’s risk assessment.5 

Participants were asked to arrive at the research facility at 08:00am and were shown 

around the research unit to ensure comfortability and familiarity after which each 

participant had the opportunity to solicit any questions. Written consent was obtained 

from each participant. 

Following participant consent, each participant was escorted to a number of 

measurement stations that included anthropometric, cardiovascular, 

echocardiographic measures and biochemical analyses of which will be discussed in 

detail in the subsequent sections.
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2.1.3 General health questionnaire 

Data was obtained through the use of a general health questionnaire. The general 

health questionnaire can be seen as a self-administered screening tool used and 

designed to detect amongst others, any current disorders.6 Each participant completed 

the questionnaire prior to participation. The following information was gathered from 

the questionnaire: demographic (age and locality), self-reported alcohol and tobacco 

use, employment information as well as the use of medication. The questionnaires 

were completed on Apple iPads (Hon Hai Precision Industry Co., Ltd.) using a web-

based program which took participants approximately 15 minutes to complete.  

2.1.4 Socio-economic status 

One of the most robust and reliable predictors of an individual’s morbidity and mortality 

is an individual’s socio-economic status.7-9 The socio-economic score of each 

participant was calculated using a point system that was adapted from Kuppuswamy’s 

Socioeconomic Status Scale for a South African environment.10 Each participant was 

categorised into one of three categories; low, middle or high socio-economic groups. 

The most noteworthy influence socio-economic status has on specific markers of 

disease make its classification and capacity of critical importance.11 It has been 

reported that Africans who are categorised into the low socio-economic group, have a 

higher tendency to lifestyle risks such as cigarette smoking and alcohol 

consumption.12, 13 

2.2 Anthropometric measures 

Increased body size is known to associate with an elevated risk of cardiovascular 

morbidity and mortality as seen in numerous populations.14 We therefore used 

standard procedures to obtain each participant’s height (m) (SECA 213 Portable 

Stadiometer; SECA, Hamburg, Germany), body weight (kg) (SECA 813 Electronic 

Scales; SECA, Hamburg, Germany) and waist circumference (Lufkin Steel 

Anthropometric Tape; W606PM; Lufkin; Apex; USA). All anthropometric procedures 

were performed according to specific guidelines set out by the International Society 

for the Advancement of Kinanthropometry (ISAK) in order to describe the body 
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composition our study population.15 All measurements were performed in a private 

room to ensure the privacy of each participant. 

Body mass index (BMI) of each participant was calculated using each participant’s 

height and weight.  

Formula 1: 𝐵𝑀𝐼 = 𝑚𝑎𝑠𝑠 (𝑘𝑔)  / ℎ𝑒𝑖𝑔ℎ𝑡2(𝑚)  

Since obesity has become a critical challenge seen in public health across the globe, 

the application of using BMI has gained increased popularity and has been directly 

linked to an individual’s health risk and mortality rates in several populations.16 The 

link between increased BMI and CVD risk was shown to be independent of age, sex 

and ethnicity. However, reports from cross-sectional as well as prospective 

epidemiological surveys have acknowledged that the cut-off values for BMI provided 

by the World Health Organisation did not adequately reflect an individual’s overweight 

or obesity status.17, 18 Interest in the calculation of an individual’s body surface area 

(BSA) (m²) dates back decades.19 At present the use of calculating BSA has been 

deemed useful in numerous medical fields from determining treatment dosages to the 

calculation of glomerular filtration rate.20,21 Therefore, for each of our study 

participants, BSA was calculated with the use of the Mosteller formula.22 

Formula 2: 𝐵𝑆𝐴 = ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚) × 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔) / 3600 22 

2.2.1 Physical activity 

Lifestyle modifications, including cessation of smoking and alcohol intake, transition to 

healthy dietary intake and reduced sedentary behaviour promote effective reduction 

in CVD risk.23 Physical activity in particular, is known for its beneficial effects on CVD 

risk and all-cause mortality.23 Participants were equipped with an ActiHeart physical 

activity monitor (CamNtech Ltd., England, UK). This compact, chest-worn monitoring 

device recorded heart rate, inter-beat-interval and physical activity in one combined 

unit in which each participant’s activity energy expenditure was determined. The 

ActiHeart device was worn for a maximum of 7 days. The effects of physical activity 

on markers of vascular disease including serum lipoproteins, coronary artery calcium, 

systemic inflammation and carotid intima media thickness have been widely 
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published.23 The importance of acquiring a measure of physical activity and activity 

energy expenditure should be appreciated for its importance in the increasing rate of 

non-communicable diseases, in particular CVD.24 

2.3 Blood pressure measures 

Brachial blood pressure was measured using a Dinamap® Procare 100 Vital Signs 

Monitor (GE Medical Systems, Milwaukee, USA) whilst participants remained in a 

seated resting state, with their left arms supported at heart level. Clinic blood pressure 

measures were obtained in duplicate. Systolic blood pressure, diastolic blood pressure 

and heart rate were captured from each measurement. Mean arterial pressure was 

determined using the following formula: 

Formula 3: 𝑀𝑒𝑎𝑛 𝑎𝑟𝑡𝑒𝑟𝑖𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = 𝐷𝑖𝑎𝑠𝑡𝑜𝑙𝑖𝑐 𝑏𝑙𝑜𝑜𝑑 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 + (0.4 ×

𝑝𝑢𝑙𝑠𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒)25 

The categorization of normotensive or pre-hypertensive (SBP<140 and 

DBP<90mmHg) participants was based on a mean of four blood pressure measures 

in one day. Guidelines as set out by the American Society of Hypertension and the 

International Society of Hypertension were utilized in the determination of 

hypertensive, pre-hypertensive or normotensive participants.26 

2.4 Echocardiography and carotid ultrasound 

Echocardiography is a non-invasive technique that allows for the evaluation of cardiac 

structure and function. Thus, allowing for the determination of cardiac defects, 

structural or functional compromise which is usually accompanied by the presence of 

CVD.  

The General Electric Vivid E9 device (GE Vingmed Ultrasound A/S, Hearten, Norway), 

a 2.5-3.5 MHz transducer and a 3 lead ECG was used to obtain a standard 

transthoracic echocardiography procedure. All standard transthoracic 

echocardiography procedures were performed by a medical clinical technologist, 

registered with the Health Professions Council of South Africa (HPCSA).  
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Participants were asked to remain in a partial left decubitus position with their heads 

on a modestly elevated examination table. This brings the heart forward towards the 

chest wall and closer to the transducer. Standardised methods were used to ensure 

high quality recordings according to guidelines set out by the American Society of 

Echocardiography and the European Association of Echocardiography.27, 28 

The magnitude of the cardiac chamber and ventricular function presents among the 

most clinically important and most frequently measured tasks of echocardiography.27 

Recommendations for chamber quantification include a series of measurements for 

the assessment of left ventricular alterations typically seen when the left ventricle 

adapts to the detrimental effects of CVD.29 By using the measurements of left 

ventricular wall thickness, concentric remodelling; concentric hypertrophy and 

eccentric left ventricular hypertrophy can be assessed as the left ventricle responds to 

high blood pressure.29 Concentric remodelling is therefore detected by abnormal 

measures of relative wall thickness with normal ranges of left ventricular mass.29 This 

is the first sign of cardiac adaptation to elevated blood pressure.29 We therefore 

determined relative wall thickness using the following formula: 

Formula 4: 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑤𝑎𝑙𝑙 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 =  (2 × 𝑝𝑜𝑠𝑡𝑒𝑟𝑖𝑜𝑟 𝑤𝑎𝑙𝑙 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠)/

 (𝑙𝑒𝑓𝑡 𝑣𝑒𝑛𝑡𝑟𝑖𝑐𝑢𝑙𝑎𝑟 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑎𝑡 𝑒𝑛𝑑 𝑑𝑖𝑎𝑠𝑡𝑜𝑙𝑒)27 

A non-invasive assessment of the quantity of blood (ml) pumped by the left ventricle 

upon each contraction is known as stroke volume (mL/beat). We determined and 

normalised stroke volume for height in the power of 2.04 as stroke index.30, 31 Three 

factors that are taken into consideration when determining stroke volume are preload, 

contractility and afterload of the heart. Furthermore, changes in stroke volume may be 

early indicators of changes within blood volume and myocardial contractility. Thus, 

these changes will therefore occur earlier than changes in cardiac output. 

We multiplied the stroke volume with heart rate, to obtain cardiac output.32 

Formula 5: 𝐶𝑎𝑟𝑑𝑖𝑎𝑐 𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑠𝑡𝑟𝑜𝑘𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 × ℎ𝑒𝑎𝑟𝑡 𝑟𝑎𝑡𝑒 32 
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Cardiac output is the primary determinant of oxygen transport within the 

cardiovascular system.33 The foremost function of the cardiovascular system is to 

distribute oxygen around the body to meet metabolic demands of the tissues. We 

therefore see it being reasonable to measure cardiac output in the pursuit to prove 

cardiovascular insufficiency.33 

 

 

 

 

 

Figure 2 Diagrammatic illustration of the link between stroke volume, heart rate 

and cardiac output 

Upon each contraction of the cardiac muscle, the magnitude of blood being ejected 

out of the left ventricle is measured.34 This is noted as a percentage or referred to as 

left ventricular ejection fraction which enables the identification of the onset of heart 

failure amongst other cardiac compromises (Figure 3).34 We calculated the left 

ventricular ejection fraction using left ventricular end-diastolic and end-systolic volume 

estimates derived from acquired 2D images according to the biplane method. A low 

ejection fraction is the earliest sign of resultant cardiac damage whereby the cardiac 

muscle does not pump a sufficient amount of blood around the body upon each 

contraction.34 Furthermore, a low ejection fraction may result in a rapidly elevated 

heart rate which results in the cardiac muscle pumping ineffectively. 

Cardiac output 

Stroke volume Heart rate 

Preload Contractility Afterload 

× 
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Figure 3 Graphic illustration of ejection fraction. The left ventricle can be considered 

the cardiac muscle’s foremost propelling chamber that ejects oxygenated blood through the 

ascending aorta. Therefore, ejection fraction is determined in the left ventricle and expressed 

as a percentage. Thus, ejection fraction is the quotient of blood ejected through the ascending 

aorta by the total volume of blood in the ventricle. 

It is well established that the normal functional ability of the cardiac muscle including 

its sophisticated orientation of fibres is essential for systolic function. When the 

mechanisms of the myocardium are interrupted, possibly due to several pathologies, 

the ultimate result is a detrimental effect on the left ventricle. The impairment of the 

longitudinal functionality of the left ventricle is an early marker of left ventricular 

dysfunction which is accompanied by a reduction in ejection fraction.34 Therefore, 

fractional shortening is a relatively easy measure of left ventricular systolic function. 

The recorded measures illustrate the size of reduction of the left ventricle. Using 

standard methods endocardial fractional shortening (fractional shortening) was 

determined.32, 35 

Over the years, with the use of clinical trials, carotid intima media thickness was proven 

for outcomes that support the role of intima media thickness measures for predicting 

cardiovascular events.36 Thus, in the left common carotid artery and in the internal 

carotid (General Electric Vivid E9, GE Vingmed Ultrasound A/S, Horten, Norway), 

carotid intima media thickness was derived. Digitised images were imported in the 

Artery Measurement System software for steadfast analyses (Gustavvson, Sweden).36 
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2.5 Biochemical analyses 

Biological samples (serum plasma, whole blood and urine) were prepared according 

to standard procedures and stored in cryovials in bio-freezers at –80°C until analysis. 

Biochemical analysis was done using standardised methodology by internationally 

recognised biochemical procedures, by a qualified biochemist using calibrated 

instruments.  

For the determination of serum alkaline phosphatase, a colorimetric assay in 

accordance with standardised methods was used. In the presence of zinc and 

magnesium ions, p-nitrophenyl phosphate is cleaved by phosphatase into phosphate 

and p-nitrophenol. The resultant p-nitrophenol is furthermore directly proportional to 

the catalytic activity of alkaline phosphatase. Additionally, for the quantitative 

determination of serum calcium, calcium ions readily react with 5-nirto-5’methyl-

BAPTA (NM-BAPTA) to form a complex. This complex formation takes place under 

alkaline conditions. The newly formed complex reacts with EDTA and the change in 

absorbance is noted as directly proportional to the concentration of calcium (Cobas 

Intgra 400 plus Roche, Basel Switzerland). 

It is well established that hyperlipidemia is a growing problem and a potential risk factor 

for various metabolic and cardiovascular ailments.37, 38 It has been documented that 

changes in lipid levels such as high cholesterol and low-density lipoproteins are one 

of the most imperative and prominent factors in the aetiology of CVD.39 

Low-density lipoproteins are usually prominent in the arterial endothelium which, when 

elevated, accumulate in the intimal space where oxidised.40 Thus, lipid profiles 

(triglycerides, high-density lipoproteins, low density lipoproteins and total cholesterol) 

were determined in serum (Cobas Integra 400 plus Roche, Basel Switzerland). 

Increased oxidative stress are known to impair endothelial function thus increasing 

systemic pro-inflammatory and fibrogenic factors possibly triggering a sequence of 

mechanisms involved in the development of CVD.40 C-reactive protein has emerged 

as a strong predictor of CVD risk in some studies thus prompting some to suggest that 

C-reactive protein should be a routine clinical assessment measure. Systemic 

inflammation as well as oxidative stress are considered to be non-traditional risk 
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factors for the development of CVD.40 Moreover, oxidative stress may induce and 

result from, endothelial dysfunction and injury due to the endothelium being a source 

and a target of oxidants.40 Reactive oxygen species, namely serum peroxides (BioTek, 

Winooski, VT, USA) as well as glutathione peroxidase (Randox, Crumlin, UK on Cobas 

Integra 400 plus Roche, Basel Switzerland) were measured.41 Additionally, high 

sensitive C-reactive protein were determined in serum (Cobas Integra 400 plus Roche, 

Basel Switzerland). 

Blood serum levels are used to determine cystatin-C and creatinine concentrations 

determined in serum (Cobas Integra 400 plus Roche, Basel Switzerland). Cystatin-C 

and serum creatinine were then used to determine an estimated glomerular filtration 

rate (eGFR). With the use of the Chronic Kidney Disease Epidemiology (CKD-EPI) 

formula, estimated glomerular filtration rate (eGFR) was calculated. By multiplying the 

serum creatinine (mg/dl) with 88.4, serum creatinine is converted to the unit mol/l and 

used in the following calculation in the determination of eGFR:42 

Formula 6: 𝑒𝐺𝐹𝑅 = (130𝑖𝑓 𝑓𝑒𝑚𝑎𝑙𝑒 𝑎𝑛𝑑 135 𝑖𝑓 𝑚𝑎𝑙𝑒) × min(𝑆𝑐𝑟/ 𝑘, 1)𝛼 ×

max in(𝑆𝑐𝑟/ 𝑘, 1)𝛼−0.601 min (Cys/0.8,1)−1.328 × 0.993𝐴𝑔𝑒 × 1.018 [if female] ×

1.159[if black]  

Where 𝑆𝑐𝑟 is serum creatinine; 𝐶𝑦𝑠 is cystatin-C; 𝑘 = 61.88 for females and 79.85 for 

males; 𝛼 = −0.248 for females and −0.207 for males. 

Lifestyle risk factors such as diet, cigarette usage, and alcohol consumption have been 

known to strongly influence the progression of CVD and affect several pathways such 

as oxidative stress and endothelial dysfunction. A 5-year prospective study showed 

24% of black South Africans developed hypertension within 5 years, especially due to 

modifiable risk factors including alcohol and cigarette abuse.43 

Gamma glutamyl-transferase (GGT) is an enzyme located on the outer surface of the 

membranes and is involved in the clinical use as a test of alcohol abuse.44 

Furthermore, it is also well known that cotinine (a stable metabolite of nicotine) 

increased the risk of coronary heart disease. Thus, both GGT (Cobas Integra 400 plus 

Roche, Basel Switzerland) and serum cotinine levels were determined. Serum cotinine 
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levels were determined with Chemiluminescence method on the Immulite (Siemens, 

Erlangen, Germany). 

2.6 Statistical analyses 

We performed our statistical analyses using IBM®, SPSS® version 24 (IBM 

Corporation, Armonk, New York). We tested all variables used in the statistical 

analysis for normality by visual inspection of histograms and also reviewing the 

coefficients of skewness and kurtosis. In the event of non-Gaussian distribution, we 

performed a logarithmic transformation for each skewed variable (glucose, cotinine, 

gamma glutamyltransferase, low-density lipoprotein cholesterol, triglycerides, reactive 

oxygen species, glutathione peroxidase, and c-reactive protein). Data was expressed 

as mean ± standard deviation if normally distributed and as geometric mean with 5th 

and 95th percentile boundaries for logarithmic transformed variables. 

We performed a comparison between the ethnic groups by the use of independent T-

tests. Chi-square tests were conducted to compare proportions between groups. 

Pearson- and partial correlations were conducted to explore the relationship between 

variables associated with cardiac structure (relative wall thickness) and function, 

(ejection fraction, fractional shortening, cardiac index and stroke index) with markers 

of vascular calcification (alkaline phosphatase and calcium). Independent associations 

between cardiovascular structure and function with markers of vascular calcification 

were done by means of multiple linear regression analyses after adjusting for 

covariates, which included age, sex, body mass index, systolic blood pressure, 

estimated glomerular filtration rate and activity energy expenditure. 

We furthermore performed a sensitivity analyses to assess the contribution of markers 

of inflammation (C-reactive protein) and oxidative stress (glutathione peroxidase) on 

the associations of cardiac structure (relative wall thickness) and function (ejection 

fraction, fractional shortening, cardiac index and stroke index) with markers of vascular 

calcification (calcium and alkaline phosphatase). Several multiple regression models 

were built without taking markers of oxidative stress and inflammation into account. 

We then added either a marker of oxidative stress, inflammation or both to test whether 

the associations remained robust.  
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2.7 Student contribution 

I was involved in the initial screening phase of the African-PREDICT study. In terms 

of the African-PREDICT initial screening, I was responsible for urine analysis, 

cholesterol and glucose testing as well as blood pressure measures and blood 

grouping. I am currently involved in the Exercise; Arterial Modulation and Nutrition in 

Youth South Africa (EXAMIN Youth SA) study in which I am responsible and 

competent in pulse wave analysis with the use of the validated, oscillometric Mobil-o-

Graph monitor (I.E.M. GmbH, Germany) with integrated ARCSolver software. 
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• The original article must indicate a study of high scientific quality with interest 

to diverse readership of the journal. The article should be no more than 5000 

words including the abstract but excluding references.  

• The manuscript should include the following sections, each starting on a new 

page: title, abstract and keywords, text (introduction, methodology, results and 

discussion), conflict of interest, references, table and figure captions. 

• The title page should include an informative title, the first and last names and 

other initials of all authors, as well as their affiliations. The title page should also 

contain the full contact details of the corresponding author. 

• An abstract of no more than 250 words must be provided. Abbreviations and 

reference citations within the abstract should be avoided. The abstract should 

be followed by 3-5 keywords arranged in alphabetical order. 

• References should be numbered consecutively in the order in which they first 

appear and indicated by a superscript. Each reference should be numbered 

individually and listed at the end of the manuscript. 
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Abstract 

Objectives: Vascular compromise is known to impact on cardiac structure and 

function in elderly and diseased populations. We aimed to explore whether 

associations of left ventricular relative wall thickness and systolic function exists with 

biomarkers related to vascular calcification in young healthy South Africans.  

Methods: We included 160 black and 175 white men and women between 20–30 

years old. We assessed blood pressure measures, echocardiography measures 

(relative wall thickness and systolic function). Biochemical analyses included amongst 

others alkaline phosphatase and calcium. 

Results: Blood pressure measures (all p≤0.001) presented higher in the black group 

compared to their white counterparts. Although intima media thickness was found 

comparable between the groups, relative wall thickness present higher in the black 

group. Furthermore, higher levels of alkaline phosphatase were also evident in the 

black group (p<0.001). Single, partial and multiple regression analyses indicated that 

only in the black group, relative wall thickness was independently associated with 

alkaline phosphatase (adj. R2=0.030; β=0.176; p=0.037) whereas in white group, 

systolic function markers including cardiac (adj. R2=0.403; β=–0.141; p=0.021) and 

stroke (adj. R2=0.353; β=–0.147; p=0.019) indices inversely associated with calcium. 

Furthermore, stroke index associated inversely with alkaline phosphatase (adj. 

R2=0.354; β=–0.172; p=0.016) in the white group only. 

Conclusion: Our results suggest that even at young ages, early vascular calcification 

mediators may contribute to impaired cardiac load and could prematurely escalate in 

future cardiac compromise. 

Keywords: Alkaline phosphatase, calcium, cardiovascular disease, ethnicity, 

mineralisation, vascular calcification 
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3.1 Introduction 

Over several decades, the presence of vascular calcification was seen as a passive 

degenerative process associated with aging.1,2 Reports increasingly recognise 

vascular calcification as an active, regulated process which may be modifiable.3, 4 

Vascular calcification in particular is an important cause of decreased vascular 

compliance, partly due to age.5 Vascular calcification denotes the deposition of calcium 

phosphate mineral (hydroxyapatite) in various cardiovascular tissues including 

arteries, heart values and cardiac muscle.6 Several factors have been linked to 

increased prevalence of vascular calcification including increased oxidative stress, 

inflammation, diabetes mellitus and hypertension.7 

Experimental studies have reported vascular calcification to also associate with elastin 

degradation which may in turn initiate smooth muscle cell and dermal fibroblast 

conversion into osteoblast-like cells.8-10 When smooth muscle cells gain osteoblast-like 

characteristics, an increased amount of alkaline phosphatase is expressed.11, 12 

Biomarkers of mineral metabolism namely alkaline phosphatase, calcium, parathyroid 

hormone and serum phosphates have been known to associate with adverse 

cardiovascular effects.13, 14 In older individuals (above 60 years of age) gradually 

enlarged deposits of calcium occur within almost all major arteries,15 which may result 

in a reduction in aortic and arterial compliance. Reduced aortic and arterial compliance 

increase the after-load on the heart and may consequently contribute to adverse 

alterations in cardiac structure and function.16 Furthermore, previous findings from the 

prospective Rotterdam Study reported that the presence of aortic calcium, carotid 

plaques and an increased intima media thickness predicted the incidence of 

myocardial infarction.17 

Vascular compromise is known to impact on cardiac structure and function especially 

in the elderly and diseased populations. The links of cardiac structure and function with 

particular markers related to vascular calcification including alkaline phosphatase and 

calcium in young healthy individuals is unclear. We therefore aimed to explore whether 

associations of left ventricular relative wall thickness and systolic function exist with 

biomarkers related to vascular calcification in young South Africans. 

  



 

55 | P a g e  
 

3.2 Methodology 

This study formed part of the larger African prospective study on early detection and 

identification of cardiovascular disease and hypertension (African-PREDICT). 

Inclusion criteria were apparently healthy black and white men and women (20-30 

years old) from the surrounding Potchefstroom area, with a blood pressure within 

normal range (<140/90 mmHg), no apparent cardiovascular disease (CVD), no 

reported chronic illness/disease (human immunodeficiency virus (HIV), diabetes 

mellitus, liver disease, cancer, tuberculosis or renal disease), not currently consuming 

any chronic medication as well as not pregnant nor breastfeeding. In this cross-

sectional study, we included black (n=160) and white (n=175) men and women after 

the exclusion of participants who presented with missing variables of interest (n= 61). 

This study was approved by the Health Research Ethics Committee of the North-West 

University (Potchefstroom campus) and conformed to the ethical guidelines of the 

Declaration of Helsinki (revised in 2008) for investigation of human participants.  

Anthropometric measures and physical activity 

Body height (m) (SECA 213 Portable Stadiometer; SECA, Hamburg, Germany), 

weight (kg) (SECA 813 Electronic Scales; SECA, Hamburg, Germany) and waist 

circumference (cm) (Lufkin Steel Anthropometric Tape; W606PM; Lufkin; Apex; USA) 

were obtained using a standard protocol.18 Body mass index (BMI) (weight (kg) / height 

(m²)) and body surface area (BSA) (m²) were additionally calculated.19 Activity energy 

expenditure was determined for each participant using the ActiHeart device 

(CamNtech Ltd., England, UK) and indexed by weight, expressed as kCal/kg/day. The 

ActiHeart device was worn for a maximum of 7 days. 

Blood pressure measures  

Duplicate brachial blood pressure measurements were taken on both arms of the 

participants with a 5-minute resting interval while they remained in a rested seating 

position with the approximately sized GE Critikon latex-free Dura-Cuff. Blood pressure 

measures were obtained using Dinamap® ProCare 100 Vital Signs Monitor (GE 

Medical Systems, Milwaukee, USA). A mean of the left arm clinical blood pressure 
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measures aided in obtaining systolic blood pressure, diastolic blood pressure and heart 

rate. Mean arterial pressure was calculated using the following formula, (diastolic 

blood pressure) / (0.4*pulse pressure).20 

Echocardiography and carotid ultrasound 

A standard transthoracic echocardiography procedure was performed for each 

participant using the General Electric Vivid E9 device (GE Vingmed Ultrasound A/S; 

Hearten, Norway), a 2.5–3.5 MHz transducer and a 3-lead ECG. To determine relative 

wall thickness (RWT), the following calculation was used: (2*posterior wall thickness) 

/ (left ventricular internal diameter at end diastole).21 Stroke volume (mL/beat) was 

determined and normalised for height in the power of 2.04 as the stroke index.22,23 By 

multiplying the stroke volume with heart rate, cardiac output was calculated and 

indexed by height to the power 1.83 and expressed as (L/min/m1.83).24 Using standard 

methods, endocardial fractional shortening (also fractional shortening) was 

determined.24,25 Left ventricular ejection fraction was calculated using left ventricular 

end-diastolic and end-systolic volume estimates derived from acquired 2D images 

according to the biplane method.26 

Carotid intima media thickness was derived from the use of B-mode ultrasonography 

in which the walls of the left common carotid artery were measured (General Electric 

Vivid E9, GE Vingmed Ultrasound A/S, Horten, Norway). Digitised images were 

imported in the Artery Measurement System software (Gustavvson, Sweden) for 

determining the intima media thickness of the near and far walls of both carotid 

arteries.27 The intima media thicknesses were combined into a mean for further 

statistical analysis. 

Biochemical analyses 

Participants were required to fast approximately 8 hours prior to the collection of 

biological samples. Biological samples (serum plasma, whole blood and urine) were 

prepared according to standard procedures and stored at –80°C until analysis.  

Basic serum analyses included lipids (triglycerides, high density lipoprotein 

cholesterol, low density lipoprotein cholesterol and total cholesterol), gamma 
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glutamyltransferase, high sensitivity C-reactive protein, creatinine, alkaline 

phosphatase, and calcium (Cobas Integra 400 plus Roche, Basel Switzerland). The 

ratio of total cholesterol to high density lipoprotein cholesterol was additionally 

calculated. Serum cotinine levels were determined with a chemiluminescence method 

on the Immulite (Siemens, Erlangen, Germany). Plasma glucose was determined from 

blood processed in sodium fluoride plasma (Siemens, Erlangen, Germany). The intra-

assay variability and inter-assay variability of all variables were below 10%. Cotinine 

presented with 10.7% low concentration and 5.5% high concentration intra-assay 

variation.  

Glutathione peroxidase, a marker of oxidative stress was determined in whole blood 

(Randox, Crumlin, UK on Cobas Integra 400 plus Roche, Basel Switzerland) with an 

intra-assay variability and inter-assay variability below 10%. One of the measurable, 

reactive oxygen species serum peroxides was also determined in serum (BioTek, 

Winooski, VT, USA) with an intra-assay variability of 9.68% and inter-assay variability 

of 10.2%.  

Questionnaires 

General health questionnaires were used to evaluate demographics (age and locality), 

self-reported cigarette and alcohol usage, employment information, skill level, 

household income as well as medication usage. The socio-economic status of each 

participant was calculated using a point system that was adapted from Kuppuswamy’s 

Socioeconomic Status Scale for a South African environment.28 Each participant’s 

socio-economic score was categorised into one of three categories. Skill level, 

education and household income were categorised into low, middle and high socio-

economic groups. 

Statistical analyses 

For database management and statistical analyses, IBM®, SPSS® version 24 (IBM 

Corporation, Armonk, New York) was used. We tested for an interaction of ethnicity 

on the association between our markers of cardiovascular structure and function 

(intima media thickness, relative wall thickness, ejection fraction, fractional shortening, 

cardiac index and stroke index) and vascular calcification (alkaline phosphatase and 
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calcium). Variables were tested for normality using the Kolmogorov-Smirnov test and 

QQ-plots. Non-Gaussian variables were logarithmically transformed. Data was 

expressed as mean ± standard deviation if normally distributed and as geometric 

mean with 5th and 95th percentile boundaries for logarithmic transformed variables.  

For comparisons between ethnic groups, independent T-tests were used. Chi-square 

tests were conducted to compare proportions between groups. The correlation of 

cardiac structure and function with markers of vascular calcification were explored 

using Pearson- and partial correlations. Standard multiple regression analyses were 

conducted in which each dependent variable was separately tested for its association 

with markers of vascular calcification. Covariates considered for entry in the multiple 

regression models included age, body mass index, systolic blood pressure, estimated 

glomerular filtration rate (eGFR) and activity energy expenditure.  

Sensitivity analyses were performed to assess the contribution of markers of 

inflammation (C-reactive protein) and oxidative stress (glutathione peroxidase) to the 

associations of the relative wall thickness, intima media thickness, ejection fraction, 

fractional shortening cardiac index and stroke index with markers of vascular 

calcification (calcium and alkaline phosphatase). 

3.3 Results 

We found significant interactions of ethnicity on the associations of markers of cardiac 

structure (relative wall thickness) and function (ejection fraction, cardiac index and 

stroke index) with markers of vascular calcification (calcium and alkaline 

phosphatase), as seen in Supplementary Table 1. 

The characteristics of the study population stratified by ethnicity are presented in Table 

1. Despite the mean ages of the black group being younger than their white 

counterparts (p=0.001), the black group presented with higher relative wall thickness 

(p<0.001) and blood pressure measures (all p≤0.001), but lower cardiac and stroke 

indices (both p≤0.001) than the white group. Intima media thickness, ejection fraction 

and fractional shortening were all similar between black and white groups. The black 

group presented with higher levels of alkaline phosphatase (p<0.001) compared to the 

white group, whereas calcium levels were comparable between these groups. 
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TABLE 1: General characteristics of the study population stratified according to 

ethnicity 

 Black 
(n= 160) 

White 
(n= 175) 

p value 

Age (years) 24.31 ± 3.38 25.49 ± 2.83 0.001 

Sex male (%) 46.25 41.14  

Body composition     

  Height (cm) 164.40 ± 7.95 172.06 ± 8.59 <0.001 

  Weight (kg) 65.76 ± 13.21 76.72 ± 20.00 <0.001 

  Waist circumference (cm) 77.18 ± 10.86 81.86 ± 15.00 0.001 

  Body mass index (kg/m²) 24.47 ± 5.47 25.76 ± 5.71 0.036 

  Body surface area (m²) 1.72 ± 0.18 1.90 ± 0.27 <0.001 

Cardiovascular measures     

  Left intima media thickness (mm) 0.44 ± 0.07 0.44 ± 0.07 0.422 

  Systolic blood pressure (mmHg) 120 ± 12 115 ± 13 0.001 

  Diastolic blood pressure (mmHg) 80 ± 9 77 ± 8 <0.001 

  Mean arterial pressure (mmHg) 95 ± 9 92 ± 9 <0.001 

  Relative wall thickness (cm) 0.36 ± 0.07 0.33 ± 0.06 <0.001 

Systolic function    

  Ejection fraction (%) 68.20 ± 6.60 67.29 ± 6.56 0.205 

  Fractional shortening (%) 38.27 ± 5.27 37.85 ± 5.09 0.462 

  Cardiac index (L/min/m1.83) 5.12 ± 1.22 5.80 ± 1.43 <0.001 

  Stroke index (ml/m2.04) 67.33 ± 15.76 78.63 ± 18.80 <0.001 

Biochemical measures    

  Calcium (mmol/L) 2.31 ± 0.15 2.31 ± 0.15 0.801 

  Alkaline phosphatase (U/L) 72.64 ± 20.97 62.38 ± 19.14 <0.001 

  Glucose (mmol/L) 3.73 ((2.76 – 5.25) 4.43 (3.49 – 5.53) 0.003 

  Total cholesterol (mmol/L) 3.84 ± 0.84 4.76 ± 1.02 <0.001 

  Low density lipoprotein cholesterol 
(mmol/L) 

2.29 (1.26 – 3.87) 2.95 (1.73 – 4.80) <0.001 

  Triglycerides (mmol/L) 0.77 (0.40 -1.58) 0.97 (0.44 – 2.16) <0.001 

  Reactive oxygen species (mg/L H2O2) 179.39 (94.12 – 328.32) 164.55 (83.64 – 371.71) 0.052 

  Glutathione peroxidase (U/L) 18.47 (14.83 – 20.66) 19.80 (17.56 – 21.78) <0.001 

  C-Reactive Protein (mg/L) 1.28 (0.14 – 9.34) 1.07 (0.12 – 40.73) 0.221 

  eGFR (ml/min/1.73m²) 120.90 ± 13.90 106.64 ± 14.23 <0.001 

Lifestyle risk    

  Cotinine (ng/ml) 4.95 (1 – 321.74) 2.71 (1 – 256.45) 0.013 

  Gamma-glutamyl transferase (U/L) 26.13 (10.51 – 89.87) 17.63 (6.98 – 51.88) <0.001 

  Activity Energy Expenditure (kCal/Kg/day) 6.86 ± 2.81 5.90 ± 2.87 0.002 

  Socio-economic score  17.71 ± 5.68 25.01 ± 5.02 <0.001 

Values are arithmetic mean ± standard deviation or geometric mean (5th and 95th percentiles) for 

logarithmically transformed variables. Abbreviations: eGFR – estimated glomerular filtration rate. 
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In single and partial regression analyses (adjusted for age, sex and body mass index), 

relative wall thickness associated positively with alkaline phosphatase in the black 

group only (r=0.173; p=0.030). In the white group, diastolic blood pressure (r=0.184; 

p=0.016) and mean arterial pressure (r=0.164; p=0.031) positively associated with 

alkaline phosphatase. Cardiac index inversely associated with calcium (r=–0.190; 

p=0.013) and alkaline phosphatase (r=–0.150; p=0.050) in the white group, as well as 

with calcium (r=–0.197; 0.014) in the black group. Additionally, an inverse association 

existed between stroke index and calcium in the black (r=–0.185; p=0.020) and white 

(r=–0.190; p=0.012) group. In the white group only, stroke index was inversely 

associated with alkaline phosphatase (r=–0.204; p=0.007). 
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TABLE 2: Partial correlations of cardiovascular measures with markers of vascular calcification of the study population stratified by 

ethnicity  

 Calcium (mmol/L) Alkaline Phosphatase (U/L) 

 Black 
(n= 160) 

White 
(n= 175) 

Black 
(n= 160) 

White 
(n= 175) 

Cardiovascular structure & function         

 Left intima media thickness (mm) r= 0.083; p= 0.299 r= 0.084; p= 0.272 r= –0.109; p= 0.175 r= –0.077; p= 0.317 

 Systolic blood pressure (mmHg) r= 0.060; p= 0.456 r= 0.114; p= 0.136 r= –0.024; p= 0.764 r= 0.094; p= 0.220 

 Diastolic blood pressure (mmHg) r= 0.122; p= 0.126 r= 0.092; p= 0.228 r= –0.150; p= 0.061 r= 0.184; p= 0.016 

 Mean arterial pressure (mmHg) r= 0.076; p= 0.344 r= 0.075; p= 0.331 r= –0.112; p= 0.164 r= 0.164; p= 0.031 

 Relative wall thickness (cm) r= 0.049; p= 0.542 r= –0.056; p= 0.466 r= 0.173; p= 0.030 r= 0.079; p= 0.301 

 Ejection fraction (%) r= –0.170; p= 0.033 r= –0.012; p= 0.878 r= 0.018; p= 0.826 r= –0.187; p= 0.014 

 Fractional shortening (%) r= –0.191; p= 0.017 r= –0.016; p= 0.838 r= 0.006; p= 0.941 r= –0.176; p= 0.021 

 Cardiac index (L/min/m1.83) r= –0.197; p= 0.014 r= –0.190; p= 0.013 r= 0.017; p= 0.835 r= –0.150; p= 0.050 

 Stroke volume index (ml/m2.04) * r= –0.185; p= 0.020 r= –0.190; p= 0.012 r= –0.056; p= 0.484 r= –0.204; p= 0.007 

Biochemical measures         

 Glucose (mmol/L) r= –0.012; p= 0.881 r= 0.107; p= 0.164 r= 0.074; p= 0.359 r= 0.029; p= 0.706 

 Total cholesterol (mmol/L) r= 0.330; p<0.001  r= 0.218; p= 0.004 r= –0.048; p= 0.548 r= –0.002; p= 0.978 

 Low density lipoprotein cholesterol (mmol/L) r= 0.291; p<0.001  r= 0.196; p= 0.010 r= 0.051; p= 0.524 r= –0.043; p= 0.579 

 Triglycerides (mmol/L) r= 0.228; p= 0.004 r= 0.100; p= 0.191 r= 0.045; p= 0.577 r= 0.104; p= 0.175 

 eGFR (ml/min/1.73m²) r= –0.274; p= 0.001 r= –0.055; p= 0.470 r= 0.172; p= 0.031 r= –0.137; p= 0.072 

 Reactive oxygen species (mg/L H2O2) r= –0.128; p= 0.110 r= –0.143; p= 0.061 r= 0.046; p= 0.571 r= 0.048; p= 0.533 

 Glutathione peroxidase (U/L) r= –0.193; p= 0.016 r= 0.278; p<0.001 r= –0.215; p= 0.007 r= –0.056; p= 0.464 

 C-Reactive Protein (mg/L) r= 0.005; p= 0.949 r= –0.074; p= 0.332 r= 0.104; p= 0.193 r= 0.184; p= 0.015 

Lifestyle risk         

 Cotinine (ng/ml) r= –0.080; p= 0.322 r= –0.157; p= 0.040 r= 0.047; p= 0.561 r= –0.049; p= 0.524 

 Gamma-glutamyl transferase (U/L) r= 0.175; p= 0.029 r= 0.025; p= 0.745 r= 0.070; p= 0.382 r= 0.231; p=0.002  

 Activity Energy Expenditure (kCal/Kg/day) r= –0.015; p= 0.850 r= 0.080; p= 0.301 r= 0.081; p= 0.317 r= 0.027; p= 0.729 

 Socio-economic score r= –0.036; p= 0.651 r= 0.092; p= 0.228 r= –0.167; p= 0.037 r= –0.087; p= 0.254 

Adjusted for age, sex and body mass index. *Stroke index additionally adjusted for waist circumference. Abbreviations: n – number of participants, eGFR – 

estimated glomerular filtration rate.  
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In multiple regression analysis (Table 3), we found a consistent positive association 

between relative wall thickness and alkaline phosphatase in the black group only (adj. 

R2=0.030; β=0.176; p=0.037). Cardiac index inversely associated with calcium in both 

the black (adj. R2=0.096; β=–0.181; p= 0.031) and white (adj. R2=0.403; β=–0.141; 

p=0.021) groups. BMI contributed to the association between cardiac index and 

calcium in both black (adj. R2=0.096; β=0.294; p=0.003) and white (adj. R2=0.403; 

β=0.491; p<0.001) groups. Furthermore, stroke index associated inversely with 

calcium in both the black (adj. R2=0.165; β=–0.161; p=0.046) and white groups (adj. 

R2=0.353; β=–0.147; p=0.019). In the white group only, stroke index associated 

inversely with alkaline phosphatase (adj. R2=0.354; β=–0.172; p=0.016). Both sex and 

waist circumference contributed to the association between stroke index and calcium 

in both the black (sex: β=0.365; p<0.001; waist circumference: β=–0.253; p=0.027) 

and white (sex: β=0.309; p=0.001; waist circumference: β=–0.368; p<0.001) groups 

as well as to the association between stroke index and alkaline phosphatase in the 

white group only (sex: β=0.301; p=0.001; waist circumference: β=–0.253; p=0.027). 
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TABLE 3: Standard multiple regression analyses of cardiovascular measures with markers of vascular calcification 

 Calcium (mmol/L) Alkaline Phosphatase (U/L) 

 Adjusted R² Std β (95 % Cl) p value Adjusted R² Std β (95 % Cl) p value 

Relative wall thickness (mm) 
Black (n=160) –0.001 0.050 (–0.119; 0.218) 0.561 0.030 0.176 (0.011; 0.340) 0.037 
White (n=175) 0.019 –0.074 (–0.226; 0.078) 0.338 0.008 0.060 (–0.114; 0.233) 0.498 
Ejection fraction (%) 
Black (n=160) 0.042 –0.125 (–0.289; 0.040) 0.136 0.025 –0.120 (–0.177; 0.153) 0.888 
White (n=175) 0.058 0.002 (–0.147; 0.151) 0.982 0.083 –0.208 (–0.375; –0.041) 0.015 
Fractional shortening (%) 
Black (n=160) 0.047 –0.148 (–0.312; 0.016) 0.077 0.024 –0.025 (–0.189; 0.140) 0.769 
White (n=175) 0.081 0.001 (–0.146; 0.149) 0.987 0.103 –0.195 (–0.360; –0.030) 0.021 
Cardiac index (L/min/m1.83) 
Black (n=160) 0.096 –0.181 (–0.345; –0.017) 0.031 0.070 –0.021 (–0.181; 0.139) 0.793 
White (n=175) 0.403 –0.141 (–0.260; –0.021) 0.021 0.385 –0.105 (–0.238; 0.028) 0.120 
Stroke index (ml/m2.04) 
Black (n=160) 0.165 –0.161 (–0.319; –0.003) 0.046 0.146 –0.061 (–0.216; 0.094) 0.440 
White (n=175) 0.353 –0.147 (–0.271; –0.024) 0.019 0.354 –0.172 (–0.311; –0.032) 0.016 

Variables included in the models were: age, sex, body mass index, systolic blood pressure, total cholesterol to high density lipoprotein cholesterol ratio, 

gamma-glutamyl transferase, activity energy expenditure and estimated glomerular filtration rate. In the models with stroke index as a dependent variable, 

waist circumference was additionally added as a covariate. Abbreviations: n – number of participants 
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Sensitivity analysis 

To investigate whether our associations of markers of cardiac structure (relative wall 

thickness) and function (ejection fraction, fractional shortening, cardiac index and 

stroke index) with vascular calcification markers (alkaline phosphatase and calcium) 

are dependent on oxidative stress (glutathione peroxidase) and/or inflammation (C-

reactive protein), we included both variables in the same multiple regression model 

(Supplementary Table 3). By doing so, all significant associations as reported in the 

previous multiple regression analyses persisted, and neither glutathione peroxidase 

nor C-reactive protein were significant in these models.  

3.4 Discussion  

Our study explored the links between markers of cardiac structure and function with 

vascular calcification in a young and healthy cohort. We found adverse associations 

between markers of systolic function with both alkaline phosphatase and calcium in 

both of our study groups. We also found relative wall thickness to associate with 

alkaline phosphatase in the black group only. 

Both relative wall thickness and alkaline phosphatase presented higher in the black 

study group when compared to their white counterparts. Although not abnormally high, 

increased relative wall thickness is known to indicate potential concentric remodelling 

or hypertrophy.29 Additionally, vascular calcification is known to drastically reduce 

aortic and arterial elastance therefore impairing cardiovascular hemodynamics 

ultimately resulting in vascular compromise.30 As a result of the latter, a reduction in 

coronary perfusion, the development of left ventricular hypertrophy and adverse 

remodelling of left ventricular geometry is inevitable.31 Thus, the independent 

relationship of relative wall thickness with alkaline phosphatase, may suggest 

premature cardiovascular compromise in black South Africans. Furthermore, this 

association may contribute to the high cardiovascular risk known to be present in black 

population groups.32 

Findings from previous South African studies indicated early cardiovascular 

deterioration in black South African populations.32, 33 However in the present study, 

associations of markers of systolic function with vascular calcification markers were 
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indicated in both the black and white study groups. Furthermore, previous findings 

have also concluded that black populations may in fact be predisposed to the 

development of vascular calcification.32, 33 It is worthwhile mentioning that in both the 

above mentioned South African studies, both sick and healthy participants were 

included. Thus, in accordance to the inclusion criteria as outlined in the African-

PREDICT study, this may be the underlying factor as to why we see these findings in 

both our study groups. 

Many theories have been proposed to explain the pathogenesis of vascular 

calcification. However, a complete and satisfactory explanation as to the possible 

trigger to this manifestation amongst an apparently healthy population is lacking. The 

independent inverse association seen between markers of systolic function and both 

alkaline phosphatase and calcium seen in both study groups may suggest the early 

onset of vascular calcification amongst our younger study participants. In disease 

states such as chronic kidney disease, vascular calcification plays a role to facilitate 

renal insufficiency thus resulting in systolic dysfunction; however, the evidence 

supporting this notion in a generally healthy cohort with a normal kidney function is 

stunted.34,35 

In both the black and white study groups, ejection fraction as well as both cardiac and 

stroke indices associated inversely with calcium. Higher levels of calcium may promote 

a decline in systolic function markers. However, systolic function is typically preserved 

until a much later age. This may suggest that early changes in calcium mineralisation 

could contribute to long term changes in left ventricular systolic function. Our results 

further suggest that male sex and waist circumference (abdominal obesity) could be 

mediating these associations. 

At a molecular level, recent insights into the factors regulating mineralisation provide 

greater appreciation of its complexity. The process of mineralisation is limited to 

tissues that express both type 1 collagen and alkaline phosphatase.36 These 

components adhere as mineral deposits in the process of calcific atherosclerotic 

development.37 Thus, in the event of co-expression of these proteins, ectopic 

calcification is induced. Ectopic mineralisation is confined to adverse calcification 

taking place in the blood vessel walls. Membrane bound alkaline phosphatase will thus 

reduce inhibitor pyrophosphate expression and contribute to hydroxyapatite 
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formation.38 However, due to the presence of ectopic calcification, phosphates are 

readily taken up by means of a positive feedback mechanism resulting in osteoblast 

conversion as well as the onset of vascular calcification.39, 40 These newly formed cells 

may be accountable for the pathological calcification therefore increasing the risk of 

CVD and mortality as seen in the black South African population.41, 42 Although the 

above-mentioned mechanism is only speculative, the association between relative 

wall thickness and alkaline phosphatase in our healthy cohort, corroborates the 

possibility for alterations in cardiac structure thus resulting in cardiovascular 

compromise. 

Whether the associations reported are merely an indication of the environmental or 

traditional risk factors contributing to the development of CVD, or whether black South 

African populations are more susceptible to the early onset of adverse mineralisation 

remain unclear. We can however conclude that our findings are independent of 

inflammation (C-reactive protein) and/or oxidative stress (glutathione peroxidase). 

Furthermore, the association between a marker of cardiovascular alteration (relative 

wall thickness) and a marker of vascular calcification (alkaline phosphatase) amongst 

this population may require imperative intervention to reduce the ever-increasing 

tendency of cardiovascular morbidity and mortality resulting from vascular 

calcification.  

The findings of our study should be interpreted within the context of its strengths and 

limitations. The essential aim of the longitudinal African-PREDICT study is to 

comprehend the premature pathophysiological alterations in young individuals as part 

of hypertension development. Our study is the first to explore the links between cardiac 

structure and function with markers of vascular calcification in a young healthy cohort. 

This study was well designed and performed under controlled conditions. Although 

coronary artery calcium scoring remains a robust measure for ectopic calcification, our 

study population was young and therefore coronary artery calcium scoring could not 

be justified. Reliable biomarkers of mineralisation were used instead to contribute to 

our understanding in the potential early changes in alkaline phosphatase and calcium 

levels that could contribute to cardiac compromise. Due to the fact that this was a 

cross-sectional study, cause and effect cannot be implied. Furthermore, the study 
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population cannot be regarded as a representative of the general South African 

population.  

In conclusion, we observed adverse associations between markers of cardiac 

structure and function with markers of vascular calcification in young healthy 

individuals. Our results suggest that in young adulthood, cardiac structure and function 

could be compromised due to potential adverse mineralisation mediated by male sex 

and abdominal obesity. These findings are clinically relevant and need confirmation in 

larger prospective studies. 
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SUPPLEMENTARY TABLE 1: Interactions of ethnicity on the associations of markers of 

cardiovascular structure and function 

 Calcium (mmol/L) Alkaline phosphatase (U/L) 

 Ethnicity  Ethnicity  

Intima media thickness (mm) p= 0.290 p= 0.779 

Relative wall thickness (mm) p<0.001 p= 0.001 

Ejection fraction (%) p= 0.223 p= 0.020 

Fractional shortening (%) p= 0.461 p= 0.074 

Cardiac index (L/min/m1.83) p<0.001 p<0.001 

Stroke index (ml/m2.04) p<0.001 p<0.001 
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SUPPLEMENTARY 2: Pearson correlation of cardiovascular measures with markers of vascular calcification of the study population 

stratified by ethnicity 

 Calcium (mmol/L) Alkaline phosphatase (U/L) 

 Black 
(n= 160) 

White 
(n= 175) 

Black 
(n= 160) 

White 
(n= 175) 

 Age (years) r= –0.214;  p= 0.007 r= –0.020; p= 0.788 r= –0.135; p= 0.088 r= –0.005; p= 0.953 
 Height (cm) r= –0.029;  p= 0.718 r= 0.072; p= 0.341 r= 0.048; p= 0.544 r= 0.251; p= 0.001 

 Weight (kg) r= –0.094;  p= 0.236 r= –0.021; p= 0.786 r= 0.116; p= 0.143 r= 0.405; p<0.001 

 Waist circumference (cm) r= –0.096;  p= 0.228 r= 0.006; p= 0.935 r= 0.139; p= 0.080 r= 0.423; p<0.001 

 Body mass index (kg/m²) r= –0.077;  p= 0.331 r= –0.059; p= 0.441 r= 0.087; p= 0.272 r= 0.378; p<0.001 

 Body surface area (m²) r= –0.101;  p= 0.204 r= 0.006; p= 0.933 r= 0.103; p= 0.193 r= 0.415; p<0.001 

 Left intima media thickness (mm) r= 0.096;    p= 0.226 r= 0.115; p= 0.131 r= –0.104; p= 0.192 r= –0.105; p= 0.165 

 Systolic blood pressure (mmHg) r= 0.056;    p= 0.481 r= 0.125; p= 0.098 r= 0.036; p= 0.648 r= 0.344; p<0.001 

 Diastolic blood pressure (mmHg) r= 0.085;    p= 0.288 r= 0.091; p= 0.230 r= –0.135; p= 0.088 r= 0.356; p<0.001 

 Mean arterial pressure (mmHg) r= 0.043;    p= 0.586 r= 0.091; p= 0.233 r= –0.078; p= 0.328 r=0.372 p<0.001 

 Relative wall thickness (cm) r= 0.055;    p= 0.489 r= –0.063; p= 0.404 r= 0.188; p= 0.018 r= 0.129; p= 0.090 

 Ejection fraction (%) r= –0.147;  p= 0.063 r= –0.040; p= 0.630 r= 0.028; p= 0.723 r= –0.235; p= 0.002 

 Fractional shortening (%) r= –0.166;  p= 0.036 r= –0.051; p= 0.506 r= 0.022; p= 0.778 r= –0.222; p= 0.003 

 Cardiac output (L/min/m1.83) r= –0.200;  p= 0.011 r= –0.170; p= 0.025 r= 0.051; p= 0.524 r= 0.143; p= 0.059 

 Stroke volume index (ml/m2.04)) r= –0.162;  p= 0.040 r= –0.113; p= 0.136 r= 0.013; p= 0.869 r= 0.114; p= 0.134 

 Glucose (mmol/L) r= –0.028;  p= 0.727 r= 0.121; p= 0.111 r= 0.059; p= 0.456 r= 0.045; p= 0.552 

 Total cholesterol (mmol/L) r= 0.264;  p= 0.001 r= 0.192; p= 0.011 r= –0.038; p= 0.632 r= 0.038; p= 0.038 

 Low density lipoprotein cholesterol (mmol/L) r= 0.232;  p= 0.003 r= 0.187; p= 0.013 r= 0.061; p= 0.447 r= 0.090; p= 0.238 

 Triglycerides (mmol/L) r= 0.182;  p= 0.021 r= 0.093; p= 0.220 r= 0.079; p= 0.323 r= 0.235; p= 0.002 

 eGFR (ml/min/1.73m²) r= –0.179;  p= 0.023 r= –0.090; p= 0.234 r= 0.211; p= 0.007 r= –0.109; p= 0.150 

 Reactive oxygen species (mg/L H2O2) r= –0.145;  p= 0.067 r= –0.191; p= 0.011 r= –0.007; p= 0.932 r= –0.011; p= 0.881 

 Glutathione peroxidase (U/L) r= –0.208;  p= 0.008 r= 0.276; p<0.001 r= –0.254; p= 0.001 r= –0.101; p= 0.185 

 C-Reactive Protein (mg/L) r= –0.065;  p= 0.413 r= –0.108; p= 0.154 r= 0.066; p= 0.404 r= 0.266; p<0.001 

 Cotinine (ng/ml) r= –0.031;  p= 0.689 r= –0.139; p= 0.066 r= 0.100; p= 0.210 r= 0.032; p= 0.670 

 Gamma-glutamyl transferase (U/L) r= 0.139;  p= 0.079 r= 0.041; p= 0.590 r= 0.118; p= 0.139 r= 0.426; p<0.001 

 Activity Energy Expenditure (kCal/Kg/day) r= –0.026;  p= 0.747 r= 0.034; p= 0.654 r= 0.029; p= 0.714 r= –0.102; p=0.180 

 Socio-economic score r= –0.127;  p= 0.110 r= 0.055; p= 0.472 r= –0.204; p= 0.010 r= –0.088; p=0.247 

Abbreviations: n – number of participants, eGFR – estimated glomerular filtration rate. 
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SUPPLEMENTARY 3: Standard multiple regression analyses of cardiovascular measures with markers of vascular calcification 

 Calcium (mmol/L) Alkaline Phosphatase (U/L) 

 Adjusted R² Std β (95 % Cl) p value Adjusted R² Std β (95 % Cl) p value 

Relative wall thickness (mm) 
Black (n=160) –0.010 0.064 (–0.109; 0.237) 0.465 0.026 0.210 (0.042; 0.378) 0.015 
White (n=175) 0.037 –0.036 (–0.194; 0.122) 0.653 0.037 0.040 (–0.130; 0.209) 0.645 
Ejection fraction (%) 
Black (n=160) 0.032 –0.129 (–0.299; 0.040) 0.134 0.018 –0.023 (–0.192; 0.146) 0.789 
White (n=175) 0.057 –0.023 (–0.179; 0.133) 0.775 0.095 –0.219 (–0.383; –0.054) 0.009 
Fractional shortening (%) 
Black (n=160) 0.036 –0.154 (–0.323; 0.016) 0.075 0.017 –0.036 (–0.205; 0.133) 0.675 
White (n=175) 0.084 –0.026 (–0.179; 0.128) 0.743 0.177 –0.204 (–0.366; –0.042) 0.014 
Cardiac index (L/min/m1.83) 
Black (n=160) 0.088 –0.181 (–0.346; –0.017) 0.031 0.060 –0.031 (–0.196; 0.134) 0.712 
White (n=175) 0.389 –0.148 (–0.274; –0.022) 0.021 0.378 –0.109 (–0.245; 0.027) 0.116 
Stroke index (ml/m2.04) 
Black (n=160) 0.151 –0.206 (–0.365; –0.047) 0.011 0.120 –0.086 (–0.247; 0.075) 0.293 
White (n=175) 0.377 –0.195 (–0.322; –0.069) 0.003 0.363 –0.165 (–0.303; –0.026) 0.020 

Variables included in the models were: age, sex, body mass index, systolic blood pressure, total cholesterol to high density lipoprotein cholesterol ratio, 

gamma-glutamyl transferase, activity energy expenditure, estimated glomerular filtration rate, C-reactive protein and glutathione peroxidase. In the models 

with stroke index as a dependent variable, waist circumference was additionally added as a covariate. Abbreviations: n – number of participants 
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Summary of main findings 
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4.1 Introduction 

This is a summative chapter that will include an elaborate interpretation and discussion 

of the main findings of this study. A comparison in light of the original hypotheses as 

set out in Chapter 1 is made with the results of this study as well as with existing 

literature, conclusions are drawn. This is followed by recommendations for future 

research regarding the link between cardiovascular structure and function and 

associated vascular calcification markers. 

4.2 Summary of main findings 

In this section, the main findings of this study will be addressed according to the 

original hypotheses. All hypotheses made were initially set out for a study population 

(n=400) including black and white men and women from South Africa.  

Hypothesis 1: Markers of cardiac structure (relative wall thickness) and function 

(ejection fraction, fractional shortening, cardiac index and stroke index) will 

present higher in the black group compared to their white counterparts and 

alkaline phosphatase and serum calcium will present higher in the black group. 

We partially accepted our first hypothesis as we demonstrated that relative wall 

thickness and alkaline phosphatase presented higher in the black group compared to 

the white group. Cardiac and stroke indices presented lower in the black group whilst 

ejection fraction, fractional shortening and serum calcium did not significantly differ 

between the groups. 

Hypothesis 2: Cardiovascular measures will associate adversely with markers 

of vascular calcification. 

Our second hypothesis was also partially accepted. Ejection fraction and fractional 

shortening did not associate adversely with calcium in the white group. Therefore, we 

partially accepted this hypothesis due to cardiac index, stroke index and relative wall 

thickness being the only cardiovascular measures to adversely associate with markers 

of vascular calcification (alkaline phosphatase and calcium). This adverse association 

of cardiac and stroke indices with alkaline phosphatase was evident in both the black 
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and white groups of our study whilst the adverse association between relative wall 

thickness and alkaline phosphatase was only evident in the black group. 

Hypothesis 3: Both oxidative stress and inflammation will contribute to the 

associations of cardiovascular structure and function with markers of vascular 

calcification. 

We performed a sensitivity analysis to determine if the associations of oxidative stress 

(glutathione peroxidase) and inflammation (C-reactive protein) altered the 

associations found between our markers of cardiovascular structure and function and 

vascular calcification markers. Due to the unchanged significant associations that 

persisted, we rejected our third hypothesis. 

4.3 Comparison to relevant literature 

When the results from this study are compared with results from other population 

groups, it is evident that certain findings confirm and others contradict previous 

observations. The confirming findings were that alkaline phosphatase presents higher 

in the black population when compared to their white counterparts. Elevated levels of 

alkaline phosphatase are known to associate with adverse mineral metabolism 

resulting in the likely onset of vascular calcification. Our study therefore confirmed the 

findings reported by Kruger et al. of higher levels of alkaline phosphatase in black 

populations.1 

An alteration in relative wall thickness, the first sign of cardiac remodelling, typically 

seen in concentric remodelling has been associated with the progression of vascular 

calcification. London et al. reported that relative wall thickness associated with arterial 

remodelling, although these findings were in patients with end stage renal disease, the 

associations were positive and independent.2 Our study confirmed the positive 

independent association of relative wall thickness with alkaline phosphatase, a known 

marker of vascular calcification, in the black group. 

Findings from both the Prospective Urban and Rural Epidemiology (PURE) as well as 

the South African study on the Influence of sex, Age and Ethnicity on Insulin Sensitivity 

and Cardiovascular function (SAFREIC) reported that black populations were in fact 
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predisposed to early vascular alterations typically seen with the presence of vascular 

calcification.1, 3 However, the contrary findings of this study included the observed 

associations between markers of cardiovascular structure and function with markers 

of vascular calcification in both the black and white groups of our study. This possibly 

suggests that both study groups are equally susceptible to the development of 

vascular calcification through the associations as outlined in Chapter 3 or possibly as 

a result of the initial inclusion criteria of the African-PREDICT study whereby 

apparently healthy individuals from both black and white ethnicities were recruited. 

4.4 Discussion of main findings 

Mounting evidence on the development of vascular calcification especially in a South 

African setting is ever-increasing. In the black group of our study, relative wall 

thickness was found significantly higher and an independent association persisted with 

alkaline phosphatase, which may be indicative of increased risk for vascular 

calcification according to several mechanisms as outlined in the aforementioned 

chapter.  

Previous studies conducted have indicated increased vascular calcification in black 

individuals. Furthermore, reports have shown that black populations are also at risk 

for earlier development of hypertension and arterial stiffening. Although our study 

supports this concept and showed that the black group of our study may be in line to 

the development of vascular calcification possibly through altered mineral metabolism, 

we also showed associations of systolic markers with vascular calcification markers in 

the white group as well. Thus, showing in both the black and white study groups long-

term systolic dysfunction typically seen in the presence of vascular stiffening or 

calcification is likely to develop. 

Although the findings cannot be expanded to the whole South African population, it 

aids in the knowledge of non-communicable disease development especially in a 

South African context. Furthermore, providing a reference for forthcoming studies to 

explore other potential contributing factors as well as a reference to follow up phases 

of the African-PREDICT study. 
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4.5 Limitations, chance and confounders 

It is essential to reflect on certain factors that may have influenced the results of our 

study. This therefore includes the methodology which was applied, our statistical 

analyses as well as the interpretation of results. 

The cross-sectional design of this study only identifies the existing state of health and 

associations found, and therefore cannot imply causality. Furthermore, a single 

measurement of alkaline phosphatase and serum calcium may not reflect the long-

term status, whereas intima media thickness, relative wall thickness and systolic 

dysfunction progress over time. 

Ethnicity interacted significantly on the relationship of markers of cardiovascular 

structure and function with vascular calcification markers. Therefore, our study 

population was divided into black and white groups. The group sizes differed, with the 

black group being fewer than the white group. A power analysis was performed using 

the G* Power 3 statistical analysis program (see output in Table 4). Firstly, we 

computed the required effect size via independent T-tests which detected an alpha 

level of 0.05 and total sample size of (n=235). An effect size of 0.5 was calculated and 

used in the compromise analysis to detect implied alpha and power. Our power 

analysis indicated an alpha error probability of 0.05 and power at 99.53%. Our sample 

sizes were therefore sufficient to test our hypotheses.  

Table 4: Power analysis report  

T-tests – Difference between 2 independent means (two groups) 
Analysis: Post Hoc – Compute achieved power 
Input: Tail(s) = 2 
 Effect size d = 0.5 
 α error probability = 0.05 
 Sample size group 1 = 160 
 Sample size group 2 = 175 
Output:  Noncentrality parameter δ = 4.5711620 
 Critical t = 1.9671134 
 Df  = 333 
 Power (1-β error probability) = 0.9953113 

 

We did not additionally stratify our study population by sex, however, sex was 

considered as a covariate throughout our models. Additionally, the presence of arterial 
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calcium prompting arterial calcification could not be assessed since coronary artery 

calcium score, which is widely used as a measure, was not available in this study since 

our study participants were young. However, the associations of alkaline phosphatase 

and serum calcium could be indicative of the risk for the development of vascular 

calcification.4, 5 All participants were recruited from the surrounding Potchefstroom 

area, North West Province which included both rural and urban communities, as such 

this cannot be representative of the general African population. This study was well 

designed and followed a concise protocol. Furthermore, this study was carried out 

under strict controlled conditions. 

Regarding the results of our study, the possibility of chance should be taken into 

consideration. Notwithstanding using uni- and multivariate regression analyses, there 

is a possibility that associations reported may be due to chance. Thus, these 

adjustments may have caused an over- or underestimation of the associations 

observed by markers of cardiovascular structure and function and vascular 

calcification markers. Although we described persistent findings taking various 

confounding variables into consideration and reported the same findings. 

4.6 Conclusion 

In conclusion, our study indicates that in young healthy individuals (20-30 years old) 

cardiac structure (relative wall thickness) and function (cardiac index and stroke index) 

associated with markers of vascular calcification (alkaline phosphatase and calcium). 

The associations merely describe different mechanisms between the black and white 

groups which may be attributable to the resultant effect of calcium regulation and bone 

metabolism. The present study provides relevant knowledge of altered mineralisation 

and the resultant effects on cardiac structure and function. Causality should be 

investigated in prospective and experimental studies.  

4.7 Recommendations 

Comparatively larger population samples are needed to explore the link of 

cardiovascular structure and function and the prevalence of vascular calcification. A 

non-invasive computed tomography (CT) scan of the cardiac muscle could possibly 

be utilised to calculate coronary artery calcium score, however more appropriate in 
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high risk individuals. Additionally, clinical or epidemiological studies may be 

emphasised to explore the various possible mechanisms, the foremost earliest risk 

factors which may shed light on this untimely cardiovascular burden in South African 

populations. New knowledge on such vascular calcification contributors would be 

invaluable in applying cardiovascular prevention programmes in young adults. 
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