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SUMMARY 

TITLE: Fibulin-1 as a marker of cardiovascular disease in HIV-infected black South Africans: a 

prospective study 

BACKGROUND: There is a high prevalence of the human immunodeficiency virus (HIV) 

infection in South Africa and this chronic infection promotes vascular inflammation, leading to 

vascular damage in infected individuals. The extracellular matrix is a highly adaptive and 

dynamic structure that is influenced by mechanical stress, inflammation and oxidative stress 

and it has been suggested that changes contribute to arterial stiffness. Fibulin-1 is a 

fibrinogen-binding plasma protein and is part of a small group of extracellular matrix proteins 

(including fibronectin, laminin and von Willebrand factor) that are present in the blood at 

relatively high levels. Changes in fibulin-1 levels have consequences to vascular structural 

integrity and maintaining the integrity of the extracellular matrix in the blood vessel wall seems 

critical in the prevention of cardiovascular disease. 

OBJECTIVE: The objective of this study was to determine the association of fibulin-1 with 

markers of vascular function in HIV-infected black South-Africans in the baseline study of 2005 

and follow-up study in 2008. 

METHODOLOGY: This substudy is embedded in the larger international Prospective Urban 

and Rural Epidemiology (PURE) study. The PURE study is a prospective study that addresses 

questions regarding the cause and development of cardiovascular risk factors and disease 

within populations, particularly of low- and middle-income countries, including South Africa. 

The South African leg of the PURE study was performed in the North-West Province, where a 

total of 2 010 participants (1 004 urban and 1 006 rural) were randomly recruited from a rural 
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and urban setting and screened during the baseline phase in 2005. For this substudy, the HIV­

infected participants (N=300) of the study population were individually matched with HIV­

uninfected participants (N=300) at the baseline phase (2005). The participants were matched 

according to age, gender, body mass index (BMI) and locality (urban and rural), and were 

followed up in 2008. Anthropometric and cardiovascular measurements were determined. The 

OMRON HEM-757 (Omron, Kyoto, Japan) apparatus was used to determine systolic and 

diastolic blood pressure. The pulse pressure (PP) was subsequently calculated by the 

difference in systolic blood pressure and diastolic blood pressure. The carotid-radial pulse 

wave velocity (cr-PWV) was determined with the Complier SP Acquisition system (Artech 

Medical, Pantin, France). The lipid profile and inflammatory markers were also determined. 

Independent t-tests were used to compare cardiovascular variables between the HIV-infected 

and HIV-uninfected participants in the baseline study. Dependent t-tests were used to 

compare the baseline and follow-up measurements of cardiovascular variables within HIV­

infected and HIV-uninfected participants. The percentage change in all the groups was also 

determined over a period of three years. Pearson and partial correlations were performed to 

explore unadjusted and adjusted associations between change of fibulin-1 and cardiovascular 

variables in each group. P-values of s 0.05 were regarded as statistically significant. 

RESULTS: At baseline, as well as after three years, the fibulin-1 levels were significantly 

higher in HIV-infected, compared to HIV-uninfected, South Africans. Percentage change in 

fibulin-1 is associated with percentage change in triglycerides (TG) to high-density lipoprotein 

cholesterol ratio (TG/HDL-C) in HIV-infected participants, but not in HIV-uninfected 

participants. A significant positive correlation was seen between percentage change in fibulin-

1 and soluble urokinase-type plasminogen activator receptor (suPAR) levels in the HIV­

uninfected group, but no positive correlation was found in suPAR levels in the unadjusted 

correlations. In the baseline study (2005), as well as the follow-up (2008), the HIV-infected 
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participants had lower HDL-C and higher soluble forms of intercellular adhesion molecule-1 

(slCAM-1), vascular cell adhesion molecule-1 (sVCAM-1) and suPAR levels in comparison 

with their HIV-uninfected control group. The slCAM-1 and sVCAM-1 levels were only 

determined in 2005. At baseline, the cr-PWV was significantly higher in the HIV-infected group 

(11.26 m/s vs.10.68 mis, p=0.03) in comparison with the HIV-uninfected group. However, in 

the follow-up study, no significant difference was found in the cr-PWV values between the HIV­

infected and HIV-uninfected participants. There were no significant differences in percentage 

change in fibulin-1, TC/HDL-C ratio, TG/HDL-C ratio, cr-PWV and PP between the HIV­

infected and HIV-uninfected participants over the period of three years. 

DISCUSSION: The high suPAR levels and low HDL-C levels suggest the possibility that the 

HIV-infected participants could be more prone to develop vascular damage, which could result 

in further extracellular matrix remodelling. The latter is seen as the link between infection, 

inflammation, thrombotic activity and vascular dysfunction. The increased cr-PWV in the HIV­

infected group at baseline supports the above possibility. Although no significant associations 

were found between fibulin-1 and inflammatory markers (namely slCAM-1, sVCAM-1, 

interleukin-6 [IL-6), plasminogen activator inhibitor-1 [PAl-1) or PWV), the association of the 

percentage change in fibulin-1 with the change in TG/HDL-C ratio suggests that TG/HDL-C 

ratio may contribute to probable vascular changes in HIV-infected participants and that the 

HIV-infected participants may be more at risk to develop cardiovascular disease in comparison 

with the HIV-uninfected participants. 
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OPSOMMING 

TITEL: Fibulin-1 as 'n merker van kardiovaskulere siekte in MIV-ge"infekteerde swart Suid­

Afrikaners: 'n opvolgstudie 

AGTERGROND: Daar is 'n hoe voorkoms van die menslike immuniteitsgebrekvirus (MIV)­

infeksie in Suid-Afrika en hierdie chroniese infeksie bevorder vaskulere inflammasie, wat tot 

vaskulere skade in ge"infekteerde individue lei. Die ekstrasellulere matriks is 'n hoogs 

aanpasbare en dinamiese struktuur wat deur meganiese stres, inflammasie en oksidatiewe 

stres bernvloed word en daar is aanduidings dat veranderinge tot arteriele styfheid kan bydra. 

Fibulin-1 is 'n fibrinogeen-bindende plasmaproteren en is deel van 'n klein groepie 

ekstrasellulere matriksproterene (insluitend fibronektien, laminien en von Willebrand-faktor) 

wat in relatiewe hoe vlakke in die bloed teenwoordig is. Veranderinge in fibulin-1-vlakke hou 

gevolge in vir vaskulere strukturele integriteit en dit wil voorkom asof die handhawing van die 

ekstrasellulere matriks in die bloedvatwand se integriteit van kritieke belang is in die 

voorkoming van kardiovaskulere siekte. 

DOEL: Die doel van hierdie studie was om die assosiasie tussen fibulin-1 en merkers van 

vaskulere funksie in MIV-gernfekteerde swart Suid-Afrikaners te bepaal tydens die 

basislynstudie van 2005 en 'n opvolgstudie in 2008. 

METODOLOGIE: Hierdie substudie vorm deel van die grater internasionale Prospective 

Urban and Rural Epidemiology (PURE)-studie. Die PURE-studie is 'n opvolgstudie wat vrae 

aanpak aangaande die oorsaak en ontwikkeling van kardiovaskulere risikofaktore en siekte in 

bevolkings, veral van laer- en middel-inkomste lande, insluitend Suid-Afrika. Die Suid­

Afrikaanse been van die PURE-studie is in die Noordwesprovinsie uitgevoer, waar 'n totaal 

van 2 010 deelnemers (1 004 stedelik en 1 006 landelik) ewekansig in 'n stedelike en landelike 
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gebied gewerf en in 2005 tydens die basislynfase gesif is. Vir hierdie substudie is die MIV­

gernfekteerde deelnemers (N = 300) van die studiebevolking indiv"idueel tydens die 

basislynfase (2005) met MIV-onge"infekteerde deelnemers (N = 300) gepas. Die deelnemers is 

volgens ouderdom, geslag, liggaamsmassa-indeks en gebied (stedelik en landelik) gepas en 

in 2008 opgevolg. Antropometriese en kardiovaskulere metings is bepaal. Die OMRON HEM-

757 (Omron, Kyoto, Japan)-apparaat is gebruik om die sistoliese en diastoliese bloeddruk te 

bepaal. Die polsdruk is vervolgens deur die verskil in sistoliese en diastoliese bloeddruk 

bereken. Die karotis-radialis-polsgolfsnelheid (cr-PWV) is deur die Complior SP Acquisition­

stelsel (Artech Medical, Pantin, Frankryk) bepaal. Die lipiedprofiel en inflammasiemerkers is 

ook bepaal. Tydens die basislynfase is onafhanklike t-toetse gebruik om die kardiovaskulere 

veranderlikes tussen die MIV-ge·infekteerde en MIV-onge"infekteerde deelnemers te vergelyk. 

Afhanklike t-toetse is gebruik om die basislyn- en opvolgmetings van die kardiovaskulere 

veranderlikes tussen MIV-ge"infekteerde en MIV-onge"infekteerde deelnemers te vergelyk. Die 

persentasie verandering in al die groepe is ook oor 'n tydperk van drie jaar bepaal. Die 

Pearson en parsiele korrelasies is uitgevoer om onaangepaste en aangepaste assosiasies 

tussen die verandering van fibulin-1- en kardiovaskulere veranderlikes in elke groep te 

ondersoek. P-waardes van :5 0.05 is as statisties betekenisvol beskou. 

RESULTATE: Tydens die basislynfase, sowel as drie jaar later, was die fibulin-1-vlakke in 

MIV-ge·infekteerde Suid-Afrikaners betekenisvol hoer as in MIV-onge"infekteerde Suid­

Afrikaners. Die persentasie verandering in fibulin-1 word met die persentasie verandering in 

trigliseriede-tot-hoedigtheid-lipoprote·ien-cholesterol (TG/HDL-C) in MIV-ge"infekteerde 

deelnemers geassosieer, maar nie in MIV-ongernfekteerde deelnemers nie. 'n Betekenisvolle 

positiewe korrelasie is tussen die persentasie verandering in fibulin-1 en oplosbare urokinase­

tipe plasminogeen-geaktiveerde reseptor (suPAR)-vlakke in die MIV-onge"infekteerde groep 

opgemerk, maar geen positiewe korrelasie is in suPAR-vlakke in die onaangepaste korrelasies 
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gevind nie. Tydens die basislynfase (2005), sowel as die opvolgstudie in 2008, het die MIV­

ge"infekteerde deelnemers laer HDL-C en hoer oplosbare vorms van intersellulere 

adhesiemolekule-1 (slCAM-1), vaskulere sel-adhesiemolekule-1 (sVCAM-1) en suPAR-vlakke 

getoon in vergelyking met hul MIV-onge"infekteerde kontrolegroep. Die slCAM-1- en sVCAM-1-

vlakke is slegs in 2005 bepaal. Tydens die basislynfase was die cr-PWV aansienlik hoer in die 

MIV-gernfekteerde groep (11.26 mis vs.10.68 mis, p = 0.03) as in die MIV-onge"infekteerde 

groep. In die opvolgstudie is daar egter geen betekenisvolle verskille in die cr-PWV-waardes 

gevind tussen die MIV-ge"infekteerde en MIV-onge"infekteerde deelnemers nie. Oor die tydperk 

van drie jaar was daar geen betekenisvolle verskille in persentasie verandering in fibulin-1, 

TC/HDL-C ratio, TG/HDL-C ratio, cr-PWV en PD tussen die MIV-ge"infekteerde en MIV­

onge·infekteerde deelnemers nie. 

BESPREKING: Die hoe suPAR- en lae HDL-C-vlakke dui op die moontlikheid dat die MIV­

ge·infekteerde deelnemers meer geneig kan wees om vaskulere skade te ontwikkel, wat weer 

tot verdere ekstrasellulere matrikshermodellering kan lei. Laasgenoemde word as die skakel 

gesien tussen infeksie, inflammasie, trombotiese aktiwiteit en vaskulere disfunksie. Die 

verhoogde cr-PWV in die MIV-ge"infekteerde groep tydens die basislynfase ondersteun 

bogenoemde moontlikheid. Alhoewel daar geen betekenisvolle assosiasies gevind is tussen 

fibulin-1 en merkers van vaskulere funksie (naamlik slCAM-1, sVCAM-1, interleukin-6 (IL-6], 

plasminogeen-geaktiveerde inhibeerder-1 [PAl-1] of PWV) nie, dui die assosiasie van die 

persentasie verandering in fibulin-1 met die verandering in TG/HDL-C daarop dat die TG/HDL­

C kan bydra tot waarskynlike vaskulere veranderinge in MIV-ge·infekteerde deelnemers en dat 

die MIV-ge"infekteerde deelnemers moontlik 'n grater risiko vir die ontwikkeling van 

kardiovaskulere siekte het in vergelyking met die MIV-onge"infekteerde deelnemers. 

xi 



PREFACE 

The study forms part of the programme for the degree Master of Science in Physiology. 

Chapter 1 contains a literature overview of all the variables that are applicable to this study 

with motivation, aims and hypotheses included. In Chapter 2, the peer-reviewed journal, 

Journal of Inflammation, is considered for submission of the manuscript. Chapter 3 is a basic, 

conclusive chapter on the study results and their implications, as well as recommendations for 

future research. 

OUTLINE OF THE STUDY 

This study is divided into three chapters which consist of the following information: 

• Chapter 1 contains the general introduction, an overview of published data, the 

questions arising from the literature, the motivation for and objectives of the study, as 

well as the hypotheses. 

• Chapter 2 contains the manuscript of the study, entitled Fibulin-1 as a marker of 

cardiovascular disease in HIV-infected black South Africans: a prospective study. 

• In Chapter 3, the summarised findings and limitations of the study are discussed. 

• At the end of Chapters 1 and 2, the relevant references are consistent with the 

guidelines for publishing in the aforementioned journal. 
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1.1 General introduction 

Fibulin-1 is a protein that has been found in association with extracellular matrix (ECM) 

structures such as connective tissue fibres and basement membrane that surround vascular 

smooth muscle [1-3]. This protein accumulates in the arterial wall and in plasma, and 

appears to be a factor that is associated with arterial extracellular matrix changes [4]. It 

functions not only as a structural component, but provides the scaffolding for cells and 

tissues, and plays an essential role in tissue morphogenesis that affects cell adhesion, 

migration and cell growth. It is also a modulator for various cellular processes, such as 

differentiation and angiogenesis [5]. 

The fibulin-1 gene produces two variants (C and D). Two additional variants (A and B) exist, 

but at very low levels and the functions of the A and B variants are yet to be determined [6]. 

Fibulin-1 C is required to regulate cell shape, extracellular matrix formation, wound healing 

and cell adhesion [7]. Overexpression of fibulin-1 D reduces tumour formation, whereas the 

ratio of fibulin-1 C to fibulin-1 D is increased in ovarian carcinoma [8]. Fibulin-1 is associated 

with vascular damage and inflammation [1-3], which could lead to vascular dysfunction. This 

has not been studied in HIV-infected individuals in the North-West Province of South Africa 

yet. 
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Figure 1: Summary of the interaction of fibulin-1 with HIV and CVD 
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There is a high prevalence of the human immunodeficiency virus (HIV) infection in South 

Africa and this places a heavy burden on the health system. The chronic infection of HIV-

infected individuals promotes vascular inflammation, leading to vascular damage [9-11] 

(fig.1 ). HIV infection may therefore be a precursor for a growing threat of non-communicable 

diseases such as chronic vascular disease (CVD). Increased levels of inflammatory markers 

such as C-reactive protein (CRP), interleukin-6 (IL-6) [10] and increased cell adhesion 

molecules, namely intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion 

molecule (VCAM-1) [12], have been reported in the HIV-infected population [13,14] (fig.1). 

Biological markers such as cell adhesion molecules (CAM) give an indication regarding the 

development of endothelial dysfunction and, eventually, vascular dysfunction [14] (fig.1). 
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In the case of vascular injury, the inflammatory response is mainly mediated by monocytes, 

macrophages and T-lymphocytes [15]. These cells are then attracted to the endothelium via 

adhesion molecules and migrate through the layer of endothelial cells to infiltrate the vessel 

wall [12]. Once these monocytes and T-lymphocytes have invaded the vascular ECM and 

become activated, they secrete several substances, including cytokines, growth factors, 

chemokines and matrix metalloproteinases (MMPs) [16, 17] (fig.1 ). Fibulin-1 influences the 

structural and functional properties of the ECM (18]. Findings have indicated that fibulin-1 

acts as a cofactor for the matrix metalloproteinases and is increased in atherosclerotic 

lesions [18, 19]. 

MMPs are a group of zinc-dependent endopeptidases that degrade a variety of components 

of the ECM. Their activities in the vascular tissues contribute to vascular remodelling that is 

associated with CVD (20]. Vascular remodelling involves the reorganisation and degradation 

of the ECM scaffold, and hyperplasia or hypertrophy of vascular smooth muscle cells 

(VSMCs), thus contributing to vascular stiffness [21-23]. An important consequence of long-

term increase in MMP activity is increased arterial stiffness [21-23]. This change reduces 

vessel compliance and distensibility, and increases arterial pulse pressure (PP) and pulse 

wave velocity (PWV). MMPs' degradation of arterial elastin [21], increased collagen [24] and 

fibrinonectin [25,26] leads to a decrease in vascular function. Changes in fibulin-1 levels 

have consequences to vascular structural integrity, while maintaining the integrity of the 

ECM in the blood vessel wall seems critical in preventing cardiovascular disease [18, 27] 

(fig.1). 

Godyna et al. found that fibulin-1 can bind to fibrinogen and can be incorporated into fibrin 

clots. This finding has prompted investigation into the potential role of fibulin-1 as a 

prothrombotic agent [28]. Following vascular injury and inflammation, fibulin-1 presents in 

the extracellular matrix of the vessel wall, interacts with plasma fibrinogen and promotes 

platelet adhesion, which then leads to the formation of a platelet plug [28]. Platelets interact 

with exposed subendothelial matrices after vascular injury [28] (fig. 1 ). The ability of fibulin-1 
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to bind to ECM proteins such as elastin [29] and fibrinonectin [25] may provide a means for 

fibrinogen to bind to subendothelial ECM and contribute to thrombus formation [28] (fig.1 ). 

1.2 Literature overview 

1.2.1 The human immunodeficiency virus (HIV) 

Millions of people have died from the acquired human immunodeficiency virus (HIV) [30]. In 

201 O, with an estimated 5.6 million people being HIV infected, South Africa continued to 

have the world's largest HIV epidemic [30]. Acquired immunodeficiency syndrome (AIDS) is 

characterised by the progressive destruction of a person's immune system and is the last 

and most serious stage of HIV infection [31]. It is generally accepted that HIV causes AIDS 

and this infection accounts for about 20% of all deaths and disability-adjusted life years lost 

in Africa, which makes it the largest single component of the continent's disease burden [32]. 

There are two known species of HIV that infect humans, namely HIV-1 and HIV-2 [33]. HIV-1 

can be divided into two groups: HIV-1 group M (major) and HIV-1 group O (outlier) [34,35]. 

The major cause of AIDS is, however, HIV-1 group M. Over the years, HIV-1 sequences 

have diverged substantially and can be classified into subtypes A-J [34,36]. HIV-1 is easily 

transmitted, virulent and responsible for HIV infections throughout the world, especially in 

sub-Saharan Africa [34,37]. Subtype C is the most prevalent in sub-Saharan Africa and 

accounts for 55-60% of all HIV infections worldwide [38,39]. HIV-2 is primarily confined to 

West Africa [33]. 

The HIV infection is associated with vascular damage, leading to subclinical inflammation 

and increased cardiovascular risk [11, 13, 19]. In HIV infection, the endothelium is under the 

combined influence of a viral load that injures or activates the endothelium [40], causing 

functional changes to the endothelium that resemble inflammation and may lead to 

endothelial dysfunction [41] (fig.1 ). 
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The mechanisms underlying the association between inflammation and endothelial 

dysfunction are complex and multifaceted [42]. In HIV-infected patients, the endothelium 

could be activated either directly by HIV or by a leukocyte-mediated inflammatory cascade 

that is triggered by the HIV infection. This could lead to endothelial dysfunction, accelerated 

atherosclerosis and increased coagulation, which could result in thrombosis [41]. HIV 

infection is characterised by a profound inflammatory response which may trigger the 

synthesis of pro-inflammatory cytokines, including tumour necrosis factor (TNF), interleukin-

1 (IL-1 ), IL-6 and CRP [43]. This may contribute to endothelial dysfunction [12], vascular 

inflammation, atherogenesis and a prothrombotic state [10,41] (fig.1 ). 

1.2.2 HIV infection and endothelial dysfunction 

The association between HIV and endothelial dysfunction is an area of rapidly growing 

interest. Endothelial dysfunction, the most plausible link between infection, inflammation and 

atherosclerosis, has been investigated since the beginning of the HIV epidemic (fig.1). 

Endothelium dysfunction is an early marker of atherosclerosis, which is associated with an 

increased risk of cardiovascular events [44]. A dysfunctional endothelium has been reported 

in HIV-infected patients [45,46]. 

The endothelium plays a fundamental role in the dynamic regulation of the circulation and is 

involved in important homeostatic mechanisms such as vascular tone regulation, non­

thrombotic vascular surface and immunomodulation [47]. The endothelium is a cell layer that 

regulates the exchange of water and small molecules, as well as coagulation and fibrinolysis 

[48]. As a result of its position between blood and the vascular wall, the endothelium is 

constantly exposed to potentially noxious circulating agents such as cholesterol and infective 

agents [41] (fig.2). 

In HIV infection, the endothelium is under the combined influence of a viral load, increased 

concentration of circulating antigens and immune reconstruction [40,49]. This causes 
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profound functional changes of the endothelium, resulting in chronic arterial inflammation 

and injury, which in turn promote dysfunction of the endothelium, atherosclerosis and 

thrombosis [40,41] (fig.2). 

During endothelial dysfunction, the endothelial cells release increased levels of endothelin-1, 

angiotensin II, plasminogen activator inhibitor-1 (PAl-1) and von Willebrand factor [12,14,49, 

50]. Normally, tissue factor is not present on the endothelial cell surface. During endothelial 

dysfunction, however, tissue factor becomes expressed as thrombin production [12] (fig.2). 

High levels of the soluble adhesion molecules, tissue plasminogen activator (t-PA) and 

plasminogen activator inhibitor (PAl-1) represent early markers of the development of 

vascular dysfunction [14,49]. Increased levels of soluble adhesion molecules were 

documented in different stages of HIV [51-53]. 

When pro-inflammatory cytokines such as tumour necrosis factor-alpha (TNF-a) or IL-6 are 

activated, the expression of adhesion molecules such as ICAM-1, VCAM-1 and E-selectin 

increases, leading to the migration of inflammatory cells to the subendothelium [12] (fig.2). 

Plaque formation is caused by the accumulation of inflammatory cells [54]. These adhesion 

molecules stimulate monocyte adherence and increased levels of selectins that promote 

expression of monocytes to the endothelial surface [55] (fig.2) The increased numbers of 

inflammatory cells make plaque more vulnerable to rupture, leading to myocardial infarction 

or endothelial dysfunction [56-58]. 
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Figure 2: Development of atherosclerosis and its thrombotic complications 

EC: endothelial cells, adhesion molecule; MCP-1: monocytes chemoattractant protein-1; MMPs: 

matrix metalloproteinases; NO: nitric oxide; PGl2: prostacyclin; SMC: vascular smooth muscle cells; 

and TF: tissue factor [44). 

1.2.3 The extracellular matrix (ECM) and fibulin-1 

The extracellular matrix (ECM) contains collagen IV, laminin and small amounts of structural 

proteins such as fibronectin and fibulin [2]; it forms a complex, three-dimensional network 

among the cells of different tissues in an organ-specific manner [59]. The ECM was initially 

considered to be an inert, space-filling material that provided only mechanical strength to 

tissues and organs. Today, the ECM is considered to be a highly adaptive and dynamic 

structure that plays a fundamental role in myocardial ventricular remodelling, as it is 

regulated by neurohormonal activation, inflammation, oxidative stress and mechanical stress 

[60]. Ultimately, this can lead to a change in the collagen and fibulin-1 levels in the ECM [61 ). 

Fibulin-1 is a fibrinogen-binding blood protein and is part of a small group of proteins, 

including fibronectin, laminin and von Willebrand factor that are present in the blood at 

relatively high levels [6). Studies have showed that fibulin-1 is widely expressed in the 
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intercellular components of the connective tissues, matrix fibers and basement membranes 

[2]. A major function of fibulin-1 is the regulation of cell motility and guidance [62]. Based on 

findings from in vitro studies, fibulin-1 can suppress the motility (that is the migration velocity 

and persistence time) of many types of cancer cells and also the activity of other ECM 

proteins, including fibronectin [63], which is one of its principal binding proteins [64]. Fibulin-1 

appears to be a factor that is associated with arterial extracellular matrix changes, which 

could lead to increased vascular stiffness and the development of cardiovascular diseases 

[62]. Cangemi et al. were able to demonstrate that increased plasma fibulin-1 concentrations 

were predictive of overall cardiovascular mortality in type 2 diabetes mellitus [4]. They found 

that changes in arterial fibulin-1 concentrations in relation to elastic fibres in diabetes may 

relate to findings from other studies that show signs of reduced intimal elastin content in 

diabetic arteries, leading to vascular dysfunction [65-67]. Therefore, maintaining the integrity 

of the ECM in the blood vessel wall seems critical in preventing cardiovascular disease [4]. 

1.2.4 Matrix metalloproteinases (MMPs) 

Matrix metalloproteinases (MMPs) are involved in the degrading of most of the ECM 

components in the connective tissue [20]. MMPs mediate a large variety of biological 

reactions such as the regulation of vascular function [68], leukocyte activation [68] and 

platelet function, as well as pathological processes such as cancer, atherosclerosis and 

other inflammatory disorders [69]. 

Findings have indicated that fibulin-1 acts as a cofactor for the MMPs and is increased in 

atherosclerotic lesions [19]. The ECM turnover is altered in arterial tissue, as is evidenced by 

increased concentrations of the MMP metallopeptidase 2 (MMP-2) [70,71], a proteinase that 

cleaves elastin, which is associated with vascular stiffness [72]. 

Four MMPs, including MMP-1, MMP-2, MMP-3 and MMP-9, have been identified in human 

platelets [20]. In resting platelets, these enzymes are stored in the latent form. Tissue 

inhibitors of metalloproteinases (TIMPs), a group of endogenous inhibitors, play an important 
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role as mediators of tissue remodelling, as well as in the regulation of MMP activity [73,74]. 

All MMPs can be inhibited by different TIMPs. These TIMPs bind to the active site of MMPs 

and block the access to ECM substrates [61]. 

Platelets are small cell elements that are produced by fragmentation of large mother cell 

megakaryocytes. After vascular injury, platelets adhere to the damaged portion of the 

vascular wall, initiating a set of reactions that lead via platelet aggregation to the formation of 

a haemostatic plug or occlusive thrombus [28]. The mechanisms of MMPs' interactions with 

platelets are still being explored and further research is needed. 

1.2.5 Vascular wall and lipids 

HIV infection, independent of the use of antiretroviral therapy (ART), may increase the risk 

for atherosclerotic CVD via adverse changes in blood lipids, inflammation and thrombotic 

activity [75]. High levels of low-density lipoprotein cholesterol (LDL-C) and triglycerides (TG), 

and low levels of high-density lipoprotein cholesterol (HDL-C) are known to increase the risk 

of CVD. These factors can possibly be one of the initiating factors in the formation of 

atherosclerosis, which ultimately leads to CVD [11,75-77]. 

Like most lipids, cholesterol circulates the plasma as part of various lipoprotein complexes. 

These include very low-density lipoproteins (VLDL), low-density lipoproteins (LDL) and high­

density lipoproteins (HDL) [78]. LDL is the main cholesterol carrier and delivers cholesterol 

to the cells [78]. HDL-C serves as an acceptor for cholesterol from the tissue and transports 

the cholesterol back to the liver [79]. Low levels of HDL-C are also viewed as a risk factor for 

CVD [78]. Studies show that each 1 % increase in HDL-C was associated with a 2-3% 

reduction in CVD risk [80]. HDL-C possesses several anti-inflammatory and antithrombotic 

properties that may protect against injury to endothelial surfaces [81]. The ratio between 

LDL-C and HDL-C is viewed as an accurate predictor of CVD; the lower the ratio, the lower 

the risk [82]. 
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LDL is widely known as 'bad' cholesterol [44). Elevated levels of LDL are associated with 

cardiovascular disease because of an increased deposition of cholesterol on the arterial 

walls, leading to atherosclerosis [83). An increase in LDL is associated with an increase in 

plasma viscosity [83]. HDL is widely known as 'good' cholesterol and is associated with the 

removal of excess LDL. An increase in HDL is associated with a decrease in plasma 

viscosity [78,79). 

Research shows that triglyceride-rich lipoproteins produce typical atherosclerotic changes. 

TG-rich lipoproteins show an increased movement into the intima [84]. The result is the 

formation of fatty streaks, which are a key factor in the formation of atherosclerosis [84). 

There is thus reason to believe that TG-rich lipoproteins have an initiating effect on 

atherosclerosis. HIV-infected people exhibit high levels of TG and low-density lipoprotein, 

and low levels of HDL-C [13,85-87]. The link between HIV and metabolic derangements 

remains unclear and more research is needed to determine the underlying causes of the 

change in the lipid profile in HIV infection [75). 

1.2.6 Pro-inflammatory markers 

1.2.6.1 C-reactive protein (CRP) 

C-reactive protein (CRP) represents an extensively studied pro-inflammatory molecule and 

is an acute phase reactant, synthesised primarily in hepatocytes and secreted by the liver. 

CRP is seen as a robust clinical marker because of its analytical stability, reproducible 

results and high sensitivity assays [88,89]. In healthy individuals, the concentrations of CRP 

are low in plasma (90]. In response to injury, infection and inflammation, the levels can rise 

dramatically to approximately 300 mg/t after 48 hours and can decrease just as rapidly with 

the resolution of the condition [91]. Therefore, CRP concentrations serve as a sensitive 

marker of systemic inflammation and are also associated with cardiovascular risk factors and 

cardiovascular and non-cardiovascular causes of death [92). 
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CRP is mainly produced in the liver in response to IL-6 and has thus been thought of as an 

inactive downstream, bystander marker of the inflammatory cascade [93). IL-6 is a cytokine 

and CRP concentrations have shown to be a direct indicator of IL-6 levels in humans in vivo 

[93]. A high serum concentration level of high-sensitivity C-reactive protein (hs-CRP) is seen 

as an independent risk factor and predictor of CVD [94], and is thought to induce ICAM and 

VCAM secretion [94]. It is, therefore, very important that CRP should be screened for in an 

effort to identify patients who are at high risk of cardiovascular events more efficiently 

[95,96]. 

According to Masia et al., the effect of CRP in HIV-infected persons remains unknown [97]. 

The increased levels of CRP in HIV-infected participants [85,98] probably relate to altered fat 

distribution and metabolic abnormalities [77,98]. Van Wijk et al. reason that increased levels 

of CRP are most likely caused by the chronic immune activation that is associated with the 

HIV infection [98]. 

1.2.6.2 lnterleukin-6 (IL-6) 

lnterfeukin-6 (IL-6) is an immune protein in the hematopoietin family and is released in 

response to infection and inflammation. Its functions range from key roles in acute-phase 

protein induction to B- and T-cell growth and differentiation [99]. IL-6 can have direct effects 

on cells, mediate the effects of other cytokines, be co-agonistic or antagonistic in conjunction 

with other cytokines, and interact with glucocorticoids [99]. 

From the literature, it is evident that IL-6, CRP and tumour necrosis factor-a (TNF-a) are 

involved in the pathobiology of CVD, indicating that low-grade systemic inflammation plays a 

key role in this condition [92,94]. In most recent studies, cardiorespiratory fitness has been 

shown to have a complimentary effect on CRP and IL-6 levels [100, 101 ]. Enhanced fitness 

may have an anti-inflammatory role with improved insulin resistance that may be the 

mechanism for lowering CVD risk and type 2 diabetes mellitus [101, 102]. IL-6 is a cytokine 
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that is produced in the adipose tissue of healthy humans. It is released into the circulation 

and activates the production of CRP in the liver (93]. 

1.2.6.3 Soluble urokinase plasminogen activator receptor (suPAR) 

Soluble urokinase plasminogen activator receptor (suPAR) is a known inflammatory marker 

and a strong predictor of immunologic failure and mortality in HIV-infected patients who are 

not receiving highly active antiretroviral therapy (HAART) (103]. SuPAR is a novel biomarker 

and stable plasma protein (104] that is expressed predominantly by leukocytes (105] and 

associated with inflammation and progression of disease (104]. 

SuPAR is present in plasma and red blood cells [106, 107] in various concentrations, 

depending on the 'activation' level of the immune system, since higher activation increases 

serum suPAR levels [108, 109]. An elevated suPAR level has been associated with poor 

clinical outcomes in patients who are suffering from infectious diseases [109] such as HIV 

infection [11 O], tuberculosis [111] and several cancers [110]. 

In patients who are receiving HAART, suPAR demonstrated its potential as a treatment 

efficacy marker when its levels decreased with effective therapy (112]; it therefore has 

potential clinical benefits. However, Anderson et al. found that suPAR remained elevated in 

some HIV-infected patients, independently of the HAART's effects on it, which reflected a 

possible low-grade pro-inflammatory state [11 O]. 

Anderson et al. also concluded that suPAR may reflect the metabolic status of the HIV­

infected patients on HAART and linked dysmetabolism with low-grade inflammation (11 O], 

which was similar to the findings of Kolb et al. They suggested that suPAR is a potential 

marker of dysmetabolism in HIV-infected patients on stable HAART (113]. It is not clear 

whether the overall outcome that is associated with increased blood levels of suPAR in HIV­

infected patients is caused by a direct association between HIV and the components of the 
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suPAR system or whether it is simply caused by the effect of mirror inflammation [112]. 

However, blood levels of suPAR were linked with inflammation and immune activation 

[109,112,114]. 

SuPAR reflects the immune and pro-inflammatory status of patients that is caused by HIV 

and tuberculosis [11 O]. However, recent studies have shown that suPAR is related to 

cardiovascular function [112]. The cardiovascular health of the black South African 

population is a major health concern, as this group suffers mostly from hypertension and 

stroke, leading to an alarming increase in cardiovascular morbidity and mortality [115]. 

SuPAR may be able to contribute to the early detection and prevention of cardiovascular 

diseases. 

1.2.7 lntercellular and vascular cell adhesion molecules (ICAM and VCAM) 

lntercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) 

have molecular structures that resemble immunoglobulins and are markers of endothelial 

dysfunction [116]. These molecules are expressed on leukocytes and platelets and facilitate 

endothelial adhesion of circulating leukocytes. Upon activation by pro-inflammatory 

cytokines such as IL-6, they facilitate endothelial expression of adhesion molecules and the 

migration of inflammatory cells to the subendothelium, leading to the development of 

vascular remodelling [12]. While IL-6 is an early stimulator of the inflammatory process and 

CRP is produced in response to IL-6 secretion, CRP is thought to induce ICAM and VCAM 

secretion [88]. These adhesion molecules indicate vascular endothelial injury and 

dysfunction [9,50, 117]. 

In pathological studies, ICAM-1 and VCAM-1 have been detected in atherosclerotic plaques 

and have been found to be upregulated in arterial endothelial cells in lesion-prone areas 

(118]. lnterindividual variations in plasma concentration of soluble intercellular adhesion 

molecule-1 (slCAM-1) and soluble vascular cell adhesion molecule-1 (sVCAM-1) have been 
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demonstrated. Plasma levels may also be influenced by race, for example people of African 

origin have lower levels of slCAM-1 and sVCAM-1 [12). Higher plasma levels of VCAM-1 

and ICAM-1 are seen in HIV-infected people [13,50, 119, 120). 

The finding of increased slCAM-1 concentrations in HIV-infected patients [121] pointed to 

the occurrence of endothelial damage as measurable by soluble adhesion molecule plasma 

levels. On the other hand, higher concentrations of slCAM-1 were seen in AIDS patients with 

acute opportunistic infections than in HIV-infected patients without acute infections, both 

values being higher than the values of HIV-uninfected patients [122). 

A correlation between ICAM-1 concentrations and the progression of disease, as well as the 

reduction of CD4+ cell count, was also reported. Increased leucocyte adherence to the aortic 

endothelium of HIV-infected patients, and increased VCAM-1 levels and E-selectin plasma 

concentrations add further experimental evidence of endothelial cell involvement in the AIDS 

syndrome [123, 124). An association between concentrations of ICAM-1, as well as 

concentrations of VCAM-1 and E-selectin, and future cardiac events could also be shown in 

apparently healthy people by the prospective Atherosclerosis Risk in Communities (ARIC) 

study [125). Altogether, these data raise the possibility that soluble CAM can serve as a 

molecular biomarker for the early diagnosis of atherosclerosis, but this possibility requires 

further evaluation on other large populations. 

1.2.7.1 Pulse wave velocity (PWV) as measurement of arterial stiffness 

Aortic pulse wave velocity (PWV) is a non-invasive measurement of arterial stiffness and is 

associated with end-organ changes such as increased ventricular stress (caused by 

afterload) and arterial intima-media thickening [98, 126). Aortic PWV is also an independent 

predictor of cardiovascular mortality [127, 128). Acute inflammation leads to an increase in 

arterial stiffness and faster wave reflections [98). From the literature, it is evident that CRP, 
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as a marker of inflammation, is associated with stiffness of medium, muscular-type arteries 

as expressed by the carotid-radial PWV (cr-PWV) in HIV-infected participants [129]. 

Arterial stiffness and faster wave reflections are markers of cardiovascular disease and 

independent predictors of cardiovascular risk [127]. The effect of HIV infection per se on 

aortic stiffness and wave reflections has not been defined clearly [98]. 

1.2.8 Prothrombotic factors 

1.2.8.1 Fibrinogen 

Fibrinogen is a plasma protein and biomarker of inflammation and its degradation products 

have been associated with microvascular leakage. Fibrinogen, which has a computed 

molecular weight of 340 kDa, is a soluble glycoprotein that is synthesised in the liver and 

found in the plasma in 'usual' concentrations of 1.5 to 4.5 git [130]. Currently, the 

recommended optimal range for fibrinogen is 2-3 git [130]. Many cardiovascular disorders 

are accompanied by an increased blood content of this high molecular weight plasma 

adhesion protein [26,95]. 

Fibrinogen plays an important role in blood coagulation [33]. When elevated, it identifies 

individuals who have a high risk for developing cardiovascular diseases [131] that involve 

inflammatory processes such as hypertension [132], diabetes and stroke [133]. Synthesis of 

fibrinogen involves other inflammatory mediators such as IL-6 [131] which, like fibrinogen, 

are associated with an elevation of blood pressure [132]. Because of its role in platelet 

aggregation, plasma viscosity and fibrin formation, fibrinogen is a haemostatic risk factor for 

CVD [134, 135]. 

Fibulin-1 can bind to fibrinogen and can be incorporated into fibrin clots, leading to vascular 

dysfunction [136]. Following vascular injury and inflammation, fibulin-1 presents in the 

extracellular matrix of the vessel wall, interacts with plasma fibrinogen and promotes platelet 

adhesion, leading to the formation of a platelet plug [28]. Importantly, epidemiological studies 
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have showed high plasma levels of fibrinogen as a risk factor for atherosclerosis progression 

and cardiovascular diseases, including stroke, coronary disease and peripheral arterial 

occlusive disease [132-134]. Kannel et al. concluded that fibrinogen and CRP determination 

may be useful tools to identify individuals at risk of thrombotic complications [26]. Hsue et al. 

found that fibrinogen levels were increased in HIV-infected participants [85]. 

The precise role of fibrinogen in CVD pathology is not completely clear. As an acute phase 

reactant, it might be a marker of inflammation which probably plays a role in CVD, since it 

seems as if a combination of inflammatory and thrombotic processes contributes to the 

development of CVD [137]. 

1.2.8.2 Plasminogen activator inhibitor-1 (PAl-1) 

Plasminogen activator inhibitor-I (PAl-1) belongs to the family of serpin protease inhibitors 

[138] and is secreted by a variety of cells [139]. It is seen as a coagulation marker [167] and 

elevated levels are associated with endothelial dysfunction and CVD [166]. In normal human 

plasma, PAl-1 (a protein with a molecular weight of 52 kDa) levels can range from 0.5-1.5 

nmol/ i [138]. By acting as a physiological inhibitor of tissue plasminogen activator (t-PA) and 

urokinase plasminogen activator (u-PA) to maintain the homeostasis of the blood 

coagulation process, PAl-1 is an important factor in blood coagulation [140]. 

An abnormal level of PAl-1 will disrupt the homeostasis, resulting in increased risk of 

thrombus formation, myocardial infarction and associated vascular diseases [141 ]. High 

plasma levels of PAl-1 may be associated with the development of atherosclerosis (141], 

where the high levels promote atherosclerotic plaque formation by decreasing the capacity 

to degrade fibrin, thus enhancing the chance for damaging thrombosis to develop plaque 

rupture [142]. Therefore, high levels of PAl-1 reduce fibrinolytic potential, thereby increasing 

the risk of CVD [142]. 
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1.2.9 Cardiovascular disease (CVD) in South Africa 

Cardiovascular disease (CVD) is the most widespread disease in the Western world 

[143, 144], and a leading cause of morbidity and mortality worldwide [145, 146]. Risk factors 

for CVD, both major and minor, include high blood pressure, type 2 diabetes, cancer, chronic 

lung disease and depression [147]. Neurological stroke and coronary artery disease already 

account for more than a third of deaths in people older than 65 years in South Africa [148]. 

CVD is also the product of a pathogenic process that is associated with the development of 

atherosclerotic plaque in the arteries [41 ]. 

Atherosclerosis consists of the formation of fibro-fatty and fibrous lesions, preceded and 

accompanied by inflammation [149]. It often takes years to become clinically apparent [149]. 

Atherosclerosis is a multi-factorial process that is associated with genetic, environmental and 

lifestyle factors [149]. Arterial wall damage results from the many complex interactions 

between noxious stimuli and the healing responses of the arterial wall. The mechanisms of 

the process of atherosclerosis are also not completely clear [149]. 

Hypertension affects a major proportion of the South African population with a high 

prevalence in the urban (56%) as well as the rural areas (20-23%) in South Africa, including 

the North-West Province [115, 148]. Cardiovascular disease is becoming the major cause of 

mortality among the black African population in South Africa [150, 151 ]. Recently, it was 

indicated that black Africans are more frequently diagnosed with heart failure than any of the 

other ethnic groups [148]. This might be due to the increase in urbanisation during the last 

decade, which resulted in non-communicable diseases to become more prevalent in this 

population group [150]. 
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1.2.11 Motivation for the study 

Fibulin-1 is associated with vascular damage and inflammation, which could lead to vascular 

dysfunction and has not been studied in HIV-infected individuals in the North-West Province 

of South Africa. The HIV infection rate is high in South Africa and a leading cause of 

morbidity and mortality worldwide [30]. HIV infection may lead to vascular damage and 

vascular inflammation. It may also increase the risk of CVD [13,50] and is associated with 

endothelial dysfunction [12,50], accelerated atherosclerosis [85] and coagulatory disorders 

[152]. Increased levels of inflammatory markers CRP and IL-6, as well as increased cell 

adhesion molecules, have been reported in the HIV-infected population [13, 14]. This 

increased concentration of circulating antigens causes profound functional changes of the 

endothelium which, in turn, activate and promote ECM remodelling, leading to vascular 

dysfunction. Once the vascular ECM is activated, MMPs are secreted. MMPs contribute to 

vascular remodelling that is associated with CVD [20]. Vascular remodelling involves the 

degradation and reorganisation of the ECM scaffold, and hypertrophy or hyperplasia of 

vascular smooth muscle cells (VSMCs), thus contributing to thickened vessel wall and 

vascular stiffness [21-23]. 

Following vascular injury and inflammation, fibulin-1 presents in the extracellular matrix of 

the vessel wall, interacts with plasma fibrinogen and promotes platelet adhesion, leading to 

the formation of a platelet plug [28]. After vascular injury, platelets interact with exposed 

subendothelial matrices [28]. The ability of fibulin-1 to bind to ECM proteins such as 

fibrinonectin [25] and elastin [29] may provide a means for fibrinogen to bind to 

subendothelial ECM and contribute to the formation of thrombus. These complications could 

become a serious health problem by increasing the prevalence of non-communicable 

diseases in South Africa. Although South Africa is the country with the highest HIV infection 

rate in the world, literature (especially longitudinal data concerning the HIV-infected black 

South Africans and the influence on CVD) is lacking to a great extent. 
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1.2.12 Questions arising from the literature 

• Will fibulin-1 be higher in HIV-infected South Africans in comparison with HIV-

uninfected South Africans? 

• Will fibulin-1 be associated with markers of vascular dysfunction such as blood 

pressure, slCAM-1, sVCAM-1, IL-6, PAl-1, PWV and PP in HIV-infected 

individuals? 

1.2.13 Outline of the study 

ThePURE Study 
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Figure 3: The outline of the PURE study's substudy 
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This substudy is embedded in the larger international Prospective Urban and Rural 

Epidemiology (PURE) study. The overarching PURE study is a prospective study that 

addresses questions regarding the cause and development of cardiovascular risk factors 

and disease within populations, particularly of low- and middle-income countries, including 

South Africa. The South African leg of the PURE study was performed in the North-West 

Province, where a total of 2 010 participants (1 004 urban and 1 006 rural) were randomly 

recruited from a rural and urban setting and screened during the baseline phase in 2005. 
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The inclusion criteria were volunteers over the age of 35 years with no self-reported 

diseases. 

For this substudy, the 300 newly identified HIV-infected participants (men and women) of 

the baseline PURE study population were individually matched with 300 HIV-uninfected 

participants (case-control design) according to age, gender, body mass index (BMI) and 

locality (urban and rural). After three years, 294 participants (N=154 HIV-uninfected and 

N=140 HIV-infected) were followed up. The test participants and control group were studied 

simultaneously. Of the HIV-uninfected group, 146 participants were lost to follow-up and in 

the HIV-infected group, 160 participants were lost to follow-up. The loss of participants could 

possibly be due to deaths or relocation. In fig. 3, an outline is given of the substudy of PURE 

in which HIV participants were employed. 

1.2.14 Objectives of the study 

Firstly, the objectives of this study were to determine whether fibulin-1 levels are elevated in 

HIV-infected South Africans in comparison with HIV-uninfected South Africans at baseline 

and after three years. Secondly, the objectives were to determine whether fibulin-1 is 

associated with markers of vascular function in the HIV-infected participants. 

1.2.15 Hypotheses 

The proposed hypotheses are the following: 

• Fibulin-1 will be higher in HIV-infected South Africans in comparison with HIV­

uninfected South Africans at baseline and after three years. 

• Fibulin-1 is associated with markers of vascular function such as blood pressure, 

slCAM-1, sVCAM-1, IL-6, PAl-1 PWV and PP in HIV-infected individuals. 

21 



1.2.16 References 

1. Argraves WS, Dickerson K, Burgess WH, Ruoslahti E: Fibulin, a novel protein that 

interacts with the fibronectin receptor beta subunit cytoplasmic domain. Cell 1989, 

58:623-629. 

2. De Vega S, Iwamoto T, Yamada Y: Fibulins: multiple roles in matrix structures and 

tissue functions. Cell Mo/ Life Sci2009, 66:1890-1902. 

3. Assoian RK, Marcantonio EE: The extracellular matrix as a cell cycle control element 

in atherosclerosis and restenosis. J Clin Invest 1996, 98:2436-2439. 

4. Cangemi C, Skov V, Poulsen MK, Funder JO, Twal W, Gall M, Hjortdal V, Jespersen M, 

Kruse TA et al.: Fibulin-1 Is a Marker for Arterial Extracellular Matrix Alterations in 

Type 2 Diabetes. Clin Chem 2011, 57(11):1556-1565. 

5. Hedin U, Roy J, Tran PK: Control of smooth muscle cell proliferation in vascular 

disease. Curr Opin Lipidol 2004, 15: 559-565. 

6. Argraves WS, Tran H, Burgess WH, Dickerson K: Fibulin is an extracellular matrix 

and plasma glycoprotein with repeated domain structure. J Cell Biol 1990, 

111 :3155-3164. 

7. Brooke JS, Cha JH, Eidels L: Latent transforming growth factor beta-binding 

protein-3 and fibulin-1C interact with the extracellular domain of the heparin 

binding EGF-like growth factor precursor. BMC Cell Biol 2002, 3:2. 

8. Moll F, Katsaros D, Lazennec G, Hellio N, Roger P, Giacalone PL et al.: Estrogen 

induction and overexpression of fibulin-1 C mRNA in ovarian cancer cells. 

Oncogene 2002, 21: 1097-1107. 

9. Glazier JJ, Spears JR, Murphy MC: lnterventional approach to recurrent myocardial 

infarction in HIV-1 infection. J lnterv Cardiol 2006, 19(1 ):93-98. 

10. Coll B, Van Wijk JP, Parra S et al.: Effects of rosiglitazone and metformin on 

postprandial paraxonase-1 and monocyte chemoattractant protein-1 in human 

22 



immunodeficiency virus-infected patients with lipodystrophy. Eur J Pharmacol 

2006, 544(1-30):104-110. 

11. Fourie CMT, Van Rooyen JM, Schutte AE: HIV infection and cardiovascylar risk in 

black South Africans. CVJA 2011, 22(3): 117-118. 

12. Constans J, Conri C: Circulating markers of endothelial function in cardiovascular 

disease. Clin Chim Acta 2006, 368(1-2):33-47. 

13. Fisher SD, Miller TL, Lipshultz SE: Impact of HIV and highly active antiretroviral 

therapy on leukocyte adhesion molecules, arterial inflammation, dyslipidemia, and 

atherosclerosis. Atherosclerosis 2006, 185(1):1-11. 

14. Wu JT, Wu LL: Linking inflammation and atherogenesis: soluble markers identified 

for the detection of risk factors and for early risk assessment. Clin Chim Acta 2006, 

366(1-2):7 4-80. 

15. Tedgui A, Mallat Z: Cytokines in atherosclerosis: pathogenic and regulatory 

pathways. Physiol Rev 2006, 86(2):515-581. 

16. Kuzuya M, Asai T, Kanda S, Maeda K, Cheng XW, lguchi A: Glycation cross-links 

inhibit matrix metalloproteinase-2 activation in vascular smooth muscle cells 

cultured on collagen lattice. Oiabetologia 2001, 44:433-436. 

17. Zieman SJ, Melenovsky V, Kass DA: Mechanisms, pathophysiology, and therapy of 

arterial stiffness. Arterioscler Thromb Vase Biol 2005, 25:932-943. 

18. Argraves WS, Tanaka A, Smith EP, Twal WO: Fibulin-1 and fibrinogen in human 

atherosclerotic lesions. Histochem Cell Biol 2009, 132:559-565. 

19. Lee NV, Rodriquez-Manzaneque JC, Thai SN, Twal WO, Luque A et al.: Fibulin-1 acts 

as a cofactor for the matrix mettaloprotease ADAMTS-1. J Boil Chem 2005, 

280:34796-34804. 

20. Castro MM, Tanus-Santos JE, Gerlach RF: Matrix metalloproteinases: Targets for 

doxycycline to prevent the vascular alterations of hypertension. Pharmacol Res 

2011, 64(6):567-572. 

23 



21. lntengan H, Schiffrin EL: Structure and mechanical properties of resistance arteries 

in hypertension: role of adhesion molecules and extracellular matrix determinants. 

Hypertension 2000, 36:312-318. 

22. lntengan HD, Schiffrin EL: Vascular remodelling in hypertension: roles of apoptosis, 

inflammation, and fibrosis. Hypertension 2001, 38:581-587. 

23. Humphrey JD: Mechanisms of arterial remodelling in hypertension: coupled roles 

of wall shear and intramural stress. Hypertension 2008, 52: 195-200. 

24. Arribas SM, Hinek A, Gonzalez MC: Elastic fibres and vascular structure in 

hypertension. Pharmacol Ther2006, 111:771-791. 

25. Balbona K, Tran H, Godyna S, Ingham KC, Strickland DK et al.: Fibulin binds to itself 

and to carboxyl-terminal heparin-binding region of fibrinonectin. J Biol Chem 1992, 

267:2012-2015. 

26. Kannel WB, Wolf PA, Castelli WP, D'agostino RB: Fibrinogen and risk of 

cardiovascular disease. J Am Med Ass 1987, 258: 1183-1186. 

27. Jarvelainen H, Sainio A, Koulu M, Wight TN, Penttinen R: Extracellular matrix 

molecules: Potential targets in pharmacotherapy. Pharmacol Rev 2009, 61: 198. 

28. Godyna S, Diaz-Ricart M, Argraves WS: Fibulin-1 mediates platelet adhesion via a 

bridge of fibrinogen. Blood 1996, 88:2569-2577. 

29. Sasaki T, Gohring W, Miosge Net al.: Tropoelastin binding to fibulins, nidogen-2 and 

other extracellular matrix proteins. FEBS Lett 1999, 460:280-284. 

30. UNAIDS Sub-Saharan Africa. Aids epidemic update: Regional Summary. 

http://data.unaids.org/pub/Report/2008/jc 1526epibriefs ssafrica en.p.d.f Date of 

access: 9 January 2011. 

31. Levy RA, Johnson JD, Hogg MK, Harrigan SR, Harrigan PR, Sobolev PB, Montaner SJ: 

The direct cost of HIV/AIDS care. Lancet 2006, 6:171-177. 

32. World Health Organization: Antiretroviral therapy for HIV infection in adults and 

adolescents. http://www.whqlibdoc.who.int/publications/2010/9789241599164 eng.pdf 

Date of access: 9 January 2011. 

24 



33. Novak T J, Handford AG: Pathophysiology. 3rd ed. Boston, Mass.: McGraw-Hill; 2004, 

737. 

34. Peeters M: The genetic variability of HIV-1 and its implications. Transfus Clin Biol 

2001, 8(3):222-225. 

35. Jacobs GB, De Beer C, Fincham JE, Adams V, Dhansay MA, Van Rensburg EJ, 

Engelbrecht S: Serotyping and genotyping of HIV-1 infection in residents of 

Khayelitsha, Cape Town, South Africa. J Med Viral 2006, 78: 1529-1536. 

36. Vergne L, Stuyver Let al.: Natural polymorphism in protease and reverse 

transcriptase genes and in vitro antiretroviral drug susceptibilities of non-B HIV-1 

strains from treatment-naive patients. J Clin Viral 2006, 36(1 ):43-49. 

37. Jacobs GB, De Beer C, Fincham JE et al.: Serotyping and genotyping of HIV-1 

infection in residents of Khayelitsha, Cape Town, South Africa. J Med Viral 2006, 

78(12): 1529-1536. 

38. Freire E: Overcoming HIV-1 resistance to protease inhibitors. Drug Discovery 

Today 2006, 3(2):281-286. 

39. Simon V, Ho DD, Abdool KQ: HIV/AIDS epidemiology, pathogenesis, prevention 

and treatment. Lancet 2006, 368(9534):489-504. 

40. De Larranaga GF, Bocassi AR, Puga LM et al.: Endothelial markers and HIV infection 

in the era of highly active antiretroviral treatment. Thromb Res 2003, 110(2-3):93-98. 

41. Sudano I, Spieker LE, Noll Get al.: Cardiovascular disease in HIV infection. Am Heart 

J2006, 151(6):1147-1155. 

42. Hansson GK: Inflammation, Atherosclerosis and Coronary Artery Disease. N Engl J 

Med 2005, 352:1685-1695. 

43. Ferri N, Paoletti R, Corsini A: Biomarkers for atherosclerosis: pathophysiological 

role and pharmacological modulation. Curr Opin Lipidol 2006, 17(5):495-501. 

44. Giannarelli C, Zafar MU, Badimon JJ: Prostanoid and TP-receptors in 

atherothrombosis: Is there a role for their antagonism? Thromb Haemost 2010, 

104:949-954. 

25 



45. Torriani FJ, Komarow L, Parker RA et al.: Endothelial function in human 

immunodeficiency virus-infected antiretroviral-naive subjects before and after 

starting potent antiretroviral therapy: the ACTG (AIDS Clinical Trials Group) study 

5152s. J Am Coll Cardiol 2008, 52:569-576. 

46. Oliviero U, Bonadies G, Apuzzi Vet al.: Human immunodeficiency virus per se exerts 

atherogenic effects. Atherosclerosis 2009, 204:586-589. 

47. Bengel FM. Atherosclerosis imaging on the molecular level. J Nucl Cardiol 2006, 

13(1):111-118. 

48. Cines DB, Pollak ES, Buck CA et al.: Endothelial cells in physiology and in the 

pathophysiology of vascular disorders. Blood 1998, 9141(10):3527-3561. 

49. Andrade AC, Cotter BR. Endothelial function and cardiovascular diseases in HIV­

infected patients. Braz J Infect Dis 2006, 10(2): 139-145. 

50. De Gaetano DK, Rabagliati R, lacoviello L, Cauda R: HIV infection, HAART and 

endothelial adhesion molecules: current perspectives. Lancet Infect Dis 2004, 

4(4):213-222. 

51. Ridker PM, Hennekens CH, Roitman-Johnson Bet al.: Plasma concentration of 

soluble intercellular adhesion molecule-1 and risks of future myocardial infarction 

in apparently healthy men. Lancet 1998, 351 (9096):88-92. 

52. Puppo F, Brenci S, Scudeletti Met al.: Elevated serum levels of circulating 

intercellular adhesion molecule-1 in HIV infection. AIDS 1993, 7(4):593-594. 

53. Seigneur M, Constans J, Blann A et al.: Soluble adhesion molecules and endothelial 

cell damage in HIV-infected patients. Thromb Haemost 1997, 77(4):646-649. 

54. Cominacini L, Rigoni A, Pasini AF et al.: The binding of oxidized low-density 

lipoprotein (ox-LDL) to ox-LDL receptor-1 reduces the intracellular concentration 

of nitric oxide in endothelial cells through an increased production of superoxide. 

J Biol Chem 2001, 276:13750-13755. 

55. Pearson JD: Endothelial cell function and thrombosis. Br J Haematol 1999, 12:329-

341. 

26 



56. Celermajer OS: Endothelial dysfunction: Does it matter? Is it reversible? J Am Coll 

Cardiol 1997, 30: 325-33. 

57. Gonzalez MA, Selwyn AP: Endothelial function, inflammation, and prognosis in 

cardiovascular disease. Am J Med 2003, 115(Suppl 8A):99-106. 

58. Bonetti PO, Lerman LO, Lerman A: Endothelial dysfunction: a marker of 

atherosclerotic risk. Arterioscler Thromb Vase Biol 2003, 23: 168-175. 

59. Stary HC: Evolution and progression of atherosclerotic lesions in coronary arteries 

of children and young adults. Arteriosclerosis 1989, 9(suppl I): 19-32. 

60. Sackner-Bernstein JD: The myocardial matrix and the development and 

progression of ventricular remodeling. Curr Cardiol Rep 2000, 2: 112-119. 

61. Hutchinson KR, Stewart JA, Lucchesi PA: Extracellular matrix remodeling during the 

progression of volume overload-induced heart failure. J Mo/ Cell Cardio/ 2010, 

48:564-569. 

62. Twal WO: Fibulin-1 suppression of fibronectin-regulated cell adhesion and motility. 

J Cell Sci 2001, 114:4587-4598. 

63. Clinton GM, Rougeot C, Derancourt J, Roger P, Defrenne A et al.: Estrogens increase 

the expression of fibulin-1, an extracellular matrix protein secreted by human 

ovarian cancer cells. Proc Natl Acad Sci 1996, 93:316-320. 

64. Qing J, Maher VM, Tran H, Argraves WS, Dunstan RW et al.: Suppression of 

anchorage-independent growth and matrigel invasion and delayed tumor 

formation by elevated expression of fibulin-1 D in human fibrosarcoma-derived cell 

lines. Oncogene 1997, 15:2159-2168. 

65. Kwan CY, Wang RR, Beazley JS, Lee RM: Alterations of elastin and elastase-like 

activities in aortae of diabetic rats. Biochim Biophys Acta 1988, 967:322-325. 

66. Tanna T, Yoshinaga K, Sato T: Alteration of elastin in aorta from diabetics. 

Atherosclerosis 1993, 101: 129-134. 

27 



67. McDonald TO, Gerrity RG, Jen C, Chen HJ, Wark K, Wight TN et al.: Diabetes and 

arterial extracellular matrix changes in a porcine model of atherosclerosis. J 

Histochem Cytochem 2007, 55:1149-1157. 

68. Cowan KN, Jones PL, Rabinovitch M: Elastase and matrix metalloproteinase 

inhibitors induce regression, and tenascin-C antisense prevents progression, of 

vascular disease. J Clin Invest 2000, 105:21-34. 

69. Parks WC, Mecham RP: Matrix metalloproteinases. San Diego, Calif.: Academic 

Press; 1998. 

70. Boden G, Song W, Pashko L, Kresge K: In vivo effects of insulin and free fatty acids 

on matrix metalloproteinases in rat aorta. Diabetes 2008, 57:476-483. 

71. Chung AW, Booth AD, Rose C, Thompson CR, Levin A, Van Breemen C: Increased 

matrix metalloproteinase 2 activity in the human internal mammary artery is 

associated with ageing, hypertension, diabetes and kidney dysfunction. J Vase 

Res 2008, 45:357-362. 

72. Sternlicht MD, Werb Z: How matrix metalloproteinases regulate cell behavior. Annu 

Rev Cell Dev Biol 2001, 17:463-516. 

73. Gomez DE, Alonso DF, Yoshiji H, Thorgeirsson UP: Tissue inhibitors of 

metalloproteinases: structure, regulation and biological functions. Eur 

J Cell Biol 1997, 74:111-122. 

74. Brew K, Dinakarpandian D, Nagase H: Tissue inhibitors of metalloproteinases: 

evolution, structure and function. Biochim Biophys Acta 2000, 1477:267-283. 

75. Asztalos BF, Schaefer EJ, Horvath KV et al.: Protease inhibitor-based HAART, HDL, 

and CHO-risk in HIV-infected patients. Atherosclerosis 2006, 184(1):72-77. 

76. Riddler SA, Smit E, Cole SR et al.: Impact of HIV infection and HAART on serum 

lipids in men. JAMA 2003, 289(22):2978-2982. 

77. Grinspoon SK: Metabolic syndrome and cardiovascular disease in patients with 

human immunodeficiency virus. Am J Med 2005, 118(2):23-28. 

28 



78. Guyton and Hall: Medical physiology. 9th ed. Philadelphia, Pa.: WB Saunders 

Company; 1996, 834-840. 

79. Mackness B, Hine D, Liu Y, Mastorikou M, Mackness M: Paraoxonase-1 inhibits 

oxidised LDL-induced MCP-1 production by endothelial cells. Biochem Biophys Res 

Comm 2004, 318:680-683. 

80. Castelli WP, Anderson K, Wilson PW, Levy D: Lipids and risk of coronary heart 

disease: the Framingham study. Ann Epidemiol 1992, 2:23-28. 

81. Barter PJ, Nicholls S, Rye KA et al.: Anti-inflammatory properties of HDL. Gire Res 

2004, 95(8):764-772. 

82. Plutzky J: The Vascular Biology of Arteriosclerosis. Am J Med 2003, 115. 

83. Stamos TD, Rosenson RS: Low high density lipoprotein levels are associated with 

an elevated blood viscosity. Arteriosclerosis 1998, 146:161-165. 

84. Abassi F, Mclaughlin T, Lamendola C, Kim HS, Tanaka A, Wang T, Nakajima K, 

Reaven GM: High carbohydrate diets, triglyceride rich lipoproteins, and coronary 

heart disease risk. Am J Cardiol 2000, 85:45-48. 

85. Hsue PY, Lo JC, Franklin A et al.: Progression of atherosclerosis as assessed by 

carotid intima-media thickness in patients with HIV infection. Circulation 2004, 

109( 13): 1603-1608. 

86. Rose H, Hoy J, Woolley I, Tchoua U, Bukrinsky M, Dart A, Sviridov 0: HIV infection and 

high-density lipoprotein metabolism. Atherosclerosis 2007, 199(1):79-86. 

87. Capili B, Anastasi JK: HIV and hyperlipidemia: current recommendations and 

treatment. Medsurg Nurs 2006, 15: 14-35. 

88. De Ferranti SD, Rifai N: C-reactive protein: a non- traditional serum marker of 

cardiovascular risk. Cardiovasc Pathol 2007, 16(1):14-21. 

89. Tedgui A, Mallat Z: Cytokines in atherosclerosis: pathogenic and regulatory 

pathways. Physiol Rev 2006, 86(2):515-581. 

90. Gabay C, Kushner I: Acute-phase proteins and other systemic responses to 

inflammation. Eng J med 1999, 340:448-454. 

29 



91. Steel OM, Whitehead AS: The major acute phase reactants: C-reactive protein, 

senun amyloid P component and serum amyloid A protein. Immunology today 1994, 

15:81-88. 

92. Das UN: Is obesity an inflammatory condition? Nutrition 2001, 17:953-966. 

93. Fried SK, Dove AB, Greenberg AS: Omental and subcutaneous adipose tissues of 

obese subjects release interleukin-6: depot difference and regulation by 

glucocorticoid. JC/in Endocrinol Metab 1998, 83(3):847-850. 

94. Ridker PM, Hennekens CH, Suring JE, Rifai N: C-reactive protein and other markers 

of inflammation in the prediction of cardiovascular disease in women. Eng J med 

2000, 342: 836-843. 

95. Ridker PM: Evaluating novel cardiovascular risk factors: Can we better predict 

heart attacks? Ann Inter Med 1999, 130:933-937. 

96. Kannel WB, Wolf PA, Castelli WP, D'Agostino RB: Fibrinogen and risk of 

cardiovascular disease. J Am Med Ass 1987, 258:1183-1186. 

97. Masia M, Bernal E, Padilla Set al.: The role of C-reactive protein as a marker for 

cardiovascular risk associated with antiretroviral therapy in HIV-infected patients. 

Atherosclerosis 2007, 195(1):167-171. 

98. Van Wijk JP, De Koning EJ, Cabezas MC et al.: Functional and structural markers 

of atherosclerosis in human immunodeficiency virus-infected patients. J Am 

Coll Cardiol 2006, 47(6):1117-1123. 

99. Janeway CA, Travers P, Walport M, Schlomchik MJ: lmmunobiology. 5th ed. New York: 

Garland Science; 2001. 

100. Aronson D, Sella R, Sheikh-Ahmad M, Kerner A et al.: The association between 

cardiorespiratory fitness and C-reactive protein in subjects with the metabolic 

syndrome. J Am Coll Cardiol 2004(a), 44(10):2003-2007. 

101. Pischon T, Hankinson SE, Hotamisligil GS, Rifai N, Rimm EB: Leisure-time physical 

activity and reduced plasma levels of obesity-related inflammatory markers. 

Obesity res 2003, 11(9):1055-1064. 

30 



102. Aronson D, Sheikh-Ahmad M, Avizohar 0, Kerner A et al.: C- reactive protein is 

inversely related to physical fitness in middle-aged subjects. Atherosclerosis, 

2004(b), 176:173-179. 

103. Sidenius N, Sier CFM, Ullum H, Pedersen BK, Lepri AC, Blasi F et al.: Serum level of 

soluble urokinase-type plasminogen activator receptor is a strong and 

independent predictor of survival in human immunodeficiency virus infection. 

Blood 2000, 96:4091-4095. 

104. Anderson 0, Eugen-Olsen J, Kofoed K, Iversen J, Haugaard SB: Soluble urokinase 

plasminogen activator receptor is a marker of dysmetabolism in HIV-infected 

patients receiving highly active antiretroviral therapy. J Med Viral 2008, 80(2):209-

216. 

105. Plesner T, Behrendt N, Ploug M: Structure, function and expression on blood and 

bone marrow cells of the urokinase-type plasminogen activator receptor, uPAR. 

Stem Cells 1997, 15: 398-408. 

106. Ostergaard C, Benfield T, Lundgren JD, Eugen-Olsen J: Soluble urokinase receptor 

is elevated in cerebrospinal fluid from patients with purulent meningitis and is 

associated with fatal outcome. Scand J Infect Dis 2004, 36(1):14-19. 

107. Huai Q, Mazar AP, Kuo A, Parry GC, Shaw DE, Callahan Jet al.: Structure of human 

urokinase plasminogen activator in complex with its receptor. Science 2006, 

311 :656-659. 

108. Kofoed K, Eugen-Olsen J, Petersen J, Larsen K, Andersen 0: Predicting mortality 

in patients with systemic inflammatory response syndrome: an evaluation of 

two prognostic models, two soluble receptors, and a macrophage migration 

inhibitory factor. Eur J Clin Microbiol Infect Dis 2008, 27:375. 

109. Eugen-Olsen J, Gustafson P, Sidenius N, Fischer TK, Pamer J, Aaby Pet al.: The 

serum level of soluble urokinase receptor is elevated in tuberculosis patients 

and predicts mortality during treatment: a community study from Guinea-

31 



Bissau. Int J Tuberc Lung Dis 2002, 6:686-692. 

110. Andersen 0, Eugen-Olsen J, Kofoed K, Iversen J, Haugaard SB: Soluble urokinase 

plasminogen activator receptor is a marker of dysmetabolism in HIV-infected 

patients receiving highly active antiretroviral therapy. J Med Virol 2008, 80:20930. 

111.Djoba Siawaya JF, Ruhwald M, Eugen-Olsen J, Walzl G: Correlates for disease 

progression and prognosis during concurrent HIV/TB infection. Int J of Infect 

Dis 2007, 11 :289-299. 

112.0strowski SR, Katzenstein TL, Piironen T, Gerstoft J, Pedersen BK, Ullum H: Soluble 

urokinase receptor levels in plasma during 5 years of highly active antiretroviral 

therapy in HIV-1-infected patients. J Acquir Immune Defic Syndr2004, 35:337-342. 

113. Kolb H, Mandrup-Poulsen T: An immune origin of type 2 diabetes? Diabetologia 

2005, 48:1038-1050. 

114. Blasi F, Carmeliet P: uPAR: a versatile signalling orchestrator. Nat Rev Mo/ Cell Biol 

2002, 3:932-943. 

115. Van Rooyen JM, Kruger HS, Huisman HW et a/.: An epidemiological study of 

hypertension and its determinants in a population in transition: the THUSA study. 

J Hum Hypertens 2000, 14(12):779-787. 

116. Nakashima Y, Raines EW, Plump AS, Breslow JL, Ross R: Upregulation of VCAM-1 

and ICAM-1 at atherosclerosis-prone sites on the endothelium in the ApoE­

deficient mouse. Arterioscler Thromb Vase Bio/ 1998, 18:842-851. 

117.Ross R: Atherosclerosis: an inflammatory disease. N Engl J Med 1999, 340:115-

126. 

118.Pradhan AD, Rifai N, Ridker PM: Soluble intercellular adhesion molecule-1, soluble 

vascular adhesion molecule-1, and the development of symptomatic peripheral 

arterial disease in men. Circulation 2002, 106:820-825. 

119.Galea P, Vermot-Desroches C, Le Contel C, Wijdenes J, Chermann JC: Circulating 

cell adhesion molecules in HIV1-infected patients as indicator markers for AIDS 

progression. Res lmmunol 1997, 148(2):109-117. 

32 



120.Lafeuillade A, Alessi MC, Poizot-Martin I et al.: Endothelial cell dysfunction in HIV 

infection. J Acquir Immune Defic Syndr 1992, 5: 127-131. 

121.Puppo F, Brenci S, Scudeletti M, Lanza L, Bosco 0, lndiveri F: Elevated serum levels 

of circulating intercellular adhesion molecule-1 in HIV infection. AIDS 1993, 7:593-

594. 

122.Sipsas N, Sfikakis PP, Sfikakis P, Choremi H, Kordossis T: Serum concentrations of 

soluble intercellular adhesion molecule-1 and progress towards disease in 

patients infected with HIV. J Infect 1994, 29:271-282. 

123. Dhawan S, Puri RK, Kumar A, Duplan H, Masson JM, Aggarwal BB: Human 

immunodeficiency virus-1-tat protein induces the cell surface expression of 

endothelial leukocyte adhesion molecule-1, vascular cell adhesion molecule-1, 

and intercellular adhesion molecule-1 in human endothelial cells. Blood 1997, 

90: 1535-1544. 

124. Hofman FM, Wright AD, Dohadwala MM, Wong-Staal F, Walker SM: Exogenous tat 

protein activates human endothelial cells. Blood 1993, 82:2774-2780. 

125. Hwang SJ, Ballantyne CM, Sharrett AR, Smith LC, Davis CE, Gottojr AM et al.: 

Circulating adhesion molecules VCAM-1, ICAM-1 and E-selectin in carotid 

atherosclerosis and incident coronary heart disease cases: the Atherosclerosis 

Risk In Communities (ARIC) study. Circulation 1997, 96:4219-4225. 

126.London GM, Guerin AP, Marchais SJ, Pannier B, Safar ME et al.: Cardiac and arterial 

interactions in end-stage renal disease. Kidney Int 1996, 50:600-608. 

127. Cameron JD, Bulpitt CJ, Pinto ES et al.: The aging of elastic and muscular arteries: 

a comparison of diabetic and non-diabetic subjects. Diabetes Care 2003, 

26(7):2133-2138. 

128. Cruickshank K, Riste L, Andersen SG, Wright JS et al.: Aortic pulse-wave velocity 

and its relationship to mortality in diabetes and glucose intolerance: an integrated 

index of vascular function? Circulation 2002, 106:2085-2090. 

129. Pietri P, Vyssoulis G, Vlachopoulos C, Zervoudaki A, Gialernios T et al.: Relationship 

33 



between low grade inflammation and arterial stiffness in patients with essential 

hypertension. J Hypertens 2006, 24:2231-2238. 

130. Dupperray A, Languino LR, Plescia J, Mcdowall A, Hogg N et al.: Molecular 

identification of a novel fibrinogen binding site on the first domain of ICAM-1 

regulating leukocyte-endothelium bridging. J Biol Chem 1997, 272:435-441. 

131. Paramo JA, Beloqui 0, Roncal C, Benito A, Orbe J: Validation of plasma fibrinogen 

as a marker of carotid atherosclerosis in subjects free of clinical cardiovascular 

disease. Haematologic 2004, 89: 1226-1231. 

132. Danesh J, Collins R, Appleby P, Peto R: Association of fibrinogen, C-reactive 

protein, albumin, or leukocyte count with coronary heart disease: meta-analyses 

of prospective studies. J Am Med Assoc 1998, 279:1477-1488. 

133. Ma J, Hemekens CH, Ridker PM, Stampfer MJ: A prospective study of fibrinogen 

and risk of myocardial infarction in the physicians' health study. J Am Coll Cardiol 

1999, 33:1347-1352. 

134. Lowe GOO: Fibrinogen and cardiovascular disease: historical introduction. Eur 

Heart J 1995, 16:2-5. 

135. Smith EB: Fibrinogen, fibrin and the arterial wall. Eur Heart J 1995, 16: 11-14. 

136. Tran H: Human fibulin-1 D: molecular cloning, expression and similarity with 515 

protein, a new member of the fibulin gene family. Matrix Biol 1997, 15:479-493. 

137. Morange PE, Alessi MC, Juhan V: Relations between hemostatic variables, 

insulin resistance and inflammation. Haematology journal 2004, 15-19. 

138.Verschuur M, Jellema A, Bladbjerg EM, Feskens EJM, Mensink RP, Mclller Let al.: 

Plasminogen activator inhibitor-I (PAl-1) promoter haplotype is related to PAl-1 

plasma concentrations in lean individuals. Atherosclerosis 2005, 181 :275-284. 

139. Devaraj S. Jialal I: C-reactive protein increases plasminogen activator inhibitor-1 

expression and activity in human aortic endothelial cells. Circulation 2003,107:398-

404. 

140. Schneider DJ: Diabetes, PAl-1 and atherogenesis. 

34 



http://www. i- circ. or. i-/enqlish/sessions/re-ortsl64th-ssldschneider. htm. Date of 

access: 17 August 2011. 

141. Yamamoto K, Takeshita K, Kojima T et al.: Aging and plasminogen activator 

Inhibitor 1 (PAl-1) regulation: implication in the pathogenesis of thrombotic 

disorders in the elderly. Cardiovasc Res 2005, 66(2):276-285. 

142. Lyon CJ, Hsueh WA: Effect of plasminogen activator inhibitor-1 in diabetes 

mellitus and cardiovascular disease. Am J Med 2003, 115(8):62S-68S. 

143. American Heart Association: Heart disease and stroke statistics, 2003 update. 

http://www.americanheart.org. Date of access: 11 Augustus 2011. 

144. American Diabetes Association: The diabetes assistant and resources program. 

http://www.diabetes.org/main/communitv/outreach/latinos/dar.isp. Date of access: 11 

August 2011. 

145. Schillaci G, De Socio GV, Pucci Get al.: Aortic stiffness in untreated adult patients 

with human immunodeficiency virus infection. Hypertension 2008, 52(2):308-313. 

146. Mayosi BM, Fisher AJ, Lalloo UG et al.: The burden of non-communicable diseases 

in South Africa. Lancet 2009, 374(9693):934-947. 

147. Wilson PWF, D'Agostino RB, Levy D, et al.: Prediction of coronary heart disease 

using risk factor categories. Circulation 1998, 97: 1837-184 7. 

148. Sliwa K, Wilkinson D, Hansen C et al.: Spectrum of heart disease and risk factors in 

a black urban population in South Africa (the Heart of Soweto study): a cohort 

study. Lancet 2008, 371 (9616):91522. 

149. Jairath N: Coronary heart disease and risk factor management. Philadelphia, Pa.: 

WB Saunders Company;1999, 19:106. 

150. Malan L, Schutte AE, Malan NT, Wissing MP, Vorster HH, Steyn HS et al.: Coping 

mechanisms, perception of health and cardiovascular dysfunction in Africans. 

Int J Psychophysiol 2006, 61(2):158-166. 

151. Hinderliter AL, Blumenthal JA, Waugh R, Chilukuri M, Sherwood A: Ethnic differences 

in left ventricular structure: relations to hemodynamics and diurnal blood 

35 



pressure variation. Am J Hypertens 2004, 17:43-49. 

152. Shen YM, Frenkel EP: Thrombosis and a hypercoagulable state in HIV-infected 

patients. Clin Appl Thromb Hemost 2004, 10(3):277-280. 

153. World Medical Association Declaration of Helsinki: Ethical principals for medical 

research involving human subjects. http://www.wma.netJe/policy/b3.htm. Date of 

access: 25 June 2011. 

154. Johnson R, McNutt P, MacMahon S, Robson R: Use of the Friedewald formula to 

estimate LDL-cholesterol in patients with chronic renal failure on dialysis. Clin 

Chem 1997, 43:2183-2184. 

36 



INSTRUCTIONS TO AUTHORS 
Submission to: Journal of inflammation (Impact factor: 2.02) 

1 . Title page 
Write the title of the article. 
List the full names, institutional addresses and email addresses of all the authors. 
Indicate the corresponding author. 

2. Abstract 
The abstract of the manuscript should not exceed 350 words and must be 
structured into separate sections: 
Background (the context and purpose of the study); Methods (how the study was 
performed and which statistical tests were used); Results (the main findings); and 
Conclusions (a brief summary and the potential implications). Please minimise 
the use of abbreviations and do not cite references in the abstract. Trial 
registration: If your research articles report the results of a controlled health care 
intervention, please list your trial registry, along with the unique identifying 
number (e.g. Trial registration: Current Controlled Trials ISRCTN73824458). 
Please note that there should be no space between the letters and numbers of 
your trial registration number. 

3. Keywords 
Three to ten keywords representing the main content of the article. 

4. Background 
The Background section should be written in a way that is accessible to 
researchers without specialist knowledge in that area and must clearly state -
and. if helpful, illustrate - the background to the research and its aims. Reports of 
clinical research should, where appropriate, include a summary of a search of the 
literature to indicate why this study was necessary and what it aimed to contribute 
to the field. The section should end with a brief statement of what is being 
reported in the article. 

5. Methods 
The Methods section should include the design of the study, the setting, the type 
of participants or materials involved, a clear description of all interventions and 
comparisons, and the type of analysis used, including a power calculation if 
appropriate. Generic drug names should generally be used. When proprietary 
brands are used in research, include the brand names in parentheses in the 
Methods section. 

6. Results and discussion 
The Results and discussion may be combined into a single section or presented 
separately. Results of statistical analysis should include. where appropriate, 
relative and absolute risks or risk reductions, and confidence intervals. The 
Results and discussion sections may also be broken into subsections with short, 
informative headings. 

38 



7. Conclusions 
This should state clearly the main conclusions of the research and give a clear 
explanation of their importance and relevance. Summary illustrations may be 
included. 

8. List of abbreviations 
If abbreviations are used in the text, they should be defined in the text at first use, 
and a list of abbreviations can be provided, which should precede the competing 
interests and authors' contributions. 

9. Acknowledgements 
Please acknowledge anyone who contributed towards the article. Please also 
include the source(s) of funding for each author, and for the manuscript 
preparation. Authors must describe the role of the funding body, if any, in design, 
in the collection. analysis, and interpretation of data, in the writing of the 
manuscript. and in the decision to submit the manuscript for publication. Please 
also acknowledge anyone who contributed materials essential for the study. If a 
language editor has done significant revision of the manuscript, we recommend 
that you acknowledge the editor by name, where possible. 

10. References 
All references, including URLs, must be numbered consecutively, in square 
brackets, in the order in which they are cited in the text. followed by any in tables 
or legends. Each reference must have an individual reference number. Please 
avoid excessive referencing. If automatic numbering systems are used, the 
reference numbers must be finalised and the bibliography must be fully formatted 
before submission. 
References with correct punctuation should be styled as follows for journals: 
Koonin EV, Altschul SF, Bork P: BRCA1 protein products: functional motifs. 
Nat Genet 1996, 13:266-267. 

39 



Fibulin-1 as a marker of cardiovascular disease in 

HIV-infected black South Africans: a prospective 

study 

Anel Pretorius, Johannes Marthinus Van Rooyen, Hugo Willem Huisman and Carla Maria T 

Fourie. 

Institutional address: Hypertension in Africa Research Team (HART), North-West 
University, Potchefstroom Campus, Private Bag X6001, Corner of Hoffman and 
Meyer Street, Potchefstroom, 2520, South Africa 

Corresponding author: Johannes M Van Rooyen (DSc) 
Address: Hypertension in Africa Research Team (HART), North-West University, 
Potchefstroom Campus, Private Bag X6001, Corner of Hoffman and Meyer Street, 
Potchefstroom, 2520, South Africa 
Tel: +27 18 299 2440 
E-mail: johannes.vanrooyen@nwu.ac.za 

E-mail addresses of all the authors: 

A Pretorius: 20727925@nwu.ac.za 

JM van Rooyen: johannes.vanrooyen@nwu.ac.za 

HW Huisman: hugo.huisman@nwu.ac.za 

CMT Fourie: carla.fourie@nwu.ac.za 

40 



Abstract 

Background: Human immunodeficiency virus (HIV) infection causes functional changes to 

the endothelium that resemble inflammation, which may lead to endothelial dysfunction. The 

high Soluble urokinase plasminogen activator receptor (suPAR) and low high density 

lipoprotein cholesterol (HDL-C) levels suggest the possibility that the HIV-infected 

participants are more prone to develop vascular damage. This may result in further 

extracellular matrix remodelling, which is seen as the link between infection, inflammation 

and vascular dysfunction. Changes in fibulin-1 levels have consequences to vascular 

structural integrity; maintaining the integrity of the extracellular matrix in the blood vessel wall 

seems critical in the prevention of cardiovascular disease. 

Methods: The 300 newly diagnosed HIV-infected participants were compared to 300 

uninfected controls of the same age, gender, body mass index and locality. After three 

years, 294 participants (N=154 HIV-uninfected and N=140 HIV-infected) were followed up. 

Comparisons were made and associations determined by independent t-tests and analysis 

of covariance. Dependent t-tests were used to compare baseline and follow-up 

measurements of cardiovascular variables within HIV-infected and HIV-uninfected 

participants. The percentage change was determined in all the groups over a period of three 

years. Fasting lipids, serum glucose and C-reactive protein were determined with the 

Konelab in 2005 and the Beckman Coulter in 2008. Low-density lipoprotein-cholesterol 

(LDL-C) was calculated by the Friedewald formula. Fibulin-1 concentration was determined 

with sandwich immunoassay. 

Results: The HIV-infected participants exhibited higher fibulin-1 levels, as well as high 

Intracellular adhesion molecules-1 (slCAM-1), Vascular adhesion molecules-1 (sVCAM-1) 

and suPAR levels and low HDL-C levels in comparison with their uninfected control group. 

No significant associations were found between fibulin-1 and markers of vascular function, 

namely slCAM-1, sVCAM-1, IL-6, fibrinogen, suPAR, pulse pressure or pulse wave velocity. 

Percentage change in fibulin-1 is associated with percentage change triglyceride/high-
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density lipoprotein-cholesterol ratio (TG/HDL-C) in HIV-infected participants and in the entire 

group. No associations were found between percentage change fibulin-1 TG/HDL-C ratio in 

the HIV-uninfected group. 

Conclusions: Fibulin-1 levels were significantly higher in HIV-infected participants in 

comparison with HIV-uninfected participants at baseline and after three years. The 

association of the percentage change in fibulin-1 and TG/HDL-C ratio suggested that 

vascular changes were present in HIV-infected participants and that they might be more at 

risk to develop cardiovascular disease, opposed to the HIV-uninfected participants. 

Keywords: Fibulin-1, HIV, vascular dysfunction, inflammation, CVD 
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Background 

Fibulin-1 is a fibrinogen-binding plasma protein and is part of a small group of extracellular 

matrix (ECM) proteins, including von Willebrand factor and fibronectin that are present in the 

blood at relatively high levels [1]. The protein fibulin-1 has been found in structures such as 

connective tissue fibres and basement membrane [2,3]; it maintains the structural integrity 

against mechanical strain over a lifetime [3]. Changes in Fibulin-1 is associated with vascular 

damage and inflammation [3], which could lead to vascular dysfunction and has not been 

studied in HIV-infected individuals in the North-West Province of South Africa. 

The ECM is a highly adaptive and dynamic structure that is influenced by mechanical stress, 

inflammation and oxidative stress [4]. It has been suggested that changes in the ECM could 

contribute to arterial stiffness, which could lead to CVD [5]. Changes in fibulin-1 levels have 

consequences to vascular structural integrity and maintaining the integrity of the ECM in the 

blood vessel wall, and may be critical in preventing cardiovascular disease [6]. 

The HIV infection rate is high in South Africa. HIV infection may lead to vascular damage 

and vascular inflammation [7]; it may also increase the risk of CVD [8] and is associated with 

endothelial dysfunction [9], accelerated atherosclerosis [10] and coagulatory disorders [11]. 

In HIV infection, the endothelium is under the combined influence of a viral load that 

activates or injures the endothelium [12], causing functional changes to the endothelium [12] 

that resemble inflammation [13] and this may lead to endothelial dysfunction. Increased 

levels of CRP, IL-6 [14] and increased CAM (ICAM-1 and VCAM-1) [7,9, 14, 15] have been 

reported in the HIV-infected population [8]. 

Although South Africa is the country with the highest number of people living with HIV 

infection in the world, literature concerning the HIV-infected black South Africans and the 

influence of fibulin-1 on ECM is non-existent. The high suPAR levels and low HDL-C levels 

suggest the possibility that the HIV-infected participants are more prone to develop vascular 
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damage, which may result in further ECM remodelling; this is seen as the link between 

infection, inflammation, thrombotic activity and vascular dysfunction [1]. Therefore, the aim of 

this study was firstly to determine the fibulin-1 levels in HIV-infected South Africans in 

comparison with HIV-uninfected South Africans at baseline and after three years. Secondly, 

the aim was to determine the association between fibulin-1 and markers of cardiovascular 

dysfunction and percentage change of variables over a period of three years, and to 

determine associations between the cardiovascular variables and fibulin-1 within HIV-

infected and HIV-uninfected participants. 

Methods 

Study design and participants 

This substudy is embedded in the larger international PURE study. The overarching PURE 

study is a prospective study that will track changes in risk factors and chronic diseases by 

using periodic, standardised data collection in urban and rural areas of 17 developing 

countries in transition, including South Africa. The South African leg of the PURE study was 

performed in the North-West Province, where a total of 2 010 participants (1 004 urban and 

1 006 rural) were randomly recruited from a rural and urban setting and screened during the 

baseline phase in 2005. For this substudy, the 300 newly identified HIV-infected participants 

(men and women) of the baseline PURE study population were individually matched with 

300 HIV-uninfected participants (case-control design) according to age, gender, BMI and 

locality (urban and rural). After three years, 294 participants (N=154 HIV-uninfected and 

N=140 HIV-infected) were followed up. The test participants and control group were studied 

simultaneously. Of the HIV-uninfected group, 146 participants were lost to follow-up and in 

the HIV-infected group, 160 participants were lost to follow-up. The loss of participants could 

possibly be due to deaths or relocation. 
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Ethical considerations 

After all procedures had been explained to them in their home language, each participant 

gave written, informed permission to participate in the study. This study was approved by the 

Ethics Review Board of the North-West University and the study protocol conformed to the 

ethical guidelines of the Declaration of Helsinki (2008) for investigation of human 

participants. 

Experimental protocol 

For the data collection, participants arrived each morning at the research locality of the rural 

or urban areas at 08:00. They were introduced to the setup and after the procedures had 

been explained, they signed the informed consent forms and received HIV pre-counselling 

that was given by trained counsellors. The HIV-infected participants were referred to the 

local clinic or hospital if necessary. Feedback on the HIV status and cardiovascular variables 

of the participants were also given during individual post-counselling. In the course of the 

morning, demographic and lifestyle questionnaires were completed with the help of the 

specially trained field workers in each subject's home language. Lifestyle data included self­

reported current tobacco and alcohol use, as well as medical history. 

Anthropometric measurements 

Waist circumference, height and weight were measured by using standardised procedures. 

Body height, weight, hip and waist circumference were measured (Precision Health Scale, A 

& 0 Company, Japan; lnvicta Stadiometer, IP 1465, UK; Holtain unstretchable metal tape). 

Cardiovascular measurements 

The OMRON HEM-757 (Omron, Kyoto, Japan) apparatus, which is a British Hypertension 

Society/Advancement of Medical Instrumentation (BHS/AAMI) -validated apparatus, was 

used to determine heart rate, systolic blood pressure (SBP) and diastolic blood pressure 
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(DBP) with the cuff on the left upper arm in the sitting position. Suitable cuffs were used for 

obese participants. 

PP was subsequently calculated by the difference in SBP and DBP. The cr-PWV was 

measured with the Complier SP Acquisition system (Artech Medical, Pantin, France) on the 

left side of each participant in the supine position. An increase in cr-PWV gives an indication 

of arterial stiffness and the development of atherosclerosis. 

Biochemical analyses 

All participants were asked to fast for a minimum time of eight hours. For the baseline study, 

fasting lipids (total cholesterol, HDL-C and TG), serum glucose and serum hs-CRP were 

determined with the Konelab autoanalyser (Thermo Fisher Scientific Oy, Vantaa, Finland); 

for the study in 2008, the above mentioned were determined with the Beckman Coulter DxC 

800 Synchron ®Clinical System (Beckman Coulter Inc., CA). Serum concentrations of hs-IL-

6 were measured by using human ELISAs (Quantikine® HS ELISA, R&D Systems, 

Minneapolis, USA). 

The suPAR levels were measured by using the suPARnostic ® ELISA kit (ViroGates, 

Copenhagen, Denmark). Concentrations of slCAM-1 and sVCAM-1 were assessed by 

sandwich ELISAs (human slCAM-1 and human sVCAM-1 assay, IBL, Hamburg, Germany); 

slCAM-1 and sVCAM-1 were only determined in 2005. LDL-C was calculated by using the 

Friedewald formula [LDL =TC - HDL - (0.45 X TG)). 

Fibulin-1 was determined by using a two-antibody sandwich ELISA immunoassay [3). 

Microtiter cells were coated overnight with 3/tg/mi mouse anti-fibulin monoclonal 5012/H7 

lgG in 0.1 M sodium carbonate buffer with a pH of 9.5. The chromogenic substrate p­

nitrophenyl phosphate (Sigma Chemical Co.) was used to measure cell-bound enzymatic 

activity. The concentration of the fibulin-1 standard was determined by the Bradford assay. 
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The quantitative determination of fibrinogen in plasma was performed by the Multifibren U­

test (Dade Behring), a modification of the Clauss method on the Dade Behring BCS 

coagulation analyser. The quantification of PAl-1 activity was performed by a chromogenic 

assay kit, Spectrolyse®/pl PAl-1 (Trinity Biotech pie, Bray Co, Ireland). 

The HIV status was determined with rapid tests directly after blood sampling in accordance 

with the protocol of the National Department of Health of South Africa. Serum was used for 

testing with the First Response test and was repeated with the Pareeshak card test to 

confirm the results. 

Statistical analyses 

Statistica software v10.0 (StatSoft, Inc., Tulsa, OK, USA) was used for statistical analysis. 

Normal distribution of the variables was tested prior to any statistical analysis. Variables that 

did not fulfil these criteria (hs-CRP, HDL-C, TG, hs-IL6, slCAM-1, sVCAM-1, PAl-1 and 

fibrinogen) were normalised by logarithmic transformation before analysis, reporting the 

geometric mean and the 5th and 95th percentile intervals. Independent t-tests were 

performed to compare means between HIV-infected and HIV-uninfected Africans in the 

baseline study. Chi-square tests were used to compare proportions. An ANCOVA was 

performed to compare the characteristics of the continuous variables of the HIV-infected and 

HIV-uninfected groups whilst adjusting for age, BMI and gender. Additionally, cr-PWV was 

adjusted for mean arterial pressure. Dependent t-tests were used to compare the baseline 

and follow-up measurements of cardiovascular variables within HIV-infected and HIV­

uninfected participants. The percentage change in all the groups was also determined over a 

period of three years. Pearson and partial correlations were performed to explore adjusted 

and unadjusted associations between change of fibulin-1 and cardiovascular variables in 

each group. P-values of s0.05 were considered statistically significant. 
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Results 

The characteristics of the HIV-infected and HIV-uninfected participants in the baseline study 

(2005) are compared in Table 1. The HIV-infected and HIV-uninfected participants did not 

differ with respect to age, BMI or WC. The fibulin-1 levels were significantly higher in the 

HIV-infected group in comparison with the HIV-uninfected group (83.86 µg/mt vs. 73.20 

µg/mt, p = 0.003). The PP (p = 0.02), total cholesterol (TC) (p = <0.001 ), fibrinogen 

(p = 0.004), HDL-C (p = <0.001), glucose (p = 0.05) and TG (p = <0.001) were all 

significantly lower in the HIV-infected participants. The SBP of the HIV-infected participants 

was borderline significantly lower (p = 0.07) in comparison with the HIV-uninfected. The 

cr-PWV (p = 0.03), TC/HDL-C ratio (p = <0.001), TG/HDL-C ratio (p = <0.001), slCAM-1 (p = 

0.005), sVCAM-1 (p = <0.001) and suPAR (p = 0.01) were significantly higher in the HIV­

infected group. There were more tobacco users in the HIV-infected group in comparison with 

the HIV-uninfected group (45.7% vs. 40.26%, p<0.001 ). The self-reported use of alcohol was 

higher in HIV-uninfected groups in comparison with HIV-infected groups (29.22% vs. 

26.43%, p<0.001 ). 

Table 2 displays the adjusted differences between the HIV-uninfected and HIV-infected 

participants in the baseline study of 2005 and the follow-up in 2008. Adjustments were made 

for age, gender and BMI. Additionally, cr-PWV was also adjusted for mean arterial pressure. 

The cholesterol was significantly higher in the HIV-uninfected group in 2005 (p = <0.001) 

and in 2008 (p = 0.04). In the HIV-infected group, the TG levels (0.82, p = <0.001) were 

lower in the baseline study, but higher (1.05, p = 0.03) in the follow-up study. At baseline 

(2005), the higher levels of fibulin-1 (p = 0.002), slCAM-1 (p = 0.004), sVCAM-1 (p = 

<0.001 ), suPAR (p = 0.01) and fibrinogen (p = 0.003) in the infected group remained 

significant. Data is not shown in Table 2. Fibulin-1 and suPAR levels differed in 2008. In the 

HIV-infected group, the fibulin-1 levels (80.79 p=0.04) were lower in the follow-up study, but 

higher (83.71 p=0.002) in the baseline study. The suPAR levels (4.03 P=0.02) were lower in 

the baseline study, but higher (4.49 p=0.004) in the follow-up study. The significant higher 
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cr-PWV at baseline (p = 0.005) disappeared in the HIV-infected group and no differences 

were found during the follow-up study (p = 0.51). TC/HDL-C ratio and TG/HDL-C ratio levels 

were all higher in the HIV-infected participants in comparison with the HIV-uninfected 

participants in the baseline and follow-up study. 

Pearson and partial correlations were used to explore adjusted and unadjusted associations, 

but no significant associations were found between fibulin-1 and markers of vascular 

function, namely slCAM-1, sVCAM-1, PP, IL-6, PAl-1 or PWV. Dependent t-tests were used 

to compare the baseline and follow-up measurements of cardiovascular variables within HIV­

infected and HIV-uninfected participants, but no significant differences were found. The 

researchers, therefore, proceeded to calculate the percentage change within all groups over 

a period of three years (2005-2008). 

In Table 3, percentage change in the cardiometabolic profile of HIV-infected and HIV­

uninfected participants over a period of three years is shown. There were no significant 

differences in percentage change in fibulin-1, TC/HDL-C ratio, TG/HDL-C ratio, cr-PWV 

and PP between the HIV-infected and HIV-uninfected participants over the period of three 

years. 

Table 4 shows unadjusted and adjusted correlations of the changes in cardiometabolic 

variables with percentage change in fibulin-1 within all the groups over a period of three 

years. In the single regression analyses, a significant positive correlation exists between 

percentage change in fibulin-1 and TG/HDL-C ratio in the entire group (r = 0.19, p = 0.001) 

and a borderline positive correlation in the HIV-infected participants (r = 0.24, p = 0.006). 

After the adjustments had been made for age, BMI and gender, the association between 

change in fibulin-1 and TG/HDL-C ratio in the HIV-infected participants (r = 0.200, p = 

0.009) remained significant. A significant positive correlation (r = 0.17, p = 0.04) was seen 

between percentage change in fibulin-1 and suPAR in the HIV-uninfected group, but no 

positive correlation was found with suPAR in the unadjusted correlations. 
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Table 1: Characteristics of the HIV-infected and HIV-uninfected African participants in 

the baseline study 

Variables 

Age (years) 

BMI (kg/m2
) 

WC (cm) 
Cardiovascular 
measurements 
SBP (mmHg) 
DBP (mmHg) 
PP (mmHg) 
MAP (mmHg) 
HR (bpm) 
cr-PWV (m/s) 
Biochemical analyses 
Fibulin-1 (µg/mf) 
slCAM-1 (ng/ml) 
sVCAM-1 (ng/ml) 
suPAR (ng/ml) 
CRP (mg/l) 
IL-6 (pg/ml) 
Fibrinogen (g/l) 
PAl-1 (IU/ml) 
Chol (mmol/l) 
TG (mmol/l) 
LDL-C (mmol/l) 
HDL-C (mmol/l) 
Glucose (mmol/l) 
TC/HDL-C ratio 
TG/HDL-C ratio 
Lifestyle 
Tobacco users N (%) 
Alcohol users N (%) 

HIV uninfected ______ _ 

(N = 154) 

2005 

45.29 ± 8.26 

23.46 ± 5.75 

76.69 ± 9.94 

129.90 ± 22.99 

86.33 ± 14.72 

44.01 ± 14.31 

101 ± 16.76 

73.07 ± 14.60 

10.68 ± 2.38 

73.20± 25.16 

405.91 (98.41- 1344.78) 

379.09 (18.91- 2245.82) 

3.61 ± 1.28 

2.22 (0.24- 30.30) 

3.97 (1.15- 20.35) 

3.16 (1.40- 1.74) 

1.22 ± 16.14 

5.07 ± 1.37 

1.08 (0.53- 2.40) 

2.82 ± 1.22 

1.59 (0.82- 3.19) 

5.59 ± 1.02 

3.67 ± 1.43 

0.90 ± 1.37 

62 (40.26) 

45 (29.22) 

HIV infected 
(N = 140) 

2005 

44.31 ±7.01 

22.86 ± 5.68 

75.17 ± 10.81 

125.34 ± 20.33 

85.12±13.62 

40.36 ± 11.37 

98.58 ± 15.44 

75.36 ± 13.94 

11.26±2.17 

83.86 ± 31.79 

524.54 (180.35-1573.15) 

753.88 (55.29- 2990.76) 
4.04± 1.60 

2.67 (0.31- 40.91) 
4.10 (1.23- 2.09) 

2.63 (1.30- 7.00) 
1.56 ± 13.18 

4.53 ± 1.28 

0.82 (0.35- 1.78) 

2.67 ± 1.01 

1.17 (0.56- 2.30) 

5.21±1.21 

3.97 ± 1.53 

1.24 ± 1.11 

64(45.71) 

37 (26.43) 

P-value 

0.28 

0.37 

0.31 

0.07 

0.47 

0.02 

0.21 

0.18 
0.03 

0.003 
0.005 
< 0.001 
0.01 
0.29 
0.72 
0.004 
0.44 

< 0.001 

< 0.001 

0.26 

< 0.001 

0.05 
< 0.001 

< 0.001 

< 0.001 

< 0.001 

Data are expressed as arithmetic mean ± standard deviation, geometric mean (5th-95th percentiles) or 

percentage of N. N: number of participants; BMI: body mass index; WC: waist circumference; SBP: systolic blood 

pressure; DBP: diastolic blood pressure; PP: pulse pressure; MAP: mean arterial pressure; HR: heart rate; cr­

PWV: carotid-radialis pulse wave velocity; TG: triglyceride; LDL-C: low-density lipoprotein cholesterol; HDL-C: 

high-density lipoprotein cholesterol; TC/HDL-c ratio: total cholesterol/high-density lipoprotein cholesterol ratio; 

TG/HDL-C ratio: triglyceride/high-density lipoprotein cholesterol ratio; CRP: C-reactive protein; IL-6: interleukin-

6; slCAM-1: serum intercellular adhesion molecule-1; sVCAM-1: serum vascular cell adhesion molecule-1; PAl-1: 

plasminogen activator inhibitor-1; suPAR: soluble urokinase plasminogen activator receptor. All P-values were 

obtained with the independent t-test, except for tobacco and alcohol users, where the Chi-square test was used. 

P-values of :50.05 are regarded as significant. 
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Table 2: Adjusted analysis (ANCOVA) in HIV-infected and HIV-uninfected participants 

in the baseline and follow-up study 

HIV 

HIV uninfected HIV infected P-value uninfected HIV infected 

2005 2005 2008 2008 

Variables (N = 154) (N = 140) (N = 154) (N = 140) 

WC (cm) 76.09 ± 0.39 75.78 ± 0.41 0.59 77.61±0.56 76.66 ± 0.59 

Cardiovascular 

measurements 

SBP (mmHg) 129.42±1.71 125.82 ± 1.79 0.15 133.54 ± 1 .55 129.96 ± 1.62 

DBP (mmHg) 86.12±1.14 85.32 ± 1.19 0.63 88.38 ± 0.98 87.04 ± 1.03 

MAP (mmHg) 100.71 ± 1.28 98.87 ± 1.34 0.33 1 03 .43 ± 1 .12 101.35±1.16 

PP (mmHg) 43.75 ± 1.00 40.63 ± 1.05 0.03 45.17±0.97 42.92 ± 1.01 

cr-PWV (mis) 10.60 ±0.17 11.28 ± 0.17 0.005 11.21 ±0.17 11.38±0.18 

Biochemical 

analyses 

Fibulin-1 (µg/mt 1) 73.36 ± 2.25 83.71±2.37 0.002 74.43±2.16 80.79 ± 2.23 

suPAR (ng/mf) 3.62 ± 0.12 4.03±0.12 0.02 3.71 ±0.19 4.49±0.19 

CRP (mg/f) 2.18 (1.73-2.74) 2.72 (2.13- 3.45) 0.2 2.60 (2.09- 3.21) 3.08 (2.46- 3.84) 

Chol (mmol/f) 5.04 ± 0.11 4.53 ± 0.11 < 0.001 4.23 ± 0.09 3.94 ± 0.10 

TG (mmol/t) 1.08 (1.00- 1.16) 0.82 (0.76- 0.89) < 0.001 0.92 (0.84- 1.00) 1.05 (0.95- 1.15) 

LDL-C (mmol/f) 2.80 ± 0.09 2.69 ± 0.09 0.38 2.53 ± 0.07 2.51±0.08 

HDL-C (mmol/f) 1.58 (1.48-1.69) 1.16 (1.09- 1.25) < 0.001 1.08 (1.00- 1 .16) 0.82 (0.76- 0.89) 

Glucose (mmol/t) 5.55 ± 0.09 5.31±0.09 0.06 4.59 ± 0.07 4.58 ± 0.08 

TC/HDL-C ratio 3.35 ± 0.12 3.99±0.12 < 0.001 4.15 ± 0.19 4.92 ± 0.20 

TG/HDL-C ratio 0.88 ± 0.10 1.25 ± 0.11 0.01 1.16±0.12 1.68±0.13 

Data are expressed as arithmetic mean± standard deviation, geometric mean (95% confidence 

interval) or percentage of N. N: number of participants; SBP: systolic blood pressure; DBP: diastolic 

blood pressure; PP: pulse pressure; TC/HDL-C ratio: total cholesterol/high-density lipoprotein 

cholesterol ratio; TG/HDL-C ratio: triglyceride/high-density lipoprotein cholesterol ratio; HDL-C: high­

density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; CRP: C-reactive protein; IL-6: 

interleukin-6; suPAR: soluble urokinase plasminogen activator receptor. All P-values were obtained 

with ANCOVA, except for tobacco and alcohol users, where the Chi-square test was used. 

Adjustments were made for age, gender and body mass index. Additionally, PWV was also adjusted 

for mean arterial pressure and heart rate. P-values of :50.05 are regarded as significant. 
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P-

value 

0.24 

0.11 

0.35 

0.2 

0.11 

0.51 

0.04 

0.004 

0.28 

0.04 

0.03 

0.87 

<0.001 

0.96 

0.005 

0.003 



Table 3: Percentage change of variables within the HIV-infected and HIV-uninfected 

groups over a period of three years (2005-2008) 

HIV uninfected HIV infected P-value 

Variables (N = 154) (N = 140) 

Cardiovascular 

measurements 

% change SBP 5.41 (3.37- 7.45) 3.61 (1.47- 5.75) 0.23 

% change DBP 4.46 (2.52- 6.40) 2.94 (0.91- 4.98) 0.29 

% change PP 12.48 (7.67- 17.28) 7.06 (2.02-12.10) 0.13 

% change MAP 4.57 (2.73- 6.41) 3.07 (1.14- 5.00) 0.27 

% change cr-PWV 7.88 (3.50- 12.26) 5.71(1.10-10.32) 0.50 

Biochemical analyses 

% change TC/HDL-C ratio 25.54 (16.18- 34.90) 34.59 (24.87- 44.31) 0.19 

% change TG/HDL-C ratio 49.33 (31.25- 67.41) 67.32 (48.65- 85.98) 0.18 

% change glucose -12.08 (-15.47- -8.69) -11.72 (-15.25- -8.20) 0.89 

% change fibulin-1 -4. 73 (-9. 76- 0.29) -5.04 (-10.25- 0.18) 0.94 

Data are expressed as percentage change in mean (5th-95th percentiles). N: number of participants; 

SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; MAP: mean arterial 

pressure; cr-PWV: carotid-radialis pulse wave velocity; TC/HDL-C ratio: total cholesterol/high-density 

lipoprotein cholesterol ratio; TG/HDL-C ratio: triglyceride/high-density lipoprotein cholesterol ratio. All 

P-values were obtained with ANCOVA, adjusted for pre-values. P-values of :;;0.05 are regarded as 

significant. 
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Table 4: Unadjusted and adjusted correlations of the percentage change of variables 

within the entire group of HIV-infected and HIV-uninfected participants over a period 

of three years (2005-2008) 

Entire group HIV uninfected HIV infected 

(N = 294) (N = 154) (N = 140) 

% change fibulin-1 % change fibulin-1 % change fibulin-1 

Variables Unadjusted correlations 

% change PP r= -0.03 P= 0.58 r= -0.04 P=0.64 r= -0.04 P= 0.69 

% change cr-PWV r= -0.06 P= 0.31 r= -0.06 P= 0.51 r= -0.11 P= 0.22 

% change TC/HDL-C ratio r= 0.10 P= 0.10 r= 0.12 P= 0.14 r= 0.16 P= 0.06 

% change TG/HDL-C ratio r= 0.19 P= 0.001 r= 0.15 P= 0.08 r= 0.24 P= 0.006 

% change suPAR r= 0.11P=0.08 r= 0.15 P= 0.08 r= 0.13 P= 0.14 

Adjustments: age, body mass index and gender. 

Additionally, cr-PWV was also adjusted for mean arterial pressure and heart rate. 

% change PP r= -0.03 P= 0.57 r= -0.004 P= 0.96 r= -0.05 P= 0.53 

% change cr-PWV r= -0.06 P= 0.35 r= -0.01 P= 0.90 r= -0.13 P= 0.13 

% change TC/HDL-C ratio r= 0.010 P= 0.11 r= 0.03 p= 0.77 r= 0.15 P= 0.08 

% change TG/HDL-C ratio r= 0.20 P= 0.001 r=0.13p=0.12 r= 0.23 P= 0.009 

% change suPAR r= 0.11 P= 0.06 r= 0.17 P= 0.04 r= 0.10 P= 0.23 

N: number of participants; PP: pulse pressure; cr-PWV: carotid-radialis pulse wave velocity; TC/HDL: 

total cholesterol/high-density lipoprotein cholesterol; TG/HDL-C: triglyceride/high-density lipoprotein 

cholesterol; suPAR: soluble urokinase plasminogen activator receptor. Significant (p < 0.05) 

correlation coefficients are indicated in bold. P-values of :50.05 are regarded as significant. 
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Discussion 

The aim of this study was firstly to determine the fibulin-1 levels in HIV-infected and HIV­

uninfected South Africans at baseline (2005) and after three years. The fibulin-1 levels were 

found to be significantly higher in the HIV-infected participants in comparison with the HIV­

uninfected participants. Percentage change in fibulin-1 levels is associated with percentage 

change TG/HDL-C ratio in HIV-infected participants and in the entire group. However, no 

associations were found between percentage change fibulin-1 and TG/HDL-C ratio in the 

HIV-uninfected group. 

At baseline, the cr-PWV was significantly higher in the HIV-infected group (11.26m/s 1 vs. 

10.68 mis 1, p = 0.03) and the PP was significantly lower in the HIV-infected group (40.36 

mmHg vs. 44.01 mmHg, p = 0.02) in comparison with the HIV-uninfected group. However, in 

the follow-up study, no significant difference in the cr-PWV or PP values between the HIV­

infected and HIV-uninfected participants were found, suggesting that no vascular 

deterioration was detected. 

The ICAM and VCAM levels were significantly increased in HIV-infected participants, but 

were only measured in 2005. Increased levels of cell adhesion molecules have been 

reported in the HIV-infected population (7, 15, 19], indicating endothelial injury. It was found 

that HIV infection induced the expression of the adhesion molecules and this could be a 

possible mechanism by which HIV infection contributes to vascular dysfunction (11, 12]. 

Vascular remodelling involves degradation and reorganisation of the ECM scaffold, 

contributing to thickened vessel wall and vascular stiffness (20,21]. Following vascular injury 

and inflammation, fibulin-1 presents in the ECM of the vessel wall, interacts with plasma 

fibrinogen and promotes platelet adhesion, leading to the formation of a platelet plug (1 O]. 
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Because of its role in platelet aggregation and fibrin formation [35], the occurrence of high 

plasma levels of fibrinogen is seen as a risk factor for CVD [31]. Godyna et al. found that 

fibulin-1 can bind to fibrinogen and can be incorporated into fibrin clots, leading to vascular 

dysfunction [37]. Studies which investigated the prothrombotic state in HIV-infected 

populations showed increased levels of fibrinogen [10,41,42]. However, fibrinogen, the 

coagulation and inflammation marker, was significantly lower in the HIV-infected participants 

at baseline, which indicates no sign of a prothrombotic state. These findings are in 

agreement with the findings of James et al., who found that HIV infection was not associated 

with fibrinogen concentration in Africans [43]. The short duration of the HIV infection might 

explain the lack of an increased coagulation that was found in the HIV-infected participants. 

Associations between fibulin-1 and the cardiovascular variables were expected by the 

researchers, but the result of the study is not consistent with the findings from the literature. 

Claudia Cangemi et al. found correlations between plasma fibulin-1 and markers of arterial 

stiffness, namely the carotid compliance and PP [3]. They also found associations between 

plasma fibulin-1 concentrations and signs of myocardial dysfunction, but did not find any 

correlation between lipids and plasma fibulin-1 [3]. In contrast to the latter findings of 

Cangemi, no significant associations were found between fibulin-1 and markers of vascular 

function, namely slCAM-1, sVCAM-1, IL-6, fibrinogen, suPAR, PP or PWV. However, an 

association between percentage change of fibulin-1 and TG/HDL-C ratio were found, which 

suggests that vascular changes are present in HIV-infected participants and that they might 

be more at risk to develop cardiovascular disease, opposed to the HIV-uninfected 

participants, as the TG/HDL-C ratio is a good marker of cardiovascular risk [45]. 

It is well known that the lipid profile of HIV-infected people changes, and that these changes 

include increased levels of TG and decreased levels of HDL-C [7,23-26]. These factors can 

possibly be one of the initiating factors in the formation of arteriosclerosis, which ultimately 

leads to CVD [27,28]. Research shows that triglyceride-rich lipoproteins produce an 
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increased movement into the intima, leading to the formation of fatty streaks. These streaks 

ultimately lead to arteriosclerotic lesions, which then lead to vascular dysfunction [27-30]. 

Change in fibulin-1 might influence the structural and functional properties of the ECM in 

atherosclerotic lesions. Recent findings indicate that fibulin-1 acts as a cofactor for MMPs, 

whose expression is augmented in atherosclerotic lesions [34]. Argraves et al. reveal that 

there is prominent fibulin-1 deposition within atherosclerotic lesions and clots. These findings 

point to the possible roles for fibulin-1 in processes that are associated with the progression 

of thrombotic complications, which may lead to vascular dysfunction [1]. 

The vascular dysfunction that has been noticed in the HIV-infected participants in 2005 may 

possibly be linked to dyslipidemia, CAMs and suPAR levels. The high inflammatory markers, 

high suPAR levels and low HDL-C levels suggest the possibility that the HIV-infected 

participants are more prone to develop vascular damage. This may result in further ECM 

remodelling, which is seen as the link between infection, inflammation, thrombotic activity 

and vascular dysfunction [31,32]. At baseline study, TG levels were lower in HIV-infected 

participants in comparison with HIV-uninfected participants, but higher after three years. As 

observed in previous studies [33], the TG/HDL-C and TC/HDL-C ratio, which is closely linked 

to lipid disorders, was higher in the HIV-infected participants. At baseline and follow-up 

study, the P values remained significant for both of the ratios. An elevated suPAR level 

reflects an inflammatory and immune system activation, leading to infectious diseases [20] 

such as HIV infection [21,22]. Low-grade inflammation is a chronic subclinical inflammatory 

state which may contribute to the development of cardiovascular disease [23] through its 

association with atherosclerosis [23]. The immune and pro-inflammatory status of HIV­

infected patients is reflected by the circulating suPAR levels [24]. The results showed an 

increase in suPAR levels after three years in the HIV-infected group, indicating inflammation 

[44]. 
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To the researchers' knowledge, this is the first study that has investigated the associations 

between fibulin-1 and CVD in HIV-infected black South Africans. Although previous studies 

suggested that ECM plays a role in vascular dysfunction, leading to CVD [39,40], the results 

of this study is not consistent with the findings of the aforementioned study. No significant 

associations were found between fibulin-1 and markers of vascular function, namely slCAM-

1, sVCAM-1, IL-6, PAl-1 or PWV. Significant associations with TG/HDL ratio were found in 

the entire group and in HIV-infected participants in the unadjusted and adjusted correlations, 

which was not seen in the uninfected group. This could not be confirmed with the forward 

stepwise regression analysis therefore the relationship between TG/HDL ratio and fibulin-1 is 

not independent of co-factors. This study adds to the idea that a link exists between HIV 

infection, fibulin-1 and the damaging effect of dyslipidemia on the endothelium. 

A limitation of this study is that the duration of the HIV infection is unknown, because the 

participants were newly identified as being HIV infected in the baseline study. The IL-6, 

slCAM-1, sVCAM-1, fibrinogen and PAl-1 were only determined in the baseline study. The 

results did not infer causality. The participants commenced ARV treatment between 2005-

2008, it is uncertain how long the duration of treatment was and therefore not adjusted for. 

In conclusion, the HIV-infected participants exhibited higher fibulin-1 levels, as well as high 

slCAM-1, sVCAM-1 and suPAR levels, and low HDL-C levels in comparison with their 

uninfected control group. Although no significant associations were found between fibulin-1 

and markers of vascular function, namely slCAM-1, sVCAM-1, IL-6, PAl-1 or PWV, the 

association of the percentage change in fibulin-1 with change in TG/HDL-C suggests that 

TG/HDL-C may contribute to probable vascular changes in HIV-infected participants and that 

the HIV-infected participants may be more at risk to develop cardiovascular disease in 

comparison with the HIV-uninfected participants. 
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3.1 Introduction 

In Chapter 3, a summary of the main findings is given, with a brief discussion of the aim, 

results and conclusion of this substudy of the PURE study. Weaknesses in the study are 

depicted, with recommendations to negate the influence of such weaknesses in future with 

regard to fibulin-1 and the development of cardiovascular disease in HIV-infected black 

South Africans. 

3.2 Summary of main findings 

The aim of this study was to determine the association of fibulin-1 with variables of vascular 

function in HIV-infected black South Africans. The hypotheses that were proposed are the 

following: 

• Fibulin-1 will be higher in HIV-infected South Africans compared to HIV-uninfected 

South Africans at baseline and after three years. 

• Fibulin-1 is associated with markers of vascular function such as blood pressure, 

slCAM-1, sVCAM-1, IL-6, PAl-1, PWV and PP in HIV-infected individuals 

The significant findings from the article, Fibulin-1 as a marker of cardiovascular disease in 

HIV-infected black South Africans: a prospective study, were the following: 

At the baseline study, the HIV-infected participants had lower HDL-C and higher fibulin-1, 

slCAM-1, sVCAM-1, TC/HDL-C ratio, TG/HDL-C ratio and suPAR levels in comparison with 

their HIV-uninfected control group. The high suPAR and low HDL-C levels suggested the 

possibility that the HIV-infected participants are more prone to develop vascular damage that 

may result in further ECM remodelling, which is seen as the link between infection, 

inflammation, thrombotic activity and vascular dysfunction (Figure 1, p18). 

The protein fibulin-1 has been found in association with ECM structures that surround 

vascular smooth muscle. Fibulin-1 accumulates in the arterial wall and change in fibulin-1 

might influence the structural and functional properties of the ECM in atherosclerotic lesions. 

65 



Recent findings indicate that fibulin-1 is a cofactor for MMPs whose expression is 

augmented in atherosclerotic lesions. This findings point to the possible role of fibulin-1 in 

processes that is associated with the progression of thrombotic complications that may lead 

to vascular dysfunction. 

Following vascular injury and inflammation, fibulin-1 presents in the ECM of the vessel wall, 

interacts with plasma fibrinogen and promotes platelet adhesion, leading to the formation of 

a platelet plug. Godyna et al. found that fibulin-1 can bind to fibrinogen and can be 

incorporated into fibrin clots. This prompted an investigation into the potential role of fibulin-1 

as a prothrombotic agent that leads to vascular dysfunction. Studies which investigated the 

prothrombotic state in HIV-infected populations showed increased levels of fibrinogen. 

However, the fibrinogen levels were significantly lower in the HIV-infected participants at 

baseline, which indicated no signs of a prothrombotic state. However, these findings are in 

agreement with the findings of James et al., who found that HIV infection was not associated 

with fibrinogen concentration in Africans. No link was found between HIV, fibulin, fibrinogen 

and coagulation in the HIV-1 infected participants. 

Associations between fibulin-1 and the cardiovascular variables were expected, but the 

results of the study were not consistent with the findings in literature. Cangemi et al. found 

correlations between plasma fibulin-1 and markers of arterial stiffness, namely the carotid 

compliance and pulse pressure. They also found associations between plasma fibulin-1 

concentrations and signs of myocardial dysfunction, but did not find any correlation between 

lipids and plasma fibulin-1. In contrast, no significant associations were found between 

fibulin-1 and markers of vascular function, namely slCAM-1, sVCAM-1, IL-6, PAl-1 or pulse 

wave velocity. An association between change in fibulin-1 and TG/HDL-C ratio was found, 

though, which suggests that vascular changes are present in HIV-infected participants and 

that they might be more at risk to develop cardiovascular disease than the HIV-uninfected 

participants, as an increase in the TG/HDL-C ratio is a good marker of cardiovascular risk. 
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In the unadjusted correlations, the associations in the HIV-infected participants between 

fibulin-1 and TG/HDL-C ratio were highly significant (r = 0.24, p = 0.006). After adjustments 

for age, BMI and gender had been applied (Table 4), the association between percentage 

change in TG/HDL-C ratio and fibulin-1 remained significant (r = 0.200, p = 0.009). This 

association could not be confirmed with the forward stepwise regression analysis. 

Although no significant associations were found between fibulin-1 and markers of vascular 

function, namely slCAM-1, sVCAM-1, IL-6, PAl-1 or pulse wave velocity, the association of 

the percentage change in fibulin-1 with change in TG/HDL-C ratio suggests that TG/HDL-C 

ratio may contribute to probable vascular changes in HIV-infected participants and that the 

HIV-infected participants may be more at risk to develop cardiovascular disease in 

comparison with the HIV-uninfected participants. 

3.3 Strengths and weaknesses 

In 2005, a prospective study design were applied and carefully matched to the control 

subjects according to age, gender, BMI and locality. 

The study is unique, especially in these aspects: 

The participants were unaware of their infected status and have, therefore, never received 

any ARV treatment (2005). They commenced treatment after 2005 and a weakness is that 

no adjustments were made for ARV's taken with the follow up 2005-2008. The data from this 

study are limited to the HIV-infected black South Africans in the North-West Province of 

South Africa. 

3.4 Confounding 

Adjustments were made for age, BMI and gender as confounders. The cr-PWV was adjusted 

additionally for mean arterial pressure and heart rate to provide credible results. Due to the 

study design (prospective), the results could not infer causality. 
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3.5 Recommendations for future research 

1 Education on cardiovascular disease and the risk involved, as well as promotion of a 

healthier lifestyle, is needed amongst the HIV-infected population of South Africa. 

2 The influence of the antiretroviral therapy on vascular function and vascular deterioration 

that was seen in the HIV-infected population needs to be studied further. 

3 Future and longer term follow-up studies are recommended to address the metabolic 

and cardiovascular complications of the first-line treatment of the roll-out programme that 

specifically account for ethnic heterogeneity and HIV-1 subtype variants. 

3.6 Conclusion 

The HIV-infected participants exhibited higher fibulin-1 levels, inflammation and vascular 

damage at baseline and after three years. The association of percentage change in 

fibulin-1 and TG/HDL-C ratio suggested that vascular changes are probably present in 

HIV-infected participants and that they might be more at risk to develop cardiovascular 

disease in comparison with the HIV-uninfected participants. 
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