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PREFACE  

This thesis is presented in the article format and includes three peer-reviewed published or 

submitted articles. This format is approved, supported and defined by the North-West University 

guidelines for PhD-studies. The first chapter of this thesis consists of a detailed literature review 

and states the aims, objectives and hypotheses of the study. Chapters 2, 3 and 4 present the 

articles in the format in which it was originally submitted for publication in the respective journals. 

The promoter and co-promoters were included as the co-authors of each paper, as well as 

additional researchers from the Hypertension in Africa Research Team where applicable. The first 

author was responsible for the initiation and all parts of this thesis, including literature searches, 

data mining, statistical analyses, the interpretation of results, as well as the writing of the research 

papers. All co-authors gave their consent that the research articles may form part of the thesis.   

The first article was published in Thrombosis Research, the second article was accepted for 

publication in Clinical and Experimental Hypertension, while the third and final article was 

submitted to Journal of Hypertension. All relevant references are provided at the end of each 

chapter according to the instructions for authors provided by the specific journal in which the 

papers were published or where they have been submitted for publication. The Vancouver 

reference style was used for the remaining chapters. 

  



viii 

AUTHOR CONTRIBUTIONS 

The contribution of each of the authors was:   

L Lammertyn: Responsible for initial proposal of the study, along with all extensive literature 

searches, critical evaluation of study protocol and methodology, data collection 

during 2009, 2011 and 2012, statistical analyses, design and planning of research 

articles and thesis, interpretation of results and writing of all sections. 

 

R Schutte: Promoter: Guidance, intellectual input, data collection and critical evaluation of 

statistical analyses and the final product. 

 

AE Schutte: Co-promoter: Guidance, intellectual input, data collection and critical evaluation 

of statistical analyses and the final product. 

M Pieters:  Co-Promoter: Guidance, intellectual input, and critical evaluation of statistical 

analyses and the final product. 

CMC Mels: Co-author: Intellectual and well-grounded input regarding oxidative stress in the 

paper accepted for publication in Clinical and Experimental Hypertension 

(Chapter 3). 

W Smith: Co-author: Valued expert input and collection of data concerning the retinal 

vessel calibres in the submitted article to Journal of Hypertension (Chapter 4). 

 

 

 

 

 

  



ix 

STATEMENT BY THE AUTHORS 

The following is a statement of the co-authors to verify their individual contributions and 

involvement in this study and to grant their permission that the relevant research articles may 

form part of this thesis: 

 

I hereby declare that I have approved the aforementioned manuscripts and that my role in this 

study, as stated above, is representative of my actual contribution. I also give my consent that 

these manuscripts may be published as part of the Ph.D. thesis of Leandi Lammertyn.  

 

     

    Prof. R Schutte              Prof AE Schutte        Prof. M Pieters 

 

    

      Dr. CMC Mels     Dr. W Smith 

 

 

  



x 

SUMMARY 

Motivation 

In the black population of South Africa, cardiovascular disease (CVD) is rapidly increasing due to 

urbanisation. Stroke is usually accompanied by a prothrombotic haemostatic profile. Changing 

lifestyle factors that accompany the urbanisation process could have a negative impact on the 

haemostatic profile of black South Africans. Elevated levels of pro-coagulant factors, von 

Willebrand factor (vWF), fibrinogen and fibrin D-dimer have been reported in the black population, 

which could increase the black population’s susceptibility to CVD. However, low levels of 

plasminogen activator inhibitor-1 (PAI-1) previously reported in the black population could 

contribute towards a pro-fibrinolytic state, which may counteract the hypercoagulant state. This 

may have a beneficial effect on the haemostatic profile of the black population. More investigation 

into the haemostatic profile of black South Africans is therefore needed to determine if an altered 

haemostatic profile exists in this group, and if so, to what extent these alterations may relate to 

cardiovascular dysfunction. This study included markers of both the coagulation (vWF, fibrinogen, 

fibrin D-dimer) and fibrinolytic (PAI-1, fibrin D-dimer and fibrinolytic potential) systems in an 

attempt to investigate the haemostatic profile of the black population of South Africa, and for 

comparison purposes that of the white population as well. The relationship of these markers’ with 

selected markers of cardiovascular function was also examined to determine if they could possibly 

contribute to an increase in cardiovascular risk, especially in the black population. 

Aims 

The aims of this study were to first compare coagulation and fibrinolysis markers in the black and 

white populations of South Africa. Furthermore, to determine if associations exist between the 

selected components of the haemostatic system and markers of cardiovascular function, 

especially in the black population of South Africa, who tends to be at a higher cardiovascular risk 

due to altered metabolic and haemostatic profiles. 
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Methodology 

The Sympathetic activity and Ambulatory Blood Pressure in Africans (SABPA) study was a 

prospective cohort study that consisted of 409 participants at baseline (2008-2009) that were 

equally distributed according to both ethnicity (200 black; 209 white) and gender (black, 101 men, 

99 women; white, 101 men, 108 women). At follow-up (2011/2012) the cohort totalled 359 

participants (170 black, 88 men and 82 women; 189 white, 93 men and 96 women). Data from 

baseline measurements were used for the first two manuscripts (chapters 2 and 3), while follow-

up data was used for the third manuscript (chapter 4). vWF, fibrinogen, PAI-1, fibrin D-dimer, CLT, 

serum peroxides, glutathione, glutathione peroxidase and reductase activity were determined, 

and ambulatory blood pressure and the retinal vessel calibres were measured. The groups were 

stratified by ethnicity as specified by statistical interaction terms. T-tests and chi-square tests were 

used to compare means and proportions, respectively. Pearson and partial regression analyses 

were used to determine correlations between the components of the haemostatic system and 

cardiovascular function markers. This was followed by multiple linear regression analyses to 

investigate whether independent associations exist between the variables in both ethnic groups. 

P-values ≤0.050 were deemed significant. 

Results and conclusion of each manuscript 

The first manuscript (chapter 2) compares the haemostatic profiles of the black and white 

population to determine whether ambulatory blood pressure is related to components of the 

haemostatic system. The black participants displayed a prothrombotic profile with significantly 

higher vWF, fibrinogen, PAI-1, fibrin D-dimer and a longer CLT than their white counterparts. 

Furthermore, partial and multiple linear regression analyses showed a positive association of 

systolic and diastolic blood pressure with fibrin D-dimer in the black population, while a negative 

association existed between ambulatory blood pressure and CLT in the white population. These 

associations suggest that fibrin D-dimer may contribute, at least in part, to the high prevalence of 

hypertension in the black population. 
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The second manuscript (chapter 3) determined associations between markers of the haemostatic 

and oxidant-antioxidant systems in the black and white populations. In addition to the 

prothrombotic profile that exists in the black population, this group also had significantly higher 

serum peroxides (oxidative stress) and lower glutathione peroxidase activity (antioxidant) levels. 

Multiple linear regression analyses indicated positive associations between fibrinogen and serum 

peroxides in both populations. In the white population, an additional positive association was 

found between serum peroxide and CLT. In the black population, vWF and CLT were negatively 

associated with GPx activity. The results suggest that there are ethnic-specific relationships 

between the haemostatic and oxidant-antioxidant systems. 

The third manuscript (chapter 4) investigated the relationships between the retinal vessel calibres 

and components of the haemostatic system in the black and white population. The investigation 

focussed specifically on arteriolar diameters in the lower median, since a narrow arteriolar 

diameter is known to be associated with elevated blood pressure. In both ethnic groups, a 

narrower arteriolar calibre was accompanied by narrower venular calibres. Independent positive 

associations were found between the central retinal vein equivalent (CRVE) and fibrinogen in the 

black population, as well as vWF and CLT in the white population. In addition, independent 

negative associations were found between the central retinal artery equivalent and CLT in the 

black population and with vWF in the white population. The results suggest that haemostatic 

alterations are linked to early vascular changes that may differ between ethnicities. 

General conclusion 

Ethnic-specific relationships between the components of the haemostatic system and measures 

of cardiovascular function are evident. The prothrombotic profile that is observed in the black 

population, together with the adverse associations of the haemostatic components with blood 

pressure, a compromised oxidant-antioxidant profile, and retinal vessel calibres may contribute, 

at least in part, to the high cardiovascular and cerebrovascular risk evident in this population 

group. 
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1.1 Background 

The World Health Organization estimates that approximately 60% of deaths worldwide are 

attributed to non-communicable diseases of which 30% are caused by cardiovascular disease 

(CVD) [1]. Specifically low and middle income countries have the highest rates of CVD mortality 

[1,2]. The incidence of non-communicable diseases is rapidly increasing in sub-Saharan Africa 

due to epidemiological transition, characterised by increasing urbanisation and associated 

changes in lifestyle factors [3,4]. The black population of South Africa has a high prevalence of 

hypertension [5,6], diabetes mellitus [7] and obesity [8], which increases their cardiovascular risk. 

Hypertension has been identified as a major contributor to stroke risk in sub-Saharan Africa [4]. 

In comparison with individuals from high income countries, people from African descent have a 

higher prevalence of stroke that also seems to occur at a younger age [9,10]. A hypercoagulable 

state has been related to stroke [11] and elevated levels of haemostatic factors such as von 

Willebrand factor (vWF) [12,13], fibrinogen [14,15], plasminogen activator inhibitor-1 (PAI-1) 

[16,17] and fibrin D-dimer [18,19] have been implicated as additional risk factors in CVD states. 

Pieters et al. [20] reported that urbanisation and the resultant increase in non-communicable 

diseases in black South Africans could possibly have a negative effect on their haemostatic 

profile. Black individuals tend to have higher vWF, fibrinogen and fibrin D-dimer levels when 

compared to white individuals [21-23]. However, low levels of PAI-1 have also been reported in 

the black population from South Africa, which may on the other hand have beneficial effects on 

their haemostatic profile by counteracting the hypercoagulant state with increased fibrinolysis 

[24]. Therefore, it is still uncertain to what extent the haemostatic system contributes to 

cardiovascular dysfunction in black South Africans and further investigation is needed. Key 

markers of the haemostatic system were identified and analysed (vWF, fibrinogen, fibrin D-dimer 

and PAI-1 as well as fibrinolytic potential) in an attempt to characterise the haemostatic profile of 

our population. Moreover, the relationships with blood pressure, oxidative stress and 

microvascular function were also investigated to determine their possible involvement in CVD risk 

in both black and white South Africans. A brief literature overview of the haemostatic system and 

its relationship with cardiovascular function follows. 
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1.2 The haemostatic process 

The haemostatic system (Figure 1) consists of several processes (primary haemostasis, 

secondary haemostasis or coagulation and fibrinolysis) that prevent excessive blood loss and 

regulate tissue repair at the site of vascular injury [25,26]. Any disruption in the balance of these 

processes can lead to bleeding disorders or excessive thrombus formation, the latter of which 

has been found to precede acute clinical manifestations of coronary, cerebrovascular and 

peripheral artery disease [27,28]. The exact mechanisms by which the haemostatic factors 

contribute to the development of arterial disease are difficult to determine because of the influence 

by various genetic (ethnicity and gender) and non-genetic factors (environment and lifestyle). 

Primary and secondary haemostasis occurs concomitantly and generates an environment that 

prevents blood loss and aids in wound healing. When injury to the vessel wall occurs, collagen 

and tissue factor (TF) are exposed to the flowing blood at the site of injury. The exposed collagen 

triggers the initiation of primary haemostasis while tissue factor initiates secondary haemostasis 

[29]. During the primary phase, vWF is released from surrounding endothelial cells and platelets 

and rapidly binds to the exposed collagen [30]. Once bound, the vWF molecule undergoes a 

conformation change that exposes its platelet binding sites, especially under high shear 

conditions, thereby promoting platelet adhesion and aggregation at the site of injury [31]. An 

unstable platelet plug is rapidly formed and is quickly stabilised by fibrin during secondary 

haemostasis [32]. 

The primary objective of secondary haemostasis is thrombin generation, which mediates the 

conversion of soluble fibrinogen into insoluble fibrin that surrounds the platelet plug [33]. This 

forms a strong and stable fibrin network that protects the vessel wall from further damage and 

promotes wound healing [34]. Tissue factor (TF) is the primary initiator of secondary 
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Figure 1: Schematic representation of coagulation and fibrinolysis. Abbreviations: a, activated; F, factor; PAI-1, plasminogen activator inhibitor-1; 

TF, tissue factor; t-PA, tissue plasminogen activator; vWF, von Willebrand factor [25]. 

P
ri
m

a
ry

 

h
a
e

m
o

s
ta

s
is

 

S
e

c
o
n

d
a

ry
 h

a
e
m

o
s
ta

s
is

 

FXIIIa 



5 

haemostasis when damage to the vessel wall has occurred and is located on the plasma 

membranes of the subendothelial cells [35]. Circulating activated plasma protein factor VII (FVIIa) 

binds to TF to form the TF-FVIIa complex that activates Factor IX and Factor X. Activated Factor 

X binds with Factor V to form the prothrombinase complex that converts prothrombin to thrombin 

[36-38]. The amount of thrombin generated by the extrinsic pathway is however not adequate to 

produce large amounts of thrombin [39,40]. Nonetheless, the amount of thrombin produced is 

enough to trigger a positive feedback effect that activates Factor XI, Factor VIII, Factor V as well 

as the platelets, thereby rapidly amplifying the amount of thrombin produced [25,26]. The intrinsic 

pathway is activated when circulating Factor XII comes in contact with a negatively charged 

surface such as the exposed collagen fibres. Once Factor XII is activated, it triggers a cascade 

of enzymatic reactions that result in the activation of Factor XI, Factor IX and Factor X [41].  

It is important to note that both pathways result in the activation of Factor X. This is followed by a 

set of enzymatic reactions that forms the common pathway [26]. First FIXa binds to FVIII to form 

the FIX-FVIII complex, also known as the tenase complex that results in the activation of Factor 

X. Activated Factor X leads to the formation of the prothrombinase complex that is responsible 

for the formation of thrombin. The formed thrombin then converts fibrinogen into fibrin monomers 

to form a fibrin clot [26,34,40]. At first, an unstable fibrin clot is formed that consists of fibrin 

monomers connected with noncovalent bonds. However, the fibrin clot is quickly stabilised by 

Factor XIII, which is activated by thrombin and calcium [42,43]. Activated Factor XIII results in the 

formation of covalent bonds between the fibrin monomers, which aid in the formation of cross-

linkages between the fibrin fibres. This results in the formation of a stable and dense fibrin clot 

that seals and protects the site of injury, thereby allowing wound healing to occur [44].  

Once wound healing has occurred, the fibrinolytic system is activated to limit further fibrin 

deposition by dissolving the fibrin clot and restoring normal blood flow to the area [25]. Fibrinolysis 

consists of enzymatic interactions between plasminogen activators and inhibitors, which result in 

the degradation of fibrin into fibrin degradation products such as fibrin D-dimer [45]. The 

fundamental action of the plasminogen activator system is the conversion of plasminogen to 
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plasmin by tissue-type plasminogen activator (t-PA) [46]. Plasmin degrades the fibrin clots by 

binding to the lysine binding sites on the surface of fibrin fibres, which lead to transverse cuts of 

the fibrin fibres. This results in the generation of soluble fibrin degradation products [25]. t-PA 

activity is regulated by plasminogen activator inhibitor-1 (PAI-1) to prevent the premature lysis of 

a fibrin clot [47].   

1.2.1 von Willebrand factor (vWF) 

vWF is a large multimeric plasma glycoprotein that is synthesised in both endothelial cells and 

megakaryocytes and stored in Weibel-Palade bodies and α-granules, respectively [48-50]. From 

here it is released in response to secretagogues such as thrombin, fibrin and histamine [30,49,51] 

(Figure 2) 

 

 

 

 

 

 

Figure 2: von Willebrand factor synthesis from an endothelial cell, modified from Lip GYH et al. 

[52]. A = constitutive secretion into plasma; B = constitutive secretion to the subendothelium; C = 

regulated pathway for storage in the Weibel-Palade body; D = Controlled exocytosis of Weibel-

Palade body mediated by secretagogues.  
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levels increase with endothelial cell disturbance and/or dysfunction, therefore vWF is considered 

to be an indicator of endothelial health [30,52]. 

vWF is synthesised as a large 2813 amino acid precursor (pre-pro-vWF) that consists of a 22 

amino acid signal peptide, a 741 amino acid pro-peptide and 2050 amino acid mature vWF 

subunit [30,57]. vWF undergoes several complex post-translational modifications as it moves 

along the secretory pathway [55]. Firstly, the signal peptide is cleaved, followed by dimerisation 

of pro-vWF through inter-subunit C-terminal disulphide bond formation at the carboxyl terminal 

ends [58]. This is followed by the addition of 12 N-linked and 10 O-linked oligosaccharide side 

chains that undergo glycosylation by a series of glycosidases and glycosyltransferases in the 

endoplasmic reticulum [59]. Thereafter, multimerisation of the vWF dimers occur through another 

round of disulphide bond formation, which is followed by the cleavage of the pro-peptide [60] 

(Figure 3).  

 

 

 

 

 

 

Figure 3: Positions of the 12 N-linked and 10 O-linked oligosaccharide side chains on a mature 

von Willebrand factor monomer as depicted by McGrath et al. [55]. 

The mature vWF molecule consists of several subunits and a series of oligomers that are either 

directly released into the plasma or stored in the Weibel-Palade bodies, from where it will be 

secreted in a regulated manner as high molecular weight multimers (HMWM) of mature vWF 

[30,57]. The HMWM of vWF can consist of a minimum of 2 or a maximum of 40 linked vWF 

subunits [57]. These HMWM of vWF has a high affinity for collagen and platelets binding and are 

therefore highly efficient in inducing platelet aggregation, especially during high shear conditions 
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[61,62]. Figure 4 depicts the domains and their respective binding sites that each vWF subunit 

comprises of [31]. The accessibility of domain A1 and A3 are dependent on the dynamic forces 

of the blood exerted on the vWF molecule because of the unique coiled structure of vWF. This 

coiled structure of vWF promotes its ability to bind platelets to the subendothelium during 

conditions of high shear stress [31]. 

 

 

 

 

 

 

 

 

 

Figure 4: Schematic representation of a mature von Willebrand factor monomer with its domains 

and their respective binding and cleavage sites from Reininger et al. [31]. 

Once vWF is released at the site of injury, it is immediately anchored to the surface of the 

extracellular matrix by means of the P-selectin and collagen binding sites [63,64]. Fluid shear 

stress stretches the vWF molecule, thereby exposing the various domains of the vWF subunits 

and their binding sites. Platelets rapidly bind to the exposed GP1bα binding sites and promote 

platelet plug formation [65,66]. Therefore vWF is considered as the bridge between the exposed 

subendothelial layer and the platelets. Fluid shear stress does not only promote platelet plug 

formation but also mediates the proteolysis of vWF by exposing the A2 domain. vWF is cleaved 

by the metalloproteinase ADAMTS-13 (A Disintegrin And Metalloproteinase with 

ThromboSpondin type 1 motif 13) into smaller less active forms, thereby preventing overt 

thrombus formation during conditions of elevated shear stress [67-69]. The measurement of vWF 

may be of clinical value, since elevated circulatory vWF levels indicate endothelial disturbance or 

dysfunction [70]. Previous investigators found that vWF is an independent marker of 
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cardiovascular risk and is independently associated with coronary heart disease and stroke [71-

74]. 

1.2.2 Fibrinogen 

Fibrinogen is a soluble glycoprotein with a molecular weight of 340 KDa that is primarily 

synthesised by hepatocytes [75]. Normal plasma levels range between 1.5 to 4.0 g/L [53]. Once 

secreted, fibrinogen has a half-life of approximately 100 hours [76]. Fibrinogen is the precursor 

for fibrin that is responsible for stabilisation of the platelet plug and is seen as an essential 

component of the haemostatic system [77]. 

A fibrinogen molecule consists of two outer D domains and a central E domain that are connected 

to each other by two α helical coiled segments (Figure 5). The molecule is comprised of two sets 

of three polypetide chains namely, Aα, Bβ and γ [78-81]. The D domain consists of the Bβ and γ-

C termini while the globular Aα-C termini is located close to the E domain. Each of the Aα chains 

contains an fibrinopeptide A (FpA) and fibrinopeptide B (FpB) sequence that is cleaved by 

thrombin upon activation. Cleavage of the FpA sequence exposes a polymerisation site termed 

EA. The exposed EA site combines with a complementary binding pocket Da in the D domain of a 

neighbouring molecule to form double stranded twisting fibrin fibres [82-85]. The cleavage of FpB 

occurs at a slower rate than FpA cleavage. Once FpB is cleaved by thrombin, the polymerisation 

site EB is exposed. This interacts with a complementary Db site in the β chain segment of the D 

domain of another fibrinogen molecule. This interaction allows lateral binding of fibrin fibres that 

contributes to fiber thickness and tensile strength of a fibrin molecule [86-88]. 
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Figure 5: Schematic representation of a fibrinogen molecule that is cleaved by thrombin to form 

fibrin fibres as depicted by Undas et al. [89]. 

Fibrinogen is an independent risk marker of cardiovascular disease and may increase an 

individual’s cardiovascular risk through increased fibrin formation and alteration of the fibrin 

network structure [14,90,91]. In addition, elevated fibrinogen can increase an individual’s 

cardiovascular risk by increasing plasma viscosity and red blood cell aggregation [92,93] 

decreasing blood fluidity and enhancing platelet aggregation. Moreover,  fibrinogen also acts as 

an acute phase reactant during inflammatory states [94,95], possibly contributing to endothelial 

dysfunction.  

1.2.3 Fibrin D-dimer 

Haemostasis is followed by fibrinolysis to prevent overt thrombus formation from occurring. During 

fibrinolysis the cross-linked fibrin clot is cleaved by plasmin into fibrin degradation products of 

which fibrin D-dimer is the best characterised [96,97] (Figure 6). Fibrin D-dimer is not only 

considered a marker of subsequent lysis but also of increased thrombus formation since it 

originates from cross-linked fibrin that is formed during thrombus formation [18,98]. Circulating 

fibrin D-dimer levels are easily measured and suitable for routine clinical and epidemiological 
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purposes [18]. The half-life of fibrin D-dimer is approximately 48 hours and normal reference 

values range between 0-500 µg/ml [18,53]. The clearance of fibrin D-dimer occurs via the urinary 

and the reticulo-endothelial system [18,98].  

-  

Figure 6: Fibrinolysis of a fibrin(ogen) molecule into fibrin fragments such as fibrin D-dimers, D 

and E fragments, Bβ15–42 and α chain fragments. The scissors mark plasmin cleavage sites, 

while the knife marks thrombin cleavage sites from Jennewein et al. [99]. 

Elevated fibrin D-dimer levels are indicative of a procoagulant state that favours the development 

and progression of cardiovascular disorders [100]. Koening et al. [101] found that elevated fibrin 

D-dimer levels predict the risk of future coronary events independently of conventional risk factors 

in healthy individuals. These findings are reinforced by a meta-analysis of six studies that reported 
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an odds ratio of 1.79 (95% CI, 1.36 to 2.36; p<0.001) for coronary heart disease when fibrin D-

dimer were stratified by tertiles [102]. Furthermore, elevated fibrin D-dimer is also associated with 

an increased risk of myocardial infarction, ischemic stroke and coronary death in high risk patients 

[101,103-105]. The elevated levels may occur due to increased fibrin formation, reduced renal 

clearance, increased prevalence of cardiovascular risk factors, occult disease and/or 

inflammation [23,106]. On the other hand, low levels of fibrin D-dimer occur when plasmin 

formation is inhibited by PAI-1, which is also associated with an increased cardiovascular risk 

[107].  There is a complex relationship between fibrin D-dimer and PAI-1. Elevated PAI-1 results 

in low levels of fibrin D-dimer, while fibrin D-dimer possesses conformational-dependent signalling 

epitopes that regulate PAI-1 expression, which may be exposed upon plasmin cleavage of cross-

linked fibrin [107,108]. Therefore, the measurement of both fibrin D-dimer and PAI-1 are essential 

for the assessment of the fibrinolytic system. 

1.2.4 Plasminogen activator inhibitor-1 (PAI-1) 

PAI-1 is a single chained glycoprotein that is a member of the serine protease inhibitor (serpin) 

superfamily, which consists of 379 amino acids in length and has a molecular weight of about 48-

52 KDa [46,109]. PAI-1 is primarily derived from the liver, but several other sources such as the 

vascular endothelium, megakaryocytes, smooth muscle cells, macrophages, the spleen and 

adipose tissue have also been identified [110-112]. Normal plasma values range between 4.0 - 

43.0 ng/ml and a biological half-life of 8-10 min has been suggested [17,53,113].  

Endothelial cells contribute to a large amount of circulating PAI-1 caused by hormonal, metabolic 

or inflammatory stimuli [16]. Therefore, elevated levels of PAI-1 have been suggested as an 

indicator of endothelial dysfunction [114]. Recently Brogen et al. [115] reported that large amounts 

of active PAI-1 are released from platelets during thrombus formation, which stabilises fibrin clots 

and prevents premature lysis of the fibrin clot that promotes wound healing [115]. PAI-1 is 

secreted into the bloodstream in its active form and exhibits a unique conformational flexibility 

that allows it to be in an active, latent or substrate form [116] (Figure 7). PAI-1 inhibits the activity 

of the plasma serpin enzymes t-PA and urokinase plasminogen activator (u-PA) by blocking their 
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active sites, thereby preventing the conversion of plasminogen into plasmin and ultimately the 

lysis of a fibrin clot [117]. 

 

Figure 7: The structure of PAI-1 in the active (A), cleaved (B) and latent (C) from, Gils et al. [118]. 

The β-sheet is indicated in green, the reactive site loop in red and the reactive site residues Arg346-

Met347 are represented as blue and yellow spheres, respectively. 

Structural information about the native inhibitory form of PAI-1 is elusive because of its inherent 

conformational instability and rapid conversion to a latent structure [109]. Generally the crystal 

structure of the serpin proteins consist of three β-sheets and nine α-helixes with an exposed 

reactive central loop [119]. The gene for PAI-1 is located on chromosome seven, and is composed 

of nine exons and eight introns [120]. The most important regulatory elements of the PAI-1 gene 

include a glucocorticoid response element that mediates aldosterone responsiveness [121,122], 
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a very low-density lipoprotein response site [123], and two Sp1 sites that mediate glucose and 

glucosamine responsiveness [124,125]. There are two well characterised functional domains for 

PAI-1. The first is encoded by exon 3 and 4, which has a binding site for vitronectin. This anchors 

the PAI-1 molecule to the extracellular matrix. The second domain is the reactive centre loop that 

is encoded by exon 8 [109]. The reactive centre loop undergoes conformational changes after 

PAI-1 binds to vitronectin and is primarily required for the inhibition of both t-PA and u-PA 

[118,126].  

Overproduction of PAI-1 will suppress fibrinolysis, consequently leading to pathological fibrin 

deposition [127,128]. Plasma PAI-1 levels peak in the early morning, coinciding with the highest 

incidence of acute myocardial infarction and non-occlusive ischaemic coronary events [17]. 

Several studies have reported that the association between PAI-1 and cardiovascular events are 

not independent of components of the metabolic syndrome and suggests that elevated PAI-1 may 

be the link between the metabolic syndrome and cardiovascular risk [129,130].  

1.2.5 Fibrinolytic potential  

The contribution of individual components of the fibrinolytic system to the global fibrinolytic 

potential of an individual can be difficult to interpret, especially during disease states. As described 

earlier, the fibrinolytic system is influenced by several components that may increase or decrease 

fibrin clot breakdown [45]. The interpretation of an individual’s fibrinolytic potential by means of a 

global fibrinolytic assay is therefore of value, since it provides information regarding both fibrin 

generation and lysis [131]. Several turbidimetric [132-135] and non-turbidimetric [136,137] global 

fibrinolytic assays are available to determine the fibrinolytic potential of an individual. However, 

these assays do not all include all the components of fibrin formation and degradation and can 

therefore not be considered a true representation of an individual’s fibrinolytic potential. A plasma-

based turbidimetric clot lysis assay recently developed by Lisman et al. [138] is considered to be 

a true reflection of fibrinolytic potential, since it is influenced by levels of proteins involved both in 

the coagulation, as well as the lysis pathways. In this assay clotting is initiated by TF, therefore 

clot formation is dependent on the endogenous concentrations of the different coagulation factors, 
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which are known to influence lysis rate. This assay expresses an individual’s plasma fibrinolytic 

potential as clot lysis time (CLT), which is determined from a turbidity curve of fibrin 

polymerisation, in which clot formation was induced by adding TF and clot breakdown by t-PA 

[138] (Figure 8).  
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Figure 8: A clot lysis profile in normal plasma. The curve was generated by plotting absorbance 

(Y-axis) as a function of time (X-axis). Coagulation was initiated by the addition of tissue factor, 

phospholipids and calcium chloride, while fibrinolysis was initiated by the addition of tissue type 

plasminogen activator. The profile consists of 4 distinct parts: 1 – clot formation; 2 – latency; 3 – 

clot dissolution; 4 – latency. 

Clot lysis time is defined as the time from the midpoint in the transition from the initial baseline to 

maximum turbidity, which is representative of clot formation, to the midpoint in the transition from 

maximum turbidity to the final baseline turbidity, which represents the lysis of the clot [138]. CLT 

can be affected by factors that influence the fibrin binding characteristics of t-PA, concentrations 

of fibrinolysis inhibitors and the structure of the fibrin clot [134]. The thickness of the fibrin fibres 

and permeability of a fibrin clot have a major impact on fibrinolysis. For example, fibrin networks 

composed of thin fibres with a decreased permeability lyse slower than clots formed with thicker 

fibres and increased permeability [139,140] (Figure 9). Previous investigators have reported that 
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a decreased fibrinolytic potential, as indicated by increased CLT, is indicative of hypofibrinolysis 

and has been associated with increased cardiovascular risk in patients with CVD [138,141]. 

 

Figure 9: Scanning electron micrographs of fibrin clots. A-fibrin clot with thick fibres and increased 

permeability, B-fibrin clot with thin fibres and decreased permeability from Weisel et al. [142]. 

Magnification bar = 5 µm. 

1.3 Determinants of the haemostatic markers 

Several genetic and environmental factors that influence circulating levels of the haemostatic 

markers have been reported. Circulating levels of vWF [143,144], fibrinogen [145,146], PAI-1 

[147,148] and fibrin D-dimer [149] are controlled to a substantial degree by genetic factors. 

However, environmental factors seem to be the primary determinants of circulating haemostatic 

factor levels. Table 1 lists the most conventional factors that influence the selected haemostatic 

components. 
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Table 1: Determinants of haemostatic markers. 

 vWf Fibrinogen 
Fibrin    

D-dimer 
PAI-1 

Fibrinolytic 
potential 

Age ↑ [21] ↑ [150, 151] ↑ [23, 152] ↑ [46, 153] ↑ [141] 

Gender 
↑ Women 
[21] 

↑ Women 
[154, 155] 

↑ Women 
[152, 156] 

↑ Men   
[157, 158] 

- 

Ethnicity 
↑ African 
[21, 159] 

↑ African 
[22, 151] 

↑ African 
[23, 160] 

↓ African 
[160, 161]  

- 

Obesity ↑ [21, 162] ↑ [154, 163] ↑ [156] ↑ [164, 165] ↑ [141, 166] 

Cholesterol ↑ [167] ↑ [91] - ↑ [129, 168] ↑ [141, 166] 

Glucose ↑ [169] ↑ [170] - ↑ [171, 172] ↑ [131, 166] 

Smoking - ↑ [90, 173] ↑ [152] ↑ [174, 175] - 

Drinking 
Moderate    
↓ [21, 176] 

Moderate    
↓ [177] 

- 
Excessive         
↑ [176, 178] 

- 

Regular physical activity ↓ [21, 179] ↓ [180, 181] - ↓ [182, 183] - 

Contraceptives ↑ [184, 185] ↑ [186, 187] ↑ [156] ↓ [188, 189] ↑ [141] 

Menopause - ↑ [190] - ↑ [190, 191] - 

Hormone replacement 
therapy 

↓ [192] - - ↓ [193, 194] - 

Diurnal changes 
↑ Midday 
[195] 

↑ Afternoon 
[195, 196] 

↑ Afternoon 
[195] 

↑ Morning 
[197, 198] 

- 

Seasonal differences 
↑ Winter 
[195] 

↑Winter 
[199, 200] 

- 
↑ Winter 
[199] 

- 

1.4 Haemostasis and cardiovascular function 

1.4.1 Haemostasis and blood pressure 

The pathogenesis of hypertension is multifactorial [201,202] and numerous physiological 

alterations have been described in hypertensive individuals, including endothelial dysfunction 

[203], systemic inflammation [204,205], enhanced oxidative stress and a reduced fibrinolytic 

potential [141,206,207]. Clinical and laboratory evidence suggests that hypertension is related to 

a prothrombotic state that may be brought on by changes disrupting the balance between the 

coagulation and fibrinolytic pathways [208,209]. Elevated blood pressure contributes to all the 

components of Virchows Triad that consist of endothelial dysfunction and changes to both blood 
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constituents and flow, which results in the enhanced activation of the coagulation system, thereby 

promoting thrombogenesis [209,210]. This may explain why hypertensive complications such as 

myocardial infarction and stroke are thrombotic rather than haemorrhagic in nature. Furthermore 

hypertension is also related to conditions such as atrial fibrillation [211,212], heart failure [213] 

and left ventricular hypertrophy [214] that are accompanied by a prothrombotic state (Figure 10). 

 

 

 

 

 

 

 

 

 

 

Figure 10: Sequence of events in hypertensive cardiovascular disease leading to the 

prothrombotic state. Adapted from Varughese et al. [210].  

Associations of fibrinogen [92,215], vWF [216], PAI-1 [206,207], fibrin D-dimer [152,214] and CLT 

[141] with blood pressure have been reported. Fibrinogen overproduction clearly accompanies 

hypertension progression and may even precede its development [217]. The exact mechanism 

by which fibrinogen may promote hypertension progression and development is still not fully 

understood. However, its role as a determinant of plasma viscosity has received much attention, 

since plasma viscosity is normally elevated in patients with hypertension and blood pressure 
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correlates positively with fibrinogen [92,218]. High levels of vWF were reported in hypertensives, 

but it  tends to normalise again after the successful treatment of hypertension [216]. Junker et al. 

[219] speculated that an increase in vWF expression only occurs in patients with sustained 

hypertension, since low vWF levels have been found in newly diagnosed hypertensive patients. 

It was suggested that the presence of endothelial dysfunction or damage, as represented by an 

increase in vWF, may be one mechanism by which patients with hypertension is at a greater risk 

for thrombogenesis [52]. 

PAI-1 seems elevated in hypertensive patients and may precede hypertension development 

[206,207,220]. However, generally elevated blood pressure levels seem to result in the increased 

secretion of PAI-1 through hypertension-induced shear stress and/or endothelial dysfunction 

[221]. Elevated PAI-1 levels may suggest that a reduced fibrinolytic potential exists in individuals 

with hypertension, although investigators determining the fibrinolytic potential with the euglobin 

fibrinolytic assay, were unable to find any significant association with blood pressure [219]. 

Meltzer et al. [141] who determined the fibrinolytic potential using the method described by Lisman 

et al. [138] did report associations between blood pressure and CLT, thereby indicating that 

elevated blood pressure may be accompanied by a decreased fibrinolytic potential. Independent 

associations between fibrin D-dimer and blood pressure have also been reported in hypertensive 

patients [152,222]. Furthermore, fibrin D-dimer levels were also higher in black hypertensives 

when compared to their white hypertensive counterparts, suggesting that fibrin turnover is higher 

in people from African descent [222]. This may be a possible explanation for the increased 

cardiovascular morbidity and mortality among the black population with hypertension. The 

detailed mechanisms that result in the increased activity of the haemostatic system seen in 

hypertensives, remain unclear and further investigation is needed. 

1.4.2 Haemostasis and endothelial function 

The endothelium is an active endocrine organ that regulates vascular tone, control blood fluidity 

and exert antiplatelet, anticoagulant and fibrinolytic properties [223,224]. Under normal conditions 

nitric oxide (NO), prostacyclin, and bradykinin are released by the vascular endothelium. 
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Prostacyclin and NO act synergistically to inhibit platelet aggregation, while bradykinin stimulates 

the production of t-PA that aids fibrinolysis [225]. Excessive stimulation of the endothelial cells by 

a variety of stimuli that include diabetes mellitus, smoking, hypertension and inflammation upsets 

the homeostasis of the vascular endothelium. This results in endothelial dysfunction that 

contributes to atherosclerosis development and ultimately an increase in cardiovascular events 

[223,224] (Figure 11). Endothelial dysfunction is characterised by the suppression of antiplatelet 

and anticoagulant activity and the expression of procoagulant activity [223] (Figure 12).  

 

 

 

 

 

 

 

 

 

 

Figure 11: The role of endothelial dysfunction in the pathogenesis of cardiovascular disease 

events. Adapted from Widlandsky et al. [224].  

Inflammatory mediators play a crucial role in endothelial dysfunction that disrupts the normal 

functioning of the vascular endothelium and impairs vascular tone regulation. Inflammation and 

haemostasis are linked processes that elicit a vicious cycle, since the activation of the one results 

in the activation of the other [226,227]. The main inflammatory mediators involved in inflammation-
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induced coagulation activation are interleukin-6 (IL-6), tumor necrosis factor α (TNF-α) and 

interleukin-1 (IL-1). IL-6 and TNF-α are involved in the up-regulation of TF and increased 

synthesis of fibrinogen from the hepatocytes, while IL-1 is involved in the down regulation of the 

protein C pathway that forms part of the anticoagulant system [227]. Furthermore, fibrinogen and 

fibrin can also stimulate the expression of the inflammatory mediators by activating specific 

receptors on mononuclear or endothelial cells [228]. 

 

 

 

 

 

 

 

 

 

 

Figure 12: Endothelial cells produce antithrombotic and prothrombotic molecules. Adapted from 

Wu et al. [223]. Abbreviations: a, activated; F, factor; NO, nitric oxide; PAI-1, plasminogen 

activator inhibitor-1, PGI2, prostacyclin; TFPI, tissue factor pathway inhibitor; t-PA, tissue 

plasminogen activator; PC, Protein C; vWF, von Willebrand factor. 

The release of vWF and PAI-1 are promoted by several antagonists that result in increased 

platelet adhesion and aggregation and decreased fibrinolysis [30]. Studies on cultured endothelial 

cells have identified several pathways and antagonists that lead to the increased secretion of 

vWF from the Weibel-Palade bodies. Firstly, thrombin, histamine, superoxide anions and several 
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inflammatory markers mediate the acute release of vWF through an increase in intracellular 

cytosolic free calcium [229-231]. 

Secondly, epinephrine, adenosine, prostacyclin and vasopressin induce vWF release through the 

activation of V2 receptors that mediate signalling via cyclic adenosine monophosphate (cAMP) 

[232]. PAI-1 expression is also up-regulated by cytokines (TNF-α [233], IL-1 [234], tissue growth 

factor β [235]) and hormones (glucocorticoid [236], insulin [237], angiotensin II [238]). Hypoxic 

conditions and elevated shear stress can also induce the secretion of vWF and PAI-1 from 

endothelial cells. However their signal transductions are still unclear [239-241]. Furthermore, 

Hoekstra et al. [242] reported that PAI-1 release is not only increased as a response to 

proinflammatory cytokines but in turn, also stimulates the synthesis of cytokines. 

IL-6 is the main stimulator for the release of both C-reactive protein (CRP) and fibrinogen from 

hepatic cells [243,244]. Although CRP and fibrinogen are strongly correlated with each other, 

fibrinogen is preferred for the determination of an individual’s cardiovascular risk, since it is more 

specifically related to vascular disease states [245,246]. Fibrinogen influences the endothelium 

by binding to the intercellular adhesion molecule-1 receptor on the endothelial membrane. This 

stimulates the release of endothelin-1 (ET-1) from the Weibel-Palade bodies and increase 

endothelial permeability [217,245,247]. The increased permeability of the endothelial cells 

enhances fibrinogens deposition in the subendothelial matrix, where it is converted into fibrin and 

degraded into fibrin degradation products. Both fibrin and its degradation products induce 

monocyte chemotaxis and promote smooth muscle cell chemotaxis and proliferation [245,248]. 

Activation of the coagulation cascade by IL-6 and/or TNF-α also increases circulating fibrin D-

dimer levels [249,250]. However, this link seems to be bi-directional, since elevated fibrin D-dimer 

also stimulates neutrophil and monocyte activation, which in turn secretes cytokines (such as IL-

6 and TNF-α) [251-253]. A study by Yevdokimova et al. [107] also reported that elevated fibrin D-

dimer may be involved in the down-regulation of NO production, which contributes to endothelial 

dysfunction and promotes oxidative stress development. 
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1.4.3 Haemostasis and oxidative stress 

Under normal conditions oxidants are released at a steady state from the endothelium and play 

a role in gene expression, cell growth, vasodilatation and oxygen sensing in various cell types 

[254]. One of the most well characterised oxidants is superoxide, which is dismutated 

enzymatically to form hydrogen peroxide (H2O2) by superoxide dismutase (SOD) [254]. H2O2 is 

stable and moves easily through membranes with the aid of transporters that are responsible for 

the oxidation of key thiol residues on proteins and low molecular weight thiolating agents such as 

glutathione (GSH) [255]. H2O2 has an important signalling role in mitochondrial metabolism and 

the regulation of cellular processes [256]. It is converted to water by either catalase or glutathione 

peroxidase (GPx) [255]. The production of oxidants is carefully maintained by antioxidant 

enzymes (SOD, catalase and GPx) and oxidant scavengers (Vitamin E and glutathione), which 

reduce the bioavailability of oxidants and in doing so, protect the various cells against the 

potentially damaging accumulation of intra- and extracellular oxidants [256]. 

Oxidative stress occurs when oxidants are overproduced and/or when antioxidant enzyme levels 

are diminished. Both cases result in an altered equilibrium between oxidants and antioxidants in 

favour of oxidants [255,257]. Chronically induced oxidative stress contributes to endothelial 

dysfunction [258,259]. The most abundant non-protein thiol that defends against oxidative stress 

is the tripeptide GSH [260]. GSH exists in its thiol-reduced (GSH) or oxidised glutathione 

disulphide (GSSG) form and is resistant to intracellular degradation that is only metabolised 

extracellularly [260,261]. The cycling between GSH/GSSG removes the oxidants and protects the 

cells against oxidative injury [262,263]. For instance, when GPx reduces H2O2, two molecules of 

GSH binds with one molecule of H2O2, which leads to the formation of water and GSSG. GSSG 

is then converted back to its reduced state via the enzyme glutathione reductase [264]. Excessive 

oxidative stress conditions cause GSSG to increase. This in turn reduces the GSH/GSSG ratio 

[262]. GPx is the rate-limiting factor in this reaction and originates from a family of tetrameric 

enzymes, that contain the unique amino acid, selenocysteine, within their active sites. At present, 

four isoforms of GPx has been identified, i.e. cellular GPx (GPx-1), gastrointestinal GPx (GPx-2), 

extracellular GPx (GPx-3) and phospholipid hydroperoxide GPx (GPx-4) [255]. GPx-3 is 
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considered an important antioxidant enzyme in the extracellular compartment since it reduces 

H2O2, thereby protecting the endothelium against oxidative stress and maintaining the 

vasorelaxant and antithrombotic properties of the endothelium [265-268]. Overproduction of 

oxidants have been related to increased thrombus formation through the enhancement of 

thrombin formation and PAI-1 activity [269,270] (Figure 13). 

An in vitro study by Matsushita et al. [271] showed that low levels of H2O2 inhibit thrombin-induced 

vWF secretion from endothelial cells. However, inverse relationships have been reported between 

diminished GPx activity and reduced GSH levels with vWF caused by increased oxidative stress 

in people from European descent [167,272,273]. This indicates that excessive oxidative damage 

may promote thrombus formation. Fibrinogen is also highly susceptible to oxidative modification 

by reactive oxygen species during tissue injury and inflammatory conditions [274]. Once the 

fibrinogen molecule is oxidised, it undergoes several posttranslational modifications that seem to 

alter its functional properties. This alters fibrinogen’s interaction with platelets, endothelial, and 

other cells via cell membrane fibrinogen receptors and modifies the formation and architecture of 

the fibrin network [275-279]. 

There are conflicting results on whether oxidised fibrinogen is prothrombotic [276,281,282] or 

antithrombotic [277,279,283]. The oxidative modifications of fibrinogen is site-specific and vary 

depending on the method and oxidant being used [280] (Table 2). It has been suggested that the 

site of oxidative modification of fibrinogen depends on the oxidant [275,280] and that the extent 

to which oxidised fibrinogen influences the haemostatic system depends on the intensity and 

duration of oxidation.  
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Figure 13: The role of reactive oxygen species and nitric oxide in coagulation and platelet 

aggregation from Kvietys et al. [270]. Abbreviations: a, activity; APC, activated protein C; ATIII, 

anti-thrombin III; C; eNOS, endothelial nitric oxide synthase; F, factor; NO, nitric oxide; Nox, 

nitrogen oxide; PAI-1, plasminogen activator inhibitor-1; ROS, reactive oxygen species, TFPI, 

tissue factor pathway inhibitor; t-PA, tissue plasminogen activator; u-PA, urokinase plasminogen 

activator.   

Azizova et al. [278] found that when fibrinogen is only oxidised by 10 percent, the extrinsic 

pathway is only moderately activated, while a 20 percent oxidation of fibrinogen supresses both 

the extrinsic and intrinsic pathways. Furthermore, Vadseth et al. [276], who investigated post 

translational modification of fibrinogen after exposure to myeloperoxidase and H2O2 or 

hypochlorite in patients with a history of CVD, reported that fibrin clots formed in an oxidative 

environment has a decreased permeability that tends to be more resilient towards lysis. Oxidised 

fibrinogen has also been shown to have a reduced capacity to stimulate t-PA expression, which 

is responsible for inducing lysis, thereby promoting thrombus formation [282]. Furthermore, PAI-

1 expression is redox sensitive and tends to increase with oxidative stress and decrease with an 

increase in antioxidants [284-286]. 
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Table 2: Site specific oxidative modifications of fibrinogen and effects on fibrin function and clot 
structure from Martinez et al. [280]. 

 
In vitro photo-

oxidised 
fibrinogen 

In vitro hypochlorite-oxidised 
fibrinogen 

Ex vivo plasma of 
smokers and non-

smokers 

Type of 
modification 

Oxidised histidine Methionine sulfoxide 3-Nitrotyrosine 

Site of 
modification 

Bβ His16; unknown 
Aα 

Aα Met476 a, Bβ Met367, γ Met78 Bβ Tyr292 b, Bβ Tyr422 

Monomer 
association 

Increased NA NA 

Fibrin 
Polymerisation 

Decreased Decreased Increased 

Final turbidity Decreased Decreased Increased 

Fibrin clot 
lysis 

NA Slower Slower 

Viscoelastic 
properties 

NA 
Decreased stiffness and 

viscosity 
Increased stiffness and 

viscosity 

Fibrin clot 
structure 

NA 
Increased fiber density, 

decreased fiber diameter, 
decreased pore size. 

Increased fiber clusters 

a most abundant modification; b most frequent modification. 

Inflammation has been identified as the main initiator that disrupts the balance between NO and 

superoxide within endothelial cells often resulting in increased oxidative stress [270]. The intricate 

relationship between oxidative stress, inflammation and endothelial dysfunction on the 

haemostatic system may not only be relevant for vascular thrombotic disease but also have major 

consequences in the pathogenesis of microvascular dysfunction [227]. 

1.4.4 Haemostasis and the microvasculature 

Investigation of the structure and function of the microvasculature is important for the early 

detection of cardiovascular changes [287]. The retina has been identified as a convenient site to 

assess microvessels with a non-invasive technique that is reproducible [288,289]. The retinal 

blood vessels also share many anatomical and physiological similarities with the cerebral- and 
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coronary blood vessels [288,289]. Therefore, changes in the retinal blood vessels are likely to 

reflect similar changes in the cerebral- and coronary blood vessels. The retinal blood vessels are 

assessed from digital images from where the arteriolar-to-venular ratio (AVR) and central retinal 

artery (CRAE) and vein (CRVE) equivalents are determined by means of computer assisted 

programs [287,290]. Changes in the calibre size of the microvessels provide valuable information 

about the influence of systemic, environmental and genetic risk factors on early structural changes 

of the microvasculature [287]. For instance, arteriolar narrowing is associated with the presence 

and severity of hypertension [291-294], whereas venular widening is associated with inflammation 

[295,296], diabetes [297,298], dyslipidaemia [298,299] and stroke incidence [300,301]. Previous 

investigators from the United States of America reported a decreased AVR in black participants 

when compared to their white counterparts, which was caused by both a larger CRAE and CRVE 

[295,302].   

Fibrinogen, vWF and PAI-1 were related to retinal microvascular changes in both the 

Artherosclerosis Risk In Communities study (ARIC) [295] and Multi-Ethnic Study of 

Atherosclerosis (MESA) [302]. Both studies reported a positive association between CRVE and 

fibrinogen and suggested that venular widening was brought about by inflammation with 

fibrinogen being an acute phase protein. Elevated levels of fibrinogen have also been shown to 

influence the microcirculation by increasing plasma viscosity, altering vascular reactivity and 

compromising the endothelial cell layer [217] (Figure 14). Plasma viscosity is among others 

determined by fibrinogen and overproduction leads to a decrease in blood fluidity and increase in 

shear stress [93,217]. Increased shear stress promotes thrombus formation through the activation 

of the surrounding endothelial cells and platelets, which in turn results in the increased expression 

of several adhesion molecules and integrins [303-307]. These effects increase blood flow 

resistance or, in severe cases, allow blood flow stagnation to occur in the micro vessels [308,309]. 
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Figure 14: Schematic representation of fibrinogen induced vascular dysfunction. Adapted from 

Lominadze et al. [217]. 

Fibrinogen also has vasoactive effects [310,311] and has the ability to increase endothelial 

permeability [217,312,313] by binding to intracellular adhesion molecule-1 (ICAM-1) and the αvβIII 

or αvβ1 integrins. A study by Sen et al. [247] showed that once fibrinogen is bound to ICAM-1, 

extracellular signal regulated kinase 1/2 is activated. This results in the release of ET-1 from the 

Weibel-Palade bodies, thereby promoting vasoconstriction [247]. The binding of fibrinogen to 

integrin αvβIII or αvβI on the endothelial membrane has been found to induce opposing effects. 

Fibrinogens binding to integrin αvβIII prompted vasodilation while αvβI binding prompted 

vasoconstriction [314,315]. Furthermore, the binding of fibrinogen to ICAM-1 and integrin αvβI also 

increases endothelial permeability by altering the vascular tight junction proteins and activation of 

the matrix metalloproteinases [312,313]. All these effects of fibrinogen contribute to endothelial 

dysfunction, which exacerbates microcirculatory complications during CVD. 

Furthermore, the ARIC study also found that higher vWF was associated with an increased AVR 

that was prompted by arteriolar widening [295,296]. No association between vWF and any of the 

vessel calibres was found in the MESA study. However a weak positive association between PAI-

1 and CRVE was reported [302]. The investigators of the MESA study suggested that both 

inflammation and endothelial dysfunction may play a role in retinal vessel calibre changes based 

on the associations of fibrinogen and PAI-1 with the vessel calibres. The exact mechanisms 

↑ Fibrinogen 

↑ Vascular dysfunction 

↑ Blood viscosity ↑ Vascular reactivity ↓ Endothelial integrity 
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involved in arteriolar narrowing and venular widening remain unknown. However, epidemiological 

studies have consistently shown that venular widening is related to systemic inflammation 

[296,302]. Arteriolar narrowing, which is largely influenced by blood pressure, and forms part of 

the initial stages of hypertensive retinopathy, seems to be preferentially related to endothelial 

dysfunction. Since, the retinal blood vessels have no adrenergic vasomotor nerve supply, 

vascular tone is mainly regulated by myogenic and endothelial cell changes [287]. 

1.5 Aims 

 

 

 

 

 

 

 

Figure 15: Components of the haemostatic system and cardiovascular function investigated. 

Abbreviations: vWF, von Willebrand factor; PAI-1, plasminogen activator inhibitor-1; CLT, clot 

lysis time; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; H2O2, 

hydrogen peroxide; GSH, glutathione; GPx, glutathione peroxidase; GR, glutathione reductase; 

AVR, arteriolar-to-venular ratio; CRAE, central retinal artery equivalent; CRVE, central retinal vein 

equivalent. 

The aims of this study are firstly, to compare markers of coagulation and fibrinolysis between a 

black and white population from South Africa; and secondly, to determine if associations exist 

between the selected components of the haemostatic system and markers of cardiovascular 

function in this bi-ethnic population (Figure 15). This is especially relevant for the black population 
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who tends to be at higher cardiovascular risk due to altered metabolic [5-8] and haemostatic 

profiles [21-23] compared to their white counterparts.  

1.6 Objectives 

 To investigate potential ethnic differences in selected markers of coagulation and 

fibrinolysis in black and white South Africans; 

 To investigate ethnic-specific associations of selected coagulation and fibrinolysis 

markers with (1) ambulatory blood pressure, (2) markers of oxidative stress and 

antioxidant capacity, and (3) measures of microvascular structure.  

1.7 Hypotheses 

 Compared to the white population, the black population exhibits higher levels of vWF, 

fibrinogen and fibrin D-dimer, lower levels of PAI-1 and a shorter CLT; 

 Ethnic differences exist in the relationships of the ambulatory blood pressures with the 

haemostatic components; 

 Oxidative stress and antioxidant markers are associated with the haemostatic 

components in both ethnicities, with more adverse associations seen in the black 

population; 

 The retinal vessel calibres are associated with the haemostatic components in the black 

population. 
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2.1 Abstract 

Introduction: Hypertension is highly prevalent in black South Africans in which morbidity and 

mortality from stroke are on the increase. Elevated blood pressure and haemostatic markers can 

induce changes in blood rheology and endothelial function which could result in a procoagulant 

state that increases the risk for cerebrovascular disease. Information about the coagulation and 

fibrinolytic systems of people from African descent are limited. We therefore, investigated the 

haemostatic profile and its relationships with blood pressure in black South Africans. 

Materials and methods: We measured ambulatory blood pressure and haemostatic markers of 

201 black and 208 white school teachers. The haemostatic markers included measurements 

representing coagulation and fibrinolysis (von Willebrand factor, fibrinogen, plasminogen activator 

inhibitor-1, fibrin D-dimer and clot lysis time).   

Results: Black participants displayed significantly higher blood pressure, von Willebrand factor, 

fibrinogen, plasminogen activator inhibitor-1 and D-dimer levels and a longer clot lysis times 

(p≤0.001). Single, partial and multiple regression analyses showed that systolic (p≤0.011) and 

diastolic blood pressure (p=0.010) correlated positively with D-dimer in black participants, while 

systolic (p≤0.001) and daytime diastolic blood pressure (p=0.011) correlated negatively with clot 

lysis time in white participants.   

Conclusion: The black population had a more prothrombotic profile, with higher levels of 

coagulation markers and inhibited fibrinolysis, than the white study participants. The positive 

association between blood pressure and elevated D-dimer in the blacks may contribute to the 

high prevalence of hypertension and related increased cardiovascular and cerebrovascular risk 

in this group. 

Key words: von Willebrand factor, fibrinogen, plasminogen activator inhibitor-1, fibrin D-dimer, 

clot lysis time, ethnicity.  
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2.2 Abbreviations 

ABPM  Ambulatory blood pressure monitor 

BMI  Body mass index 

CLT  Clot lysis time 

CRP   C-reactive protein 

DBP   Diastolic blood pressure 

EDTA  Ethylenediaminetetraacetic 

HbA1c  Glycosylated haemoglobin A1c 

HDL   High density lipoprotein cholesterol 

HIV   Human immunodeficiency virus 

LDL  Low density lipoprotein cholesterol 

PAI-1act Plasminogen activator inhibitor-1 activity 

PAI-1ag  Plasminogen activator inhibitor-1 antigen 

PP  Pulse pressure 

SBP  Systolic blood pressure 

TC  Total cholesterol 

TC:HDL Total cholesterol: high density lipoprotein cholesterol 

t-PA  tissue Plasminogen activator 

vWFag  von Willebrand factor antigen 
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2.3 Introduction 

Abnormalities in the coagulation and fibrinolytic systems such as hypercoagulation and 

hypofibrinolysis are associated with cardiovascular [1,2] and cerebrovascular disease [3,4]. 

Morbidity and mortality from cardiovascular [5] and cerebrovascular [6] diseases are rapidly 

increasing in the black population of South Africa, a group with a high prevalence of hypertension 

[7,8], that contributes, at least in part, to the low life expectancy of 52.6 years [9]. 

Available evidence from European populations suggests that elevated blood pressure is 

associated with high circulating levels of several coagulatory [10,11] and fibrinolytic markers 

[12,13], inducing changes in blood constituents, flow and endothelial function [14-16]. These 

studies did not include people from African descent or distinguish between ethnicities. Information 

on the haemostatic system markers and their associations with cardiovascular function in black 

South Africans is limited. Current evidence suggest that black populations may have altered levels 

of haemostatic proteins [17-19]  that could increase their cardiovascular and cerebrovascular risk.  

We therefore investigated the blood pressure and haemostatic profiles of black and white South 

Africans and determined associations between ambulatory blood pressure and components of 

the haemostatic system in these groups. 

2.4 Materials and methods 

2.4.1 Study population 

The Sympathetic activity and Ambulatory Blood Pressure in Africans (SABPA) study was a cross-

sectional study involving school teachers (n=409) between the ages of 25 – 60 years from the 

North West Province, South Africa. Participants consisted of 200 black (101 men and 99 women) 

and 209 white (101 men and 108 women) participants. Exclusion criteria were: elevated ear 

temperature, dependence or abuse of psychotropic substances, regular blood donors, or 

individuals vaccinated in the previous three months. Informed consent was obtained prior to the 

commencement of measurements. Each participant completed a lifestyle questionnaire, including 

questions on smoking and alcohol habits as well as chronic medication use. The study complied 
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with all applicable international regulations and the Helsinki declaration for investigation of human 

participants. The Ethics Review Board of the North-West University (Potchefstroom Campus) 

approved the study. 

2.4.2 Clinical Measurements 

A 24-hour ambulatory blood pressure (ABPM) and electrocardiogram apparatus (Meditech 

CE120® Cardiotens, Budapest, Hungary) was attached to the participants at their workplace. The 

device was programmed to measure blood pressure at 30 minute intervals during the day (08:00 

– 22:00) and every hour during the night (22:00 – 06:00). The electrocardiogram recorded 

measurements every 5 minutes for 20 seconds. The participants continued with their daily 

activities and were asked to record any abnormalities such as nausea, headache, physical activity 

and stress on their ambulatory diary cards. Each participant’s energy expenditure during the day 

was calculated with a validated accelerometer device (Actical accelerometers, Montréal, 

Québec). Participants reported to the Metabolic Research Unit of the North-West University at 

16:30 where they were informed of the procedures of the following day. They received a 

standardised meal at 18:00, and final snacks and drinks at 20:30, and were requested to go to 

bed at around 22:00. At 06:00, the ABPM apparatus was removed, and anthropometric 

measurements and blood sampling performed. The 24-hour blood pressure and 

electrocardiogram data were downloaded onto a database using the CardioVisions 1.9.0 

Personal Edition software (Meditech, Budapest, Hungary).  

2.4.3 Anthropometric Measurements 

All measurements were taken in triplicate with calibrated instruments. Stature was measured to 

the nearest 0.1 cm with a stadiometer (Invicta Stadiometer, IP 1465, London, UK), body mass to 

the nearest 0.1 kg (Precision Health Scale, A & D Company,Tokyo, Japan) and waist 

circumference to the nearest 0.1 cm with a unstretchable flexible 7 mm wide metal tape (Holtain, 

Crosswell, Wales) [20,21]. Body mass index (BMI) was calculated for each participant using the 

standard formula of weight / (height)2. 
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2.4.4 Biochemical Measurements 

A registered nurse collected blood samples with a sterile winged infusion set from the participants’ 

antebrachial vein branches before 10:00. Serum samples were used for the analysis of C-reactive 

protein (CRP) and lipids.  An ethylenediaminetetraacetic (EDTA) whole blood sample was used 

to analyse glycosylated haemoglobin A1c (HbA1c) and a sodium fluoride sample for fasting blood 

glucose determination. Citrated samples were used for the analysis of von Willebrand factor 

antigen (vWFag), fibrinogen, plasminogen activator inhibitor-1 antigen (PAI-1ag), fibrin D-dimer and 

clot lysis time (CLT). The EDTA, sodium fluoride and citrate samples were centrifuged at 2000 x 

g for 15 minutes and stored at -80˚C until analysis. vWFag levels were determined with a sandwich 

enzyme-linked immunosorbent assay (ELISA). Polyclonal rabbit anti-vWF antibody and rabbit 

anti-vWF-horseradish peroxidase antibody (DAKO, Glostrup, Denmark) were used to perform the 

assay. The 6th International Standard for vWF/FVIII was used to create the standard curve against 

which the samples were measured. Plasma fibrinogen levels were determined with a viscosity-

based clotting method using STAGO FIB kit (STAGO diagnostics, Asnières, France). The Liatest 

D-Dimer kit from STAGO was used to determine fibrin D-Dimer levels with an immuno-turbimetric 

method with a 540 nm detection limit. PAI-1ag levels were determined with the TriniLIZE PAI-1ag 

(Trinity Biotech, Bray, Ireland) kit using an ELISA. CLT was determined by studying the lysis of a 

tissue factor-induced clot by exogenous tissue-plasminogen activator (t-PA). Changes in turbidity 

during clot formation and lysis were monitored as described by Lisman et al. [22]. Tissue factor 

and t-PA concentrations were slightly modified to obtain comparable CLTs of about 60 minutes. 

The modified concentrations were 17 mmol/L CaCl, 60 ng/ml t-PA (Actilyse, Boehringer 

Ingelheim, Ingelheim, Germany) and 10 μmol/L phospholipids vesicles (Rossix, Mölndal, 

Sweden). Tissue factor was diluted 3000 times (Dade Innovin, Siemens Healthcare Diagnostics 

Inc., Marburg, Germany). CLT was defined as the time from the midpoint in the transition from 

the initial baseline to maximum turbidity, which is representative of clot formation, to the midpoint 

in the transition from maximum turbidity to the final baseline turbidity, which represents the lysis 

of the clot (supplementary Figure 1). The percentage of HbA1c was determined by means of the 

turbidimetric inhibition immunoassay using the Roche Integra 400 (Roche, Basil, Switzerland). 
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Fasting blood glucose, total cholesterol (TC), high density lipoprotein (HDL) cholesterol, high 

sensitivity CRP and gamma-glutamyltransferase were analysed with two sequential multiple 

analysers (Konelab 20i™, ThermoScientific, Vantaa, Finland; Unicel DXC 800, Beckman and 

Coulter, Munich, Germany) and low density lipoprotein (LDL) cholesterol was calculated by 

means of the Friedewald formula [LDL = TC - HDL - (0.45*triglycerides)]. Human 

immunodeficiency virus (HIV) status was determined directly after blood sampling with First 

Response (PMC Medical, India) rapid HIV tests according to the protocol of the National 

Department of Health of South Africa. The test was repeated with the Pareeshak (BHAT Bio-tech, 

India) card test to confirm the results. 

2.4.5 Statistical Analyses 

Statistica software v11.0 was used for database management and statistical analyses (Statsoft, 

Inc., 2011). Variables not normally distributed (Fibrin D-dimer, HbA1c, glucose, gamma-

glutamyltransferase and energy expenditure) were logarithmically transformed. The central 

tendency and spread of these variables were represented by the geometric mean and the 5th and 

95th percentile intervals. We tested for interaction with ethnicity for the association between 

systolic blood pressure and the haemostatic variables by using appropriate interaction terms in 

multiple regression analyses. Means and proportions were compared by a standard t-test and 

chi-square test, respectively. Analysis of covariance was used to determine mean values between 

groups. We used Pearson and partial correlations to determine associations between blood 

pressure and haemostatic markers, followed by multiple linear regression analyses. Significant 

covariates included in the multiple regression model were age, body mass index, gender, gamma-

glutamyltransferase, physical activity, HbA1c, TC:HDL, triglycerides and C-reactive protein. A 

Bonferonni adjustment of the significance level was performed for the multiple linear regression 

analyses to protect against an inflated type 1 error, resulting in a more stringent p-value of ≤0.017.  

All p-values refer to a two-sided hypothesis.  
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2.5 Results 

Table 1 lists the characteristics of the study population. Since significant interactions existed with 

ethnicity for the association between systolic blood pressure and the haemostatic variables (PAI-

1ag, p=0.002; fibrin D-dimer, p=0.006), our study population was divided into black and white 

groups. Although these groups were of similar age, the black participants were generally more 

obese (p<0.001) and had higher mean vWFag (p<0.001), fibrinogen (p<0.001), PAI-1ag (p<0.001) 

and fibrin D-dimer (p<0.001) concentrations as well as a longer CLT (p<0.001) than the white 

participants. However the mean levels of vWFag, fibrinogen, PAI-1ag and fibrin D-dimer were within 

their respective reference ranges [23]. 27.7% (fibrinogen), 17.6% (fibrin D-dimer), 20.2% (PAI-

1ag) and 31.9% (vWFag) black and 0.07% (Fibrinogen), 0.08% (fibrin D-dimer) and 19% (vWFag) 

white participants were not within the normal reference ranges. The black participants also had 

elevated ambulatory SBP (p<0.001), DBP (p<0.001) and PP (p=0.004) and 136 (68%) were 

hypertensive compared to the white participants of which 102 (49%) were hypertensive.  

After adjusting for age, gender and BMI (Table 2), no significant correlations were found between 

any of the ambulatory blood pressures and vWFag (p≥0.11), fibrinogen (p≥0.15) or PAI-1ag 

(p≥0.17). However in the black participants, positive correlations were found between all the 

ambulatory SBP (p≤0.034) as well as 24 hour and daytime DBP (p≤0.039) with fibrin D-dimer. In 

the white participants, we found negative correlations between all the ambulatory SBP (p≤0.041) 

measurements and pulse pressure (p=0.006) with CLT. 

The aforementioned correlations were robust in multiple regression analyses (Table 3) which 

included additional known cardiovascular risk factors as covariates. An additional association was 

found between daytime DBP and CLT (p=0.011) in the white group. No associations existed 

between blood pressure, vWFag and fibrinogen in either ethnic group.  
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Table 1: Characteristics of the study population 

  Black (n=200) White (n=209) p 

Women, n (%) 99 (49.5) 108 (51.6) 0.66 

Age, years 44.4 ± 8.1 45.0 ± 10.9 0.49 

Body mass index, kg/m2 30.1 ± 7.0 27.6 ± 5.9 <0.001 

Waist circumference, cm (men) 93.6 ± 15.5 101.5 ± 14.4 <0.001 

Waist circumference, cm (women) 93.6 ± 15.6 86.0 ± 13.3 <0.001 

Haemostatic markers      

von Willebrand factor, % 92.8 ± 24.7 63.1 ± 15.0 <0.001 

Fibrinogen, g/L 3.53 ± 0.89 3.07 ± 0.55 <0.001 

Plasminogen activator inhibitor-1, ng/ml 35.4 ± 9.7 21.7 ± 6.7 <0.001 

Fibrin D-dimer, μg/L 294 (80 – 1180) 209 (68 – 617) <0.001 

Clot lysis time, min 84.6 ± 18.8     75.3  ± 10.7 <0.001 

Biochemical measurements    

Total cholesterol, mmol/L 4.60 ± 1.19 5.54 ± 1.28 <0.001 

Total cholesterol: high density cholesterol 4.48 ± 2.05 4.99 ± 1.62 <0.001 

High density lipoprotein cholesterol, mmol/L 1.12 ± 0.35 1.20 ± 0.41 0.039 

Low  density lipoprotein cholesterol, mmol/L 2.83 ± 0.98 3.80 ± 1.09 <0.001 

Triglycerides, mmol/L 1.43 ± 1.27 1.20 ± 0.76 0.022 

Glycosylated haemoglobin A1c, %  5.87 (5.10  ̶  7.40) 5.47 (5.00  ̶  6.10) <0.001 

Glucose, mmol/L 5.26 (4.04  ̶  7.06) 5.61 (4.70  ̶  6.81) <0.001 

C-reactive protein, mg/L 4.29 (1.76 – 31.05) 2.03 (1.01 – 8.99) <0.001 

Cardiovascular measurements      

24-hour Systolic blood pressure, mmHg 132.6 ± 15.2 123.7 ± 11.2 <0.001 

24-hour Diastolic blood pressure, mmHg 83.1 ± 10.1 76.4 ± 7.5 <0.001 

24-hour Pulse pressure, mmHg 49.5 ± 8.6 47.2 ± 6.9 0.004 

Daytime systolic blood pressure, mmHg 138.1 ± 15.0 129.1 ± 11.2 <0.001 

Daytime diastolic blood pressure, mmHg 88.8 ± 10.2 81.5 ± 8.5 <0.001 

Nighttime systolic blood pressure, mmHg 123.2 ± 15.9 113.0 ± 12.1 <0.001 

Nighttime diastolic blood pressure, mmHg 74.0 ± 11.6 66.3 ± 7.7 <0.001 

Lifestyle      

Physical activity, kcal/day 2564 (1614 – 4022) 2884 (1905 – 4365) <0.001 

Gamma-glutamyltransferase, U/L 43.6 (20.0  ̶  154.7) 17.4 (7.0   ̶ 74.0) <0.001 

Current smoking, n (%) 34 (17.0) 29 (13.9) 0.39 

HIV infected, n (%) 19 (9.5) 0 (0.0) <0.001 

Intake of medications      

Anti-hypertensive medication, n (%) 43 (21.5) 18 (8.6) <0.001 

Anti-coagulant medication:      

Warfarin / Heparin, n (%) 2 (1.0) 0 (0.0) 0.15 

Aspirin, n (%) 4 (2.0) 12 (5.7) 0.058 

Values are arithmetic mean ± SD, geometric mean (5th to 95th percentile interval), or number of subjects (%). 
Normal reference ranges: [23] 
von Willebrand factor, %: 75  ̶  125. 
Fibrinogen, g/L: 1.5 – 4.0. 
Plasminogen activator inhibitor-1, ng/ml: 4.0 – 43.0. 
Fibrin D-dimer, µg/L: 0 – 500. 
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Table 2: Adjusted correlations between ambulatory blood pressure and haemostatic markers. 

Black (n=191) 

  
von Willebrand 

factor, % 
Fibrinogen, g/L 

Plasminogen 
activator 

inhibitor-1, ng/ml 

Fibrin D-dimer, 
μg/L 

Clot lysis time, 
min 

24-hour SBP, mmHg r=0.065 p=0.38 r=-0.118 p=0.87 r=-0.044 p=0.54 r=0.157 p=0.034 r= 0.126 p=0.094 

24-hour DBP, mmHg r=0.003 p=0.97 r=-0.022 p=0.77 r=-0.065 p=0.37 r=0.154 p=0.039 r= 0.090 p=0.23 

24-hour PP, mmHg r=0.069 p=0.35 r=-0.020 p=0.79 r=-0.009 p=0.91 r=0.085 p=0.25 r= 0.083 p=0.27 

Daytime SBP, mmHg r=0.038 p=0.61 r=0.019 p=0.80 r=-0.016 p=0.82 r=0.160 p=0.031 r= 0.132 p=0.079 

Daytime DBP, mmHg r=-0.015 p=0.84 r=-0.015 p=0.84 r=-0.065 p=0.37 r=0.154 p=0.039 r= 0.071 p=0.34 

Nighttime SBP, mmHg r=0.117 p=0.11 r=-0.042 p=0.57 r=-0.101 p=0.17 r=0.172 p=0.021 r= -0.008 p=0.92 

Nighttime DBP, mmHg r=0.032 p=0.66 r=-0.065 p=0.38 r=-0.081 p=0.26 r=-0.117 p=0.12 r= 0.024 p=0.75 

White (n=207) 

24-hour SBP, mmHg r=-0.021 p=0.76 r=-0.049 p=0.48 r=0.011 p=0.86 r=0.039 p=0.58 r=-0.163 p=0.024 

24-hour DBP, mmHg r=-0.073 p=0.30 r=-0.017 p=0.81 r=-0.030 p=0.67 r=0.075 p=0.30 r=-0.030 p=0.68 

24-hour PP, mmHg r=0.029 p=0.68 r=-0.100 p=0.15 r=0.052 p=0.46 r=-0.017 p=0.81 r=-0.198 p=0.006 

Daytime SBP, mmHg r=-0.084 p=0.24 r=-0.074 p=0.29 r=0.053 p=0.45 r=0.004 p=0.96 r=-0.154 p=0.032 

Daytime DBP, mmHg r=-0.104 p=0.14 r=-0.024 p=0.73 r=0.020 p=0.78 r=0.050 p=0.49 r=-0.042 p=0.57 

Nighttime SBP, mmHg r=0.081 p=0.25 r=-0.003 p=0.96 r=-0.025 p=0.72 r=0.086 p=0.23 r=-0.147 p=0.041 

Nighttime DBP, mmHg r=0.053 p=0.46 r=0.023 p=0.75 r=-0.092 p=0.19 r=0.092 p=0.20 r=-0.034 p=0.64 

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure. 
Adjusted for age, gender and body mass index.  

 

2.5.1 Sensitivity analyses 

Since PAI-1 levels may influence CLT [24], we repeated the multiple regression analyses for CLT 

by additionally adding PAI-1ag to the models. After doing so, the results remained unchanged. 

The multiple regression analyses were also repeated to determine if antihypertensive and 

anticoagulation usage influenced the associations. By doing so, the results remained largely 

unchanged except that associations with DBP disappeared (supplementary Table 1).   
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Table 3: Multiple regression analyses of blood pressure with haemostatic markers. 

Black (n=191) 

  Plasminogen activator inhibitor-1, ng/ml Fibrin D-Dimer, μg/L Clot lysis time, min 

Dependent variable Total R2 β (95% CI) P Total R2 β (95% CI) p Total R2 β (95% CI) p 

24-hour SBP, mmHg  NS  0.309 0.180 (0.110 to 0.250) 0.011  NS  

24-hour DBP, mmHg  NS  0.334 0.178 (0.110 to 0.246) 0.010  NS  

24-hour PP, mmHg  NS   NS   NS  

Daytime SBP, mmHg  NS  0.310 0.180 (0.110 to 0.250) 0.010  NS  

Daytime DBP, mmHg  NS  0.319 0.179 (0.110 to 0.248) 0.010  NS  

Nighttime SBP, mmHg  NS  0.252 0.193 (0.121 to 0.265) 0.008  NS  

Nighttime DBP, mmHg  NS  0.265 0.149 (0.077 to 0.221) 0.040  NS  

White (n=207) 

24-hour SBP, mmHg  NS   NS  0.492 -0.333 (-0.409 to -0.257) <0.001 

24-hour DBP, mmHg  NS   NS  0.407 -0.196 (-0.278 to -0.114) 0.018 

24-hour PP, mmHg  NS   NS  0.269 -0.329 (-0.420 to -0.238) 0.004 

Daytime SBP, mmHg  NS   NS  0.472 -0.353 (-0.431 to -0.275) <0.001 

Daytime DBP, mmHg  NS   NS  0.374 -0.216 (-0.301 to -0.131) 0.011 

Nighttime SBP, mmHg  NS   NS  0.398 -0.257 (-0.340 to -0.174) <0.001 

Nighttime DBP, mmHg 0.304 -0.152 (0.013 to 0.291) 0.032  NS  0.303 -0.184 (-0.273 to -0.095) 0.040 

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure. 
Adjusted for age, body mass index, gender, gamma-glutamyltransferase, physical activity, glycosylated haemoglobin A1c, total cholesterol: high density lipoprotein ratio, 
triglycerides and C-reactive protein. P-values ≤0.017 were deemed significant. 
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2.6 Discussion 

We found that black South Africans displayed significantly elevated blood pressure, and higher 

fibrinogen, vWF, PAI-1 and D-dimer as well as a longer CLT than the white participants. The 

ambulatory blood pressures of the black participants were positively associated with D-dimer 

independent of known cardiovascular risk factors, suggesting that an activated haemostatic 

system may contribute to blood pressure elevation. In the white participants, the lower PAI-1 and 

faster CLT, coupled with the negative associations between ambulatory SBP and CLT suggest a 

higher fibrinolytic potential compared to the black participants.  

The higher fibrinogen and vWF in the black compared to white participants confirm previous 

findings [25-27] and together with the increased D-dimer levels, suggest that the black participants 

may have an increased thrombotic risk. Elevated PAI-1 influence the fibrinolytic system by 

inhibiting the lysis of a thrombus which generally results in a longer CLT [28]. The raised PAI-1ag 

in the black participants contradicts previous studies which reported that blacks tend to have lower 

PAI-1 compared to whites [27,29]. It is important to note that these studies reported PAI-1 activity 

(PAI-1act) instead of PAI-1ag levels. However, other investigators reporting both PAI-1ag and PAI-

1act levels found strong correlations between the two assays in Europeans [30,31].  

D-dimer is a degradation product of cross-linked fibrin and serves as an indicator of both 

coagulation- and fibrinolysis activation [32]. Previous investigators reported that elevated D-dimer 

is associated with an increased risk of cardiovascular events [33]. It has been suggested that 

even moderately elevated levels of D-dimer may reflect increases in thrombin formation and fibrin 

turnover [34] and that D-dimer may exert an effect on the endothelial cells that promote the 

development of oxidative stress [35]. Augmented oxidative stress may impair vascular tone by 

decreasing nitric oxide bioavailability, impairing vasodilation and increasing blood pressure 

[36,37]. Therefore, the differences in mean levels and the positive associations observed between 

ambulatory blood pressure and D-dimer suggests that a prothrombotic state exist that may 

contribute to blood pressure elevation in the black participants. This may significantly increase 
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the cardiovascular risk of the black participants. Indeed several investigators [38-40] found that a 

procoagulatory state was associated with increased risk for coronary and cerebrovascular events. 

In the white participants we found negative associations between ambulatory blood pressure and 

CLT’s and a shorter CLT’s were observed in individuals with higher blood pressure. This finding 

is in contrast with previous findings that reported a strong positive association between elevated 

blood pressure and CLT [41]. CLT is an indicator of fibrinolytic potential that is amongst others, 

influenced by the release of t-PA and PAI-1 from the surrounding endothelial cells [42,43].  t-PA 

is responsible for the activation of plasminogen into plasmin that results in the lysis of fibrin into 

fibrin degradation products and is released from the endothelial cells at a steady rate [44]. 

However, changes in blood constituents and flow as well as endothelial dysfunction may result in 

an increased release of t-PA and PAI-1 from the endothelial cells [15,45,46]. During conditions 

such as uncontrolled hypertension, t-PA release from the intracellular storage pools may be 

depleted and subsequently PAI-1 secretion may overtake t-PA production, impairing the 

fibrinolytic pathway that results in a longer CLT as well as the formation of a fibrin clot that is more 

resilient to lysis [47-49]. However, in our white participants of whom 51% were normotensive, the 

release of t-PA from the endothelial cells in response to changes in blood rheology and or 

endothelial damage might still be effective and therefore, the fibrin clot is rapidly lysed which 

results in a shorter CLT [43]. However, this is highly speculative and needs to be investigated 

further with special focus on the concentration of the exogenously added t-PA used in the CLT 

assay which may influence the results. Additional investigation into clot structure properties and 

other markers of the haemostatic system of this population group is therefore needed. 

The present study should be interpreted within the context of its limitations and strengths. 

Although we attempted to determine a range of haemostatic markers representing the coagulation 

and fibrinolysis pathways, various markers were not measured such as prothrombin fragment 1 

and 2, thrombin-activator fibrinolysis inhibitor, t-PA activity and PAI-1act. Although the results were 

consistent after multiple adjustments, residual confounding cannot be excluded. Causality cannot 

be inferred, due to the cross-sectional nature of this study. Our subject group was recruited from 
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urban areas in the Potchefstroom district of the North West Province and cannot be seen as 

representative of the entire South African population. This was a well-designed study under 

controlled conditions in two ethnic and socio-economic homogeneous groups. 

We conclude that in black South Africans, a less favourable cardiovascular, coagulation and 

fibrinolytic profile was observed when compared to white South Africans. The associations 

between blood pressure and D-dimer suggest that the prothrombotic state of this group may 

contribute, at least in part, to the high prevalence of hypertension and related cardiovascular and 

cerebrovascular risk in the black population.  
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Table S1: Multiple regression analyses of blood pressure with haemostatic markers. 

Black (n=153) 

  Plasminogen activator inhibitor-1, ng/ml Fibrin D-Dimer, μg/L Clot lysis time, min 

Dependent variable Total R2 β (95% CI) p Total R2 β (95% CI) p Total R2 β (95% CI) p 

24-hour SBP, mmHg  NS  0.305 0.217 (0.080 to 0.354) 0.002  NS  

24-hour DBP, mmHg  NS  0.326 0.208 (0.071 to 0.345) 0.003  NS  

24-hour PP, mmHg  NS   NS   NS  

Daytime SBP, mmHg  NS  0.308 0.213 (0.076 to 0.350) 0.003  NS  

Daytime DBP, mmHg  NS  0.307 0.204 (0.067 to 0.341) 0.004  NS  

Nighttime SBP, mmHg  NS  0.247 0.188 (0.043 to 0.333) 0.011  NS  

Nighttime DBP, mmHg  NS  0.248 0.181 (0.038 to 0.254) 0.015  NS  

White (n=190) 

24-hour SBP, mmHg  NS   NS  0.496 -0.182 (-0.339 to -0.025) 0.024 

24-hour DBP, mmHg  NS   NS   NS  

24-hour PP, mmHg  NS   NS  0.264 -0.223 (-0.413 to -0.033) 0.023 

Daytime SBP, mmHg  NS   NS  0.464 -0.225 (-0.388 to -0.062) 0.007 

Daytime DBP, mmHg  NS   NS  0.404 -0.154 (-0.241 to 0.017) 0.078 

Nighttime SBP, mmHg  NS   NS  0.445 -0.341 (-0.506 to -0.176) <0.001 

Nighttime DBP, mmHg  NS   NS   NS  

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure. 
Adjusted for age, body mass index, gender, gamma-glutamyltransferase, physical activity, glycosylated haemoglobin A1c, total cholesterol: high density lipoprotein ratio, 
triglycerides, C-reactive protein, antihypertension and anticoagulation medication. P-values of ≤0.017 were deemed significant. 
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Figure S1: Variables calculated from Turbidity Curves. The clot lysis time measurements were 

obtained from turbidity curves of fibrin polymerisation triggered by the addition of tissue factor to 

plasma for clot formation and t-PA for subsequent lysis. Clot lysis time was calculated as the time 

from the midpoint (----) in the transition from the initial baseline to maximum absorbance to the 

midpoint (----) in the transition from maximum absorbance to the final baseline absorbance. 
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3.1 Abstract  

Haemostatic- and oxidative stress markers are associated with increased cardiovascular risk. In 

the black population, evidence exists that both an imbalance in the haemostatic system and 

oxidative stress link with the development of hypertension. However, it is unclear whether these 

two risk components function independently or are related, specifically in the black population, 

who is known to have a high prevalence of stroke. We aimed to investigate associations between 

the haemostatic system and oxidative stress in black and white South Africans. We performed a 

cross-sectional study including 181 black (mean age, 44; 51.4% women) and 209 white (mean 

age, 45; 51.7% women) teachers. Several markers of the haemostatic- (von Willebrand factor, 

fibrinogen, plasminogen activator inhibitor-1, D-dimer and clot lysis time) and oxidant-antioxidant 

(serum peroxides, total glutathione, glutathione peroxidase- and glutathione reductase activities) 

systems were measured. Along with a worsened cardiovascular profile, the black group had 

higher haemostatic-, inflammation- and oxidative stress markers as well as decreased glutathione 

peroxidase activity. In multiple regression analyses, fibrinogen was positively associated with 

serum peroxides (p<0.001) in both ethnic groups. In the black population, we found negative 

associations of von Willebrand factor and clot lysis time with glutathione peroxidase activity 

(p≤0.008), while a positive association existed between clot lysis time and serum peroxides 

(p=0.011) in the white population. We conclude that in the black population, decreased GPx 

activity accompanies an altered haemostatic profile, while in the white population associations 

may suggest that serum peroxides impair fibrin clot lysis. 

Keywords: antioxidant capacity, hydrogen peroxide, glutathione peroxidase, fibrinogen, 

cardiovascular.  



91 
 

3.2 Introduction 

Cardiovascular disease is increasing in South Africa, especially in the black population who has 

a high prevalence of hypertension and stroke (1-3). Cardiovascular disease development is 

associated with a thrombotic component initiated at least in part by underlying endothelial 

dysfunction (4). An imbalance between the oxidative/anti-oxidant system in favour of oxidative 

stress as reflected by elevated reactive oxygen species (ROS) (5-7) and/or a decreased 

antioxidant capacity (8,9) can influence the haemostatic balance either directly or indirectly 

towards a procoagulant state. Glutathione peroxidase (GPx) utilises glutathione (GSH) to 

metabolise hydrogen peroxides to water and in doing so, results in the formation of glutathione 

disulphide (GSSG). GSSG in turn is reduced back to GSH by glutathione reductase (GR) (10). 

GPx and GR are therefore crucial enzymes in the regulation of the glutathione/glutathione 

disulphide system and are important in the protection of the vascular wall (11,12). Both animal 

and human studies have shown that a compromised antioxidant capacity, as reflected by 

decreased GPx activity, predisposes an increased cardiovascular and thrombotic risk (8,13,14). 

Ethnic differences in the functioning of the haemostatic system and oxidative stress seems to 

exist in blacks with higher thrombotic- (von Willebrand factor (vWF) (15), fibrinogen (16,17) and 

D-dimer (18), but lower plasminogen activator inhibitor-1 (PAI-1) (19)) and oxidative stress 

markers as compared to whites (20). This has been associated with the development and 

progression of cardiovascular disease (7,21-23). Evidence in the black population is limited, 

however associations of ROS (24) and D-dimer (25) with blood pressure have been reported. It 

is still unknown whether associations exist between components of the haemostatic system and 

oxidative stress in this population group and if these associations are comparable to what has 

been observed in whites (8,13,26).  

We therefore investigated whether associations exist between components of the haemostatic 

system and oxidative stress, and if these associations differ between black and white populations 

in South Africa.     
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3.3 Materials and methods 

3.3.1 Study population 

The Sympathetic activity and Ambulatory Blood Pressure in Africans (SABPA) study was a cross-

sectional study that was performed during 2008 and 2009, involving school teachers (n=409) 

between the ages of 25 – 60 years from the North West Province, South Africa. Participants 

consisted of 200 black (101 men and 99 women) and 209 white (101 men and 108 women) 

participants. Exclusion criteria were an elevated ear temperature, dependence or abuse of 

psychotropic substances, regular blood donors, or individuals vaccinated in the previous three 

months. For this sub-study, 19 participants were excluded due to human immunodeficiency virus 

infection. Written informed consent was obtained prior to the commencement of measurements. 

The study complied with all applicable international regulations and the Helsinki declaration for 

investigation of human participants. The Ethics Review Board of the North-West University 

(Potchefstroom Campus) approved the study. Each participant completed a lifestyle 

questionnaire, including questions about their cardiovascular health history, smoking and alcohol 

habits as well as chronic medication use. 

3.3.2 Clinical measurements 

A 24-hour ambulatory blood pressure (ABPM) and electrocardiogram apparatus (Meditech 

CE120® Cardiotens, Budapest, Hungary) was attached to the participants at their workplace.  

Each participant’s energy expenditure during the day was calculated with a validated 

accelerometer device (Actical accelerometers, Montréal, Québec). Participants reported to the 

Metabolic Research Unit of the North-West University at 16:30 where they were informed of the 

procedures of the following day. They received a standardised meal at 18:00, and final snacks 

and drinks at 20:30, and were requested to go to bed at around 22:00. At 06:00, the ABPM 

apparatus was removed, followed by anthropometric measurements and blood sampling. The 24-

hour blood pressure and electrocardiogram data were downloaded onto a database using the 

CardioVisions 1.9.0 Personal Edition software (Meditech, Budapest, Hungary).  
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3.3.3 Anthropometric measurements 

All measurements were taken in triplicate with calibrated instruments. Stature was measured to 

the nearest 0.1 cm with a stadiometer (Invicta Stadiometer, IP 1465, London, UK), body mass to 

the nearest 0.1 kg (Precision Health Scale, A & D Company,Tokyo, Japan) and waist 

circumference to the nearest 0.1 cm with a unstretchable flexible 7 mm wide metal tape (Holtain, 

Crosswell, Wales) (27,28). Body mass index (BMI) was calculated for each participant using the 

standard formula of weight/(height)2. 

3.3.4 Blood sampling 

A registered nurse collected fasting blood samples with a sterile winged infusion set from the 

participants’ antebrachial vein branches before 10:00 in the morning. The blood samples were 

centrifuged at 2000 x g for 15 minutes to obtain serum, sodium fluoride and citrate plasma 

samples. All samples were stored at -80˚C until analysis.  

3.3.5 Biochemical analyses 

High sensitivity C-reactive protein (hs-CRP), total cholesterol (TC), high density lipoprotein (HDL-

C) cholesterol, low density lipoprotein (LDL-C), gamma-glutamyltransferase (γ-GT), glycosylated 

haemoglobin A1c (HbA1c) and fasting glucose were determined with methods described 

elsewhere [25]. A Quantikine high sensitivity enzyme-linked immunosorbent assay from R&D 

Systems (R&D Systems, Minneapolis, MN, USA) was used to determine Interleukin-6 (IL-6) from 

serum. 

Citrated plasma samples were used for the analysis of von Willebrand factor antigen (vWFag), 

fibrinogen, plasminogen activator inhibitor-1 antigen (PAI-1ag), fibrin D-dimer and clot lysis time 

(CLT). vWFag levels were determined with a sandwich enzyme-linked immunosorbent assay. 

Polyclonal rabbit anti-vWF antibody and rabbit anti-vWF-horseradish peroxidase antibody 

(DAKO, Glostrup, Denmark) were used to perform the assay. The 6th International Standard for 

vWF/FVIII was used to create the standard curve against which the samples were measured. 

Plasma fibrinogen levels were determined by means of a modified Clauss method using the FIB 



94 
 

kit from STAGO diagnostics (STAGO diagnostics, Asnières, France). The Liatest D-dimer kit from 

STAGO diagnostics (STAGO diagnostics, Asnières, France) was used to determine fibrin D-dimer 

levels with an immuno-turbimetric method with a 540 nm detection limit. PAI-1ag levels were 

determined with the TriniLIZE PAI-1ag (Trinity Biotech, Bray, Ireland) kit using an enzyme-linked 

immunosorbent assay. CLT was determined by studying the lysis of a tissue factor-induced clot 

by exogenous tissue-plasminogen activator. Changes in turbidity during clot formation and lysis 

were monitored as described by Lisman et al. (29). Tissue factor and tissue plasminogen activator 

concentrations were slightly modified to obtain comparable CLTs of about 60 minutes. The 

modified concentrations were 17 mmol/L calcium chloride, 60 ng/ml tissue plasminogen activator 

(Actilyse, Boehringer Ingelheim, Ingelheim, Germany) and 10 μmol/L phospholipids vesicles 

(Rossix, Mölndal, Sweden). Tissue factor was diluted 3000 times (Dade Innovin, Siemens 

Healthcare Diagnostics Inc., Marburg, Germany). CLT was defined as the time from the midpoint 

in the transition from the initial baseline to maximum turbidity, which is representative of clot 

formation, to the midpoint in the transition from maximum turbidity to the final baseline turbidity, 

which represents the lysis of the clot. 

The method described by Hayashi et al. (30) was used to determine one of the measurable ROS 

species, namely total peroxides that includes hydrogen peroxides and lipid peroxides, in serum 

samples. In this assay 1.0 mg/L hydrogen peroxide represents one unit of ROS. Total glutathione 

(GSH) were determined on ethylenediaminetetraacetic whole blood sample with the 

BIOXYTECH® GSH/GSSG-412TM kit supplied by OxisResearchTM, a division of OXIS Health 

Products Inc., (Foster City, CA). Glutathione peroxidase (GPx) and glutathione reductase (GR) 

were measured with kits from Cayman Chemical Company (Cayman Chemical Company, Ann 

Arbor, MI, USA) on ethylenediaminetetraacetic plasma samples. ROS, GSH, GPx and GR were 

measured with the Bio-Tek Synergy HT microplate reader (Bio-Tek, Instruments., Inc., Highland 

Park, Winooski, USA).  
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3.3.6 Statistical analyses 

Statistica software v12.0 was used for database management and statistical analyses (Statsoft, 

Inc., Tulsa, OK, 2012). Variables not normally distributed (fibrin D-dimer, hs-CRP, HbA1c, 

glucose, γ-GT, and energy expenditure) were logarithmically transformed. The central tendency 

and spread of these variables were represented by the geometric mean and the 5th and 95th 

percentile intervals. We tested for interaction with ethnicity by investigating associations between 

haemostatic markers and markers of oxidative stress with multiple regression analyses 

(supplementary Table S1). Results found served as motivation for ethnic split. Means and 

proportions were compared by an independent t-test and chi-square test, respectively. We used 

partial correlations to determine associations between oxidative and haemostatic markers, 

followed by forward stepwise multiple linear regression analyses. Covariates included in the 

models were age, body mass index, gender, γ-GT, current smoking, physical activity, HbA1c, 

TC:HDL-C, 24-hour systolic blood pressure and contraception usage. Sensitivity analyses were 

performed to test for the influence of inflammation by adding hs-CRP and IL-6 separately into the 

regression models. All p-values refer to a two-sided hypothesis. 

3.4 Results 

The general characteristics of the study population are listed in Table 1. Although the groups were 

of similar age, the black participants were generally more obese (p<0.001), had higher mean 

systolic and diastolic (p<0.001) blood pressures as well as an increased inflammatory state 

(p<0.001) compared to their white counterparts. The black participants also had a more 

detrimental haemostatic profile with higher vWFag, fibrinogen, PAI-1ag, fibrin D-dimer levels and a 

longer CLT (p<0.001), as well as a mixed oxidant-antioxidant profile with higher serum peroxides 

(p=0.012) and lower GPx activity (p<0.001), while their total GSH levels (p<0.001) and GR activity 

(p<0.001) were higher. 
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Table 1: Characteristics of the study population 

  Black (n=181) White (n=209) P 

Women, n (%) 93 (51.4) 108 (51.7) 0.95 

Age, years 44.4 ± 8.3 45.0 ± 10.9 0.52 

Body mass index, kg/m2 30.3 ± 7.1 27.6 ± 5.9 <0.001 

Waist circumference, cm (men) 93.6 ± 15.8 101.5 ± 14.4 <0.001 

Waist circumference, cm (women) 93.9 ± 15.8 85.0 ± 13.3 <0.001 

Haemostatic markers      

von Willebrand factor, % 92.2 ± 24.7 63.1 ± 15.0 <0.001 

Fibrinogen, g/L 3.58 ± 0.89 3.07 ± 0.55 <0.001 

Plasminogen activator inhibitor-1, ng/ml 35.2 ± 9.6 21.6 ± 6.5 <0.001 

Fibrin D-dimer, μg/L 295 (80 – 1175) 208 (68 – 610) <0.001 

Clot lysis time, min 84.2 ± 18.0     75.3  ± 10.7 <0.001 

Oxidative stress markers    

Reactive oxygen species, mg/L 93.8 ± 24.6         87.8 ± 21.9 0.012 

Glutathione, µM 904.0 ± 183.4       823.9 ± 134.0 <0.001 

Glutathione peroxidase, nmol/min/ml 32.2 ± 12.3         36.0 ± 7.62 <0.001 

Glutathione reductase, nmol/min/ml 7.60 ± 3.46         3.59 ± 2.08 <0.001 

Biochemical measurements    

C-reactive protein, mg/L 4.48 (0.65 – 31.70) 2.03 (0.99 – 8.99) <0.001 

Interleukin-6, pg/ml 1.25 ± 0.69 0.98 ± 0.56 <0.001 

Total cholesterol, mmol/L 4.65 ± 1.20 5.54 ± 1.28 <0.001 

Total cholesterol: high density cholesterol 4.44 ± 2.10 4.99 ± 1.62 0.003 

High density lipoprotein cholesterol, mmol/L 1.15 ± 0.35 1.20 ± 0.41 0.15 

Low density lipoprotein cholesterol, mmol/L 2.87 ± 1.00 3.80 ± 1.09 <0.001 

Triglycerides, mmol/L 1.41 ± 1.31 1.20 ± 0.76 0.042 

Glycosylated hemoglobin A1c, %  5.92 (5.11 – 7.40) 5.47 (5.00 – 6.10) <0.001 

Glucose, mmol/L 5.27 (3.93 – 7.18) 5.61 (4.70 – 6.81) <0.001 

Gamma-glutamyltransferase, U/L 45.3 (20.0  ̶  154.5) 19.0 (7.0  ̶  74.0) <0.001 

Cardiovascular measurements      

24-hour Systolic blood pressure, mmHg 132.4 ± 15.4 123.5 ± 10.7 <0.001 

24-hour Diastolic blood pressure, mmHg 82.8 ± 10.3 76.4 ± 7.5 <0.001 

24-hour Pulse pressure, mmHg 49.6 ± 8.7 47.3 ± 7.0 0.003 

Lifestyle      

Physical activity, kcal/day 2564 (1702 – 4018) 2910 (1914 – 4405) <0.001 

Current smoking, n (%) 29 (16.0) 29 (13.9) 0.57 

Intake of medications      

Anti-hypertensive medication, n (%) 40 (22.1) 18 (8.6) <0.001 

Anti-coagulant medication, n (%) 2 (1.1) 0 (0) 0.13 

Contraception, n (%) 17 (9.4) 7 (3.4) 0.013 

Values are arithmetic mean ± SD, geometric mean (5th to 95th percentile interval), or number of subjects (%). 
Normal reference ranges: (46) 
von Willebrand factor, %: 75  ̶  125. 
Fibrinogen, g/L: 1.5 – 4.0. 
Plasminogen activator inhibitor-1, ng/ml: 4.0 – 43.0. 
Fibrin D-dimer, µg/L: 0 – 500. 
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3.4.1 Associations of the haemostatic markers with peroxides and GPx activity.  

In partial regression analyses (adjusted for age, gender and BMI; Table 2), a positive association 

was found between fibrinogen and serum peroxides (p<0.001) in both ethnic groups. In the black 

population, higher vWFag and longer CLT were associated with lower GPx activity (p<0.001 and 

p=0.030). No associations were found between the haemostatic components and GPx activity in 

the white population.  

 
After full adjustment (age, gender, body mass index, current smoking, γ-GT, physical activity, 

HbA1c, TC:HDL, 24-hour SBP and contraception usage; Table 3) in multiple regression analyses, 

the association between fibrinogen and serum peroxides (p<0.001) remained in both ethnic 

groups, as well as the negative associations of vWFag and CLT with GPx activity (p≤0.008) in the 

black population. We found additional associations between vWFag and serum peroxides 

(p=0.021) in the black population and CLT with serum peroxides (p=0.011) in the white population. 

3.4.2 Associations of haemostatic markers with the glutathione/glutathione disulphide 

system. 

In partial regression analyses (Table 2), vWFag, PAI-1ag and CLT were negatively associated with 

total GSH (p≤0.012) and positively associated with GR activity (p≤0.030) in the black population. 

Table 2: Partial regression analyses between the haemostatic markers and markers of oxidative stress 

 
vWF, % 

Fibrinogen, 
g/L 

PAI-1, ng/ml D-dimer, μg/L CLT, min 

Black (n=175) 

ROS, mg/L r=0.14; p=0.078 r=0.27; p<0.001 r=-0.06; p=0.45 r=0.11; p=0.16 r=0.04; p=0.61 

GSH, µM r=-0.22; p=0.007 r=-0.06; p=0.46 r=-0.22; p=0.006 r=-0.01; p=0.87 r=-0.20; p=0.012 

GPx, nmol/min/ml r=-0.26; p<0.001 r=0.02; p=0.86 r=-0.08; p=0.30 r=-0.04; p=0.60 r=-0.18; p=0.030 

GR, nmol/min/ml r=0.17; p=0.030 r=0.05; p=0.57 r=0.19; p=0.014 r=-0.04; p=0.65 r=0.23; p=0.004 

White (n=206) 

ROS, mg/L r=0.08; p=0.27 r=0.33; p<0.001 r=0.02; p=0.77 r=0.08; p=0.30 r=0.12; p=0.097 

GSH, µM r=-0.04; p=0.63 r=0.04; p=0.54 r=0.00; p=0.98 r=-0.09; p=0.20 r=-0.08; p=0.28 

GPx, nmol/min/ml r=0.07; p=0.30 r=0.03; p=0.64 r=-0.02; p=0.81 r=0.04; p=0.54 r=0.02; p=0.84 

GR, nmol/min/ml r=0.14; p=0.050 r=0.03; p=0.65 r=0.07; p=0.35 r=0.16; p=0.025 r=0.07; p=0.34 

Abbreviations: vWF, von Willebrand factor; PAI-1, Plasminogen activator inhibitor-1; CLT, Clot lysis time; hs-CRP, C-
reactive protein; IL-6, Interleuken-6; ROS, Reactive oxygen species; GSH, Glutathione; GPx, Glutathione peroxidase; GR, 
Glutathione reductase. 
Adjusted for age, gender and body mass index. Bold values indicate statistical significance p<0.05 
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In the white population a positive association was found between vWFag and fibrin D-dimer, and 

GR activity (p≤0.050). 

After full adjustments (Table 3), the negative associations of vWFag and PAI-1 with total GSH 

(p≤0.002) and the positive associations of vWFag, PAI-1ag and CLT with GR activity (p≤0.030) 

remained in the black population, while only the association between vWFag and GR activity 

(p=0.006) remained in the white population.    

3.4.3 Sensitivity analyses 

Since oxidative stress is usually accompanied by a pro-inflammatory state, which may also 

influence haemostatic functioning, we additionally added hs-CRP (Table S2) and IL-6 (Table S3), 

separately to the models [31-33]. After adjusting for hs-CRP, both vWFag and fibrinogen were no 

longer significantly associated with serum peroxides, or vWFag with GR activity in the black 

population. After adjusting for IL-6, only vWFag was no longer associated with serum peroxides in 

the black population and GR activity in the white population. The positive associations of 

fibrinogen and CLT with ROS remained in the white population after adjusting for CRP and IL-6, 

respectively. 
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Table 3: Multiple regression analyses of haemostatic markers with oxidative stress markers 

Black (n=175) 

  von Willebrand factor, % Fibrinogen, g/L 
Plasminogen activator 

inhibitor-1, ng/ml 
Clot lysis time, min 

Independent 
variables 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Adj R2 Adj R2 Adj R2 Adj R2 

ROS, mg/L 
0.12 0.197                     

(0.032 to 0.362) 
0.021 

0.36 0.277                  
(0.128 to 0.426) 

<0.001 NS NS 
0.08 0.34 

GSH, µM 
0.13 -0.240                           

(-0.389 to -0.091) 
0.002 NS 

0.12 -0.246                          
(-0.397 to -0.095) 

<0.001 
0.38 -0.162                           

(-0.287 to 0.037) 
0.057 

0.08 0.08 0.36 

GPx, nmol/min/ml 
0.16 -0.260                           

(-0.405 to -0.115) 
<0.001 NS NS 

0.39 -0.177                           
(-0.302 to -0.052) 

0.008 
0.13 0.37 

GR, nmol/min/ml 
0.12 0.168                     

(0.017 to 0.319) 
0.030 NS 

0.12 0.215                    
(0.064 to 0.366) 

0.006 
0.39 0.176                        

(0.047 to 0.305) 
0.014 

0.09 0.08 0.37 

White (n=206) 

ROS, mg/L NS 
0.36 0.419                  

(0.301 to 0.537) 
<0.001 NS 

0.56 0.140                       
(0.034 to 0.246) 

0.011 
0.34 0.54 

GSH, µM NS NS NS NS 

GPx, nmol/min/ml NS NS NS NS 

GR, nmol/min/ml 
0.08 0.138                        

(0.003 to 0.273) 
0.006 NS NS NS 

0.06 

Abbreviations: ROS, reactive oxygen species; GSH, glutathione; GPx, glutathione peroxidase, GR, glutathione reductase. Adjusted for age, body mass index, gender, 
gamma-glutamyltransferase, current smoking, physical activity, glycosylated haemoglobin A1c, total cholesterol:high density lipoprotein ratio, 24-hour systolic blood pressure 
and contraception usage. 
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3.5 Discussion   

We investigated ethnic differences with respect to the associations between several components 

of the haemostatic and oxidant-antioxidant systems. The black population with elevated 

ambulatory blood pressure had increased serum peroxides and decreased GPx activity that was 

associated with several haemostatic components, suggesting that oxidative stress may alter their 

haemostatic profile. In the white population, the association between CLT and serum peroxide 

suggests that oxidative stress may impair the lysis of a fibrin clot. 

The link found between higher vWF and lower GPx activity in the black population confirms 

previous findings by Blann et al. (8), reporting lower GPx-1 activity and increased vWF levels in 

48 white hypercholesterolaemic patients with vascular disease. Furthermore, Blankenberg et al. 

(13) reported increased cardiovascular risk with low levels of GPx activity in 636 white patients 

with suspected coronary artery disease. We also found an association between a longer CLT and 

decreased GPx activity. Decreased GPx activity may therefore predispose the vascular 

endothelium to excess oxidative damage and aid in the development and progression of 

atherosclerosis (8). Impairment of both ROS metabolism and nitric oxide activation may impede 

platelet inhibitory mechanisms leading to increased platelet aggregation and ultimately a 

prothrombotic state. The decreased GPx levels of the black population could therefore be an 

indication of a decreased antioxidant capacity, while the associations between vWF, CLT and 

GPx suggest that diminished GPx activity levels are associated with a prothrombotic profile.  

Furthermore, vWF, PAI-1 and CLT were negatively associated with total GSH and positively with 

GR in the black population. Limited information is available on the relationship between the 

antioxidant markers and the components of the haemostatic markers. However, in agreement 

with our findings a previous study investigating relationships between vWF and reduced GSH in 

diabetic patients reported an inverse relationship between vWF and GSH (26). A study by Martina 

et al. (34) who evaluated the effect of GSH treatment on PAI-1 levels also reported an inverse 

relationship. Even though we used total GSH instead of reduced GSH it is possible that the total 

GSH levels of the black population could consist out of a decreased GSH/GSSG ratio. We could 
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argue that GR activity may be up-regulated in the black population in an attempt to restore the 

redox balance. However, this is highly speculative and needs to be confirmed. A previous study 

by Rybka et al. (35) who investigated the glutathione antioxidant defence system also reported 

that decreased GPx activity levels are accompanied by a concomitant increase in GR activity in 

patients with hypertension. When oxidative stress supersedes GPx availability, damage may 

occur to the surrounding cells which may at least in part, result in the release of several 

prothrombotic factors (36). The decreased GPx availability in the black population could alter their 

haemostatic profile and thereby their susceptibility to stroke. No associations were found between 

vWF and ROS, GSH or GPx in the white population, this could be due to the fact that their mean 

vWF levels were significantly lower than their black counterparts. 

The positive association initially found between fibrinogen and ROS in both ethnic groups 

disappeared in the black population after adjusting for hs-CRP (supplementary Table S2), while 

the initial associations remained after adjusting for IL-6 (Supplementary Table S3). Although 

several in vitro studies exist regarding the relationship between fibrinogen and oxidative stress 

(37,38), epidemiological data regarding the relationship is lacking. Fibrinogen and hs-CRP are 

both markers of the acute phase response and their dependence on each other in the black 

population suggests that the association between fibrinogen and ROS could be mediated through 

the acute phase response (39). Overall, the black population had a worsened cardiovascular 

profile that may contribute to increased low grade inflammation or vice versa. The more 

pronounced inflammatory state in the black population could possibly explain the influence of hs-

CRP on the fibrinogen and ROS relationship. Furthermore, fibrinogen is known to be highly 

susceptible to oxidative modifications which may affect changes in the formation and architecture 

of the fibrin network (38,40,41). However, controversy exists as to whether oxidised fibrinogen 

induces a prothrombotic (42,43) or antithrombotic (37,44) state. The positive association between 

CLT and ROS in the white population may serve as an indicator that oxidative stress influenced 

the architecture of the fibrin clot in such a manner that lysis occurs at a slower rate. Evidence 

from in vitro studies (42,45) suggests that oxidised fibrinogen may promote fibrin clot formation 

with increased fiber density, decreased fiber diameter and pore size that is lysed at a slower rate. 
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It is unclear why this association was not found in the black population who had higher levels of 

haemostatic-, oxidative stress and inflammatory markers as well as a worsened cardiovascular 

profile. Further studies are needed to gain insight into the haemostatic markers and oxidative 

stress interactions in different ethnicities. 

The present study should be interpreted within the context of its limitations and strengths. 

Additional markers of oxidative stress such as superoxide dismutase and catalase could add 

valuable insight into the antioxidant capacity. Residual confounding cannot be excluded even 

though the results were consistent after multiple adjustments. Causality cannot be inferred, due 

to the cross-sectional nature of the study. Since our population group was only recruited from 

urban areas of the Potchefstroom district in the North West province of South Africa, our findings 

are not seen as representative of the entire South African population. Overall, this was a well-

designed study under controlled conditions in two different ethnic groups, with a relatively similar 

socio-economic status.  

We conclude that in the black population, decreased GPx activity accompanies an altered 

haemostatic profile, while in the white population associations may suggest that serum peroxides 

impair fibrin clot lysis. 
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Table S1: Interaction terms with ethnicity 

Total group (n=390) 

  ROS, mg/L GSH, µM GPx, nmol/min/ml GR, nmol/min/ml 

 
Tot R2 

β (95% CI) p 
Tot R2 

β (95% CI) p 
Tot R2 

β (95% CI) p 
Tot R2 

β (95% CI) p 
Adj R2 Adj R2 Adj R2 Adj R2 

vWF*Ethnicity 
0.38 0.485           

(0.136 to 0.834) 
0.007 

0.37 -0.471                   
(-0.932 to -0.010) 

0.045 
0.39 -0.693                   

(-1.005 to -0.381) 
<0.001 NS 

0.37 0.37 0.39 

Fibrinogen*Ethnicity NS 
0.13 -0.575                   

(-1.114 to -0.036) 
0.037 NS NS 

0.12 

PAI-1*Ethnicity NS NS NS NS 

D-dimer*Ethnicity 
0.11 0.419           

(0.029 to 0.867) 
0.037 NS NS 

0.08 -0.459                     
(-0.773 to -0.145) 

0.004 
0.10 0.07 

CLT*Ethnicity NS NS 
0.12 -0.523                   

(-0.905 to -0.141) 
0.008 NS 

0.11 

Abbreviations: ROS, reactive oxygen species; GSH, glutathione; GPx, Glutathione peroxidase, GR, glutathione reductase; vWF, von Willebrand factor; PAI-1, plasminogen activator 
inhibitor-1; CLT, clot lysis time. 
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Table S2: Multiple regression analyses of haemostatic markers with oxidative stress markers, after additional adjustment for high sensitivity C-reactive protein. 

Black (n=175) 

  von Willebrand factor, % Fibrinogen, g/L 
Plasminogen activator 

inhibitor-1, ng/ml 
Clot lysis time, min 

Independent 
variables 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Adj R2 Adj R2 Adj R2 Adj R2 

ROS, mg/L NS NS NS NS 

GSH, µM 
0.16 -0.195                           

(-0.344 to -0.046) 
0.012 NS 

0.13 -0.273                          
(-0.426 to -0.120) 

<0.001 
0.41 -0.156                           

(-0.289 to -0.023) 
0.022 

0.13 0.09 0.37 

GPx, nmol/min/ml 
0.13 -0.242                           

(-0.387 to -0.097) 
<0.001 NS NS 

0.42 -0.186                           
(-0.311 to -0.061) 

0.005 
0.12 0.38 

GR, nmol/min/ml NS NS 
0.13 0.241                    

(0.088 to 0.394) 
0.002 

0.41 0.198                        
(0.069 to 0.327) 

0.003 
0.09 0.38 

White (n=206) 

ROS, mg/L NS 
0.43 0.203                  

(0.050 to 0.356) 
0.010 NS 

0.56 0.140        
(0.032 to 0.246) 

0.011 
0.40 0.54 

GSH, µM NS NS NS NS 

GPx, nmol/min/ml NS NS NS NS 

GR, nmol/min/ml 
0.11 0.141                       

(0.008 to 0.274) 
0.041 NS NS NS 

0.08 

Abbreviations: ROS, reactive oxygen species; GSH, glutathione; GPx, Glutathione peroxidase, GR, glutathione reductase. Adjusted for age, body mass index, gender, gamma 
glutamyl transferase, current smoking, physical activity, glycosylated haemoglobin A1c, total cholesterol: high density lipoprotein ratio, high sensitivity C-reactive protein, 24-hour 
systolic blood pressure and contraception usage. 
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Table S3: Multiple regression analyses of haemostatic markers with oxidative stress markers, after additional adjustment for interleukin-6. 

Black (n=175) 

  von Willebrand factor, % Fibrinogen, g/L 
Plasminogen activator 

inhibitor-1, ng/ml 
Clot lysis time, min 

Independent 
variables 

Tot R2 
β (95% CI) P 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Adj R2 Adj R2 Adj R2 Adj R2 

ROS, mg/L NS 
0.40 0.248                  

(0.101 to 0.395) 
<0.001 NS NS 

0.38 

GSH, µM 
0.16 -0.214                           

(-0.363 to -0.065) 
0.005 NS 

0.12 -0.246                          
(-0.401 to -0.091) 

0.002 
0.43 -0.305                           

(-0.438 to -0.172) 
<0.001 

0.14 0.08 0.40 

GPx, nmol/min/ml 
0.19 -0.244                           

(-0.389 to -0.099) 
0.001 NS NS 

0.44 -0.189                           
(-0.312 to -0.066) 

0.003 
0.16 0.41 

GR, nmol/min/ml 
0.16 0.170                     

(0.023 to 0.317) 
0.025 NS 

0.13 0.237                    
(0.076 to 0.398) 

0.005 
0.43 0.165                        

(0.038 to 0.292) 
0.013 

0.13 0.06 0.40 

White (n=206) 

ROS, mg/L NS 
0.39 0.351                  

(0.208 to 0.494) 
<0.001 NS 

0.57 0.147          
 (0.037 to 0.257) 

0.010 
0.37 0.55 

GSH, µM NS NS NS NS 

GPx, nmol/min/ml NS NS NS NS 

GR, nmol/min/ml NS NS NS NS 

Abbreviations: ROS, reactive oxygen species; GSH, glutathione; GPx, Glutathione peroxidase, GR, glutathione reductase. Adjusted for age, body mass index, gender, gamma 
glutamyl transferase, current smoking, physical activity, glycosylated haemoglobin A1c, total cholesterol: high density lipoprotein ratio, Interleukin-6, 24-hour systolic blood pressure 
and contraception usage. 
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4.1 Abstract 

Objectives: Retinal arteriolar narrowing associates with hypertension development and indicates 

increased cardiovascular risk. Evidence on whether the retinal vessel calibres are related to the 

haemostatic system is limited, especially in the black hypertension-prone population with a high 

stroke incidence. We therefore investigated the relationships between haemostatic markers and 

retinal vessel calibres. 

Methods: We performed a cross-sectional study involving 170 black (mean age, 58 years; 44% 

women) and 189 white (mean age, 49 years; 52% women) teachers, and determined ambulatory 

blood pressure, haemostatic factors (fibrinogen, von Willebrand factor, D-dimer, plasminogen 

activator inhibitor-1 and clot lysis time) and retinal vessel calibres (central retinal artery and vein 

equivalent). The black and white groups were stratified by median split of the retinal arteriolar 

calibre. 

Results: Both ethnic groups with a smaller arteriolar calibre had higher systolic blood pressure 

and narrower venular calibres. In the black population the central retinal vein equivalent was 

positively (β=0.293; p=0.024) associated with fibrinogen, whereas in the white population the 

central retinal artery equivalent (β=-0.256; p=0.016) was negatively, and central retinal vein 

equivalent (β=0.234; p=0.021) positively associated with von Willebrand factor. Furthermore, clot 

lysis time was negatively associated with the central retinal artery equivalent (β=-0.390; p=0.014) 

in the black group and positively associated with the central retinal vein equivalent (β=0.275; 

p=0.008) in the white group.  

Conclusion: Relationships between markers of haemostasis and the retinal vessel calibres exist 

and vary between ethnicities. Haemostatic alterations are linked to early retinal microvascular 

changes, and future studies should investigate whether it translates into elevated stroke risk. 

Keywords: Arteriolar narrowing, von Willebrand factor, fibrinogen, hypertension, ethnicity 
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4.2 Abbreviations 

ABPM  Ambulatory blood pressure monitoring 

ARIC  Atherosclerosis Risk In Communities study 

AVR  Arteriolar-to-venular ratio 

CLT  Clot lysis time 

CRAE  Central retinal artery equivalent 

CRP  C-reactive protein 

CRVE  Central retinal vein equivalent 

CVD  Cardiovascular disease  

HbA1c  Glycosylated haemoglobin A1c 

HDL-C  High density lipoprotein cholesterol 

LDL-C  Low density lipoprotein cholesterol 

MESA  Multi-Ethnic study of Atherosclerosis 

PAI-1  Plasminogen activator inhibitor-1 

SABPA Sympathetic activity and Ambulatory Blood Pressure in Africans 

TC  Total cholesterol 

vWF  von Willebrand factor 

γ-GT  Gamma-glutamyltransferase 
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4.3 Introduction 

The burden of cardiovascular disease (CVD) is increasing worldwide with South Africa being no 

exception [1]. A recent report indicated that South Africa has a high prevalence of hypertension, 

especially among the black population, who also has a high stroke incidence [2,3]. The black 

population not only seems to have a worse cardiovascular profile than their white counterparts, 

but also a prothrombotic profile [4]. Investigation of the microvasculature for the early detection 

and prevention of vascular disease has gained particular interest in the fight against CVD [5]. The 

retina is a convenient site to study microvascular changes such as arteriolar narrowing and 

venular widening with reproducible non-invasive techniques [6]. 

The retinal vasculature shares many anatomical and physiological features with the cerebral and 

coronary vasculature which are exposed to similar intrinsic and environmental influences [5,7]. 

Retinal vessel calibre sizes convey different information about systemic diseases, with arteriolar 

narrowing being associated with elevated blood pressure [8-10], whereas venular widening 

relates more to inflammation and incidence of stroke [11,12]. The mechanisms contributing to 

retinal calibre changes are still unclear but is thought to be a reflection of cumulative vascular 

damage from conditions such as inflammation and endothelial dysfunction [11,13-16]. 

Haemostatic factors are key players in many of these processes and previous investigators have 

shown there is a relationship between markers of haemostasis and microvascular dysfunction 

[17-19].  

Of the known retinal microvascular changes, evidence shows that arteriolar narrowing precedes 

the development of hypertension and is considered an early feature of mild hypertensive 

retinopathy [8,20]. Recently, we found elevated blood pressure to be associated with increased 

fibrin D-dimer in a black population [4]. However, evidence on whether the retinal vessel calibres 

are related to the haemostatic system is scant [11,21] and absent in the hypertension-prone black 

population of South Africa. We therefore focused on individuals with smaller retinal arteriolar 

calibres and investigated the relationships between components of the haemostatic system and 

retinal vessel calibres in black and white South Africans.  
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4.4 Materials and methods 

4.4.1 Study population 

The Sympathetic activity and Ambulatory Blood Pressure in Africans (SABPA) study was a 

population based cohort involving 409 school teachers between the ages of 25 – 60 years from 

the North West Province, South Africa at inception in 2008-2009. At that time, the study 

participants consisted of 200 black (49.5% women) and 209 white (51.6% women) participants. 

After 3 years, 359 (87.8%) participants returned for examinations during the months of February 

to May 2011-2012, of which 170 black (48.8% women) and 189 white (50.8% women) were used 

in the present analysis. The study complied with the Helsinki declaration for investigation of 

human participants [22]. The Health Research Ethics Committee of the North-West University 

(Potchefstroom Campus) approved the study. Written informed consent was obtained prior to the 

commencement of measurements.  

4.4.2 Clinical measurements 

A 24-hour ambulatory blood pressure (ABPM) and electrocardiogram apparatus (Meditech 

CE120® Cardiotens, Budapest, Hungary) was attached to the participants at their workplace. 

Each participant’s energy expenditure for the week (7 days) was calculated with an Actiheart® 

(CamNtech Limited, Cambridgeshire, United Kingdom). All participants commenced with a 24- 

hour standardised diet. Participants reported to the North-West University at 15:00 where they 

were informed of the proceedings for the rest of the day and underwent retinal vessel imaging. 

The participants were then transported to a Metabolic Unit where they received dinner at 18:00 

and final snacks and drinks at 20:30. They were requested to go to bed at around 22:00. At 07:30, 

the ABPM apparatus was removed, followed by anthropometric measurements and blood 

sampling. The 24-hour blood pressure and electrocardiogram data were downloaded onto a 

database using the CardioVisions 1.9.0 Personal Edition software (Meditech, Budapest, 

Hungary). A lifestyle questionnaire, including questions on smoking and alcohol habits, as well as 

chronic medication use, was completed by each participant. 
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4.4.3 Retinal photography and vessel calibre measurements 

In 2011-2012 the participants had retinal photographs taken and only 302 (84.1%) had gradable 

retinal vessel measurements. The participants were in a non-fasting state. However, no food, 

drinks, exercise or smoking were permitted one hour prior to the assessment. The retinal 

photographs were predominantly taken of the right eye. Before the commencement of the retinal 

photographs, the participants’ risk for acute anterior chamber angle glaucoma was determined 

with a small light source by a trained registered nurse. Thereafter, a drop of 1% tropicamide and 

0.01% bensalconiumchloride (m/v) (Alcon) was administered into the eye to achieve mydriatic 

conditions. The retinal images were taken at 50º angle with a Zeiss Fundus Camera FF-450 Plus 

(Imedos, Jena, Germany) after pupil dilation was obtained. 

Colour and monochrome fundus images centred on the optical disk were captured using Visualis 

2.81 software (Imedos Systems, Jena, Germany). The retinal vessel calibres were determined 

from the monochrome image using VesselMap2 software (Imedos Systems, Jena, Germany) in 

a measuring zone of 0.5-1.0 optic disk diameters away from the optical disk margin. All first order 

vessels passing through this zone were manually selected and their borders automatically 

delineated. The colour image was used to aid with the correct identification of arterioles and 

venules. The calibres were measured in measuring units (MU), where one MU is equivalent to 1 

μM in the normal Gullstrand eye. The 6 largest arterioles and venules were automatically selected 

by the software, and the central retinal artery equivalent (CRAE) and central retinal vein 

equivalent (CRVE) were calculated using the Knudson formula [23]. Thereafter the arteriolar-to-

venular (AVR) ratio was calculated from the CRAE and CRVE values. All images were graded by 

the same two researchers working in unison. 

4.4.4 Anthropometric measurements 

All measurements were taken in triplicate with calibrated instruments. Stature was measured to 

the nearest 0.1 cm with a stadiometer (Invicta Stadiometer, IP 1465, London, UK), body mass to 

the nearest 0.1 kg (Precision Health Scale, A & D Company, Tokyo, Japan) and waist 

circumference to the nearest 0.1 cm with a unstretchable flexible 7 mm wide metal tape (Holtain, 
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Crosswell, Wales) [24,25]. Body mass index (BMI) was calculated for each participant using the 

standard formula of weight/(height)2. 

4.4.5 Blood sampling 

A registered nurse collected fasting blood samples with a sterile winged infusion set from the 

participants’ antebrachial vein branches before 10:00. The blood samples were centrifuged at 

2000 x g for 15 minutes to obtain serum, sodium fluoride and citrate plasma samples. All samples 

were stored at -80˚C until analysis.  

4.4.6 Biochemical analyses 

High sensitivity C-reactive protein (CRP), total cholesterol (TC), high density lipoprotein (HDL-C) 

cholesterol, low density lipoprotein (LDL-C), gamma-glutamyltransferase (γ-GT), glycosylated 

haemoglobin A1c (HbA1c) and fasting glucose were determined with standard methods described 

elsewhere [4]. 

Citrated plasma samples were used for the analysis of von Willebrand factor antigen (vWFag), 

fibrinogen, plasminogen activator inhibitor-1 antigen (PAI-1ag), fibrin D-dimer and clot lysis time 

(CLT). vWFag levels were determined with a sandwich enzyme-linked immunosorbent assay. 

Polyclonal rabbit anti-vWF antibody and rabbit anti-vWF-horseradish peroxidase antibody 

(DAKO, Glostrup, Denmark) were used to perform the assay. The 6th International Standard for 

vWF/FVIII was used to create the standard curve against which the samples were measured. 

Plasma fibrinogen levels were determined by means of a modified Clauss method using the FIB 

kit from STAGO diagnostics (STAGO diagnostics, Asnières, France). The Liatest D-dimer kit from 

STAGO diagnostics (STAGO diagnostics, Asnières, France) was used to determine fibrin D-dimer 

levels with an immuno-turbimetric method with a 540 nm detection limit. PAI-1ag levels were 

determined with the TriniLIZE PAI-1ag kit (Trinity Biotech, Bray, Ireland) using an enzyme-linked 

immunosorbent assay. CLT was determined by studying the lysis of a tissue factor-induced clot 

by exogenous tissue-plasminogen activator. Changes in turbidity during clot formation and lysis 

were monitored as described by Lisman et al. [26]. Tissue factor and tissue plasminogen activator 
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concentrations were slightly modified to obtain comparable CLTs of about 60 minutes. The 

modified concentrations were 17 mmol/L calcium chloride, 60 ng/ml tissue plasminogen activator 

(Actilyse, Boehringer Ingelheim, Ingelheim, Germany), and 10 μmol/L phospholipid vesicles 

(Rossix, Mölndal, Sweden). Tissue factor was diluted 3000 times (Dade Innovin, Siemens 

Healthcare Diagnostics Inc., Marburg, Germany). CLT was defined as the time from the midpoint 

in the transition from the initial baseline to maximum turbidity, which is representative of clot 

formation, to the midpoint in the transition from maximum turbidity to the final baseline turbidity, 

which represents the lysis of the clot. 

4.4.7 Statistical analyses 

Statistica software v12.0 was used for database management and statistical analyses (Statsoft, 

Inc., 2012). Variables not normally distributed (fibrin D-dimer, CRP, HbA1c, glucose, γ-GT, and 

energy expenditure) were logarithmically transformed. The central tendency and spread of these 

variables were represented by the geometric mean and the 5th and 95th percentile intervals. We 

tested for interaction with ethnicity when investigating associations between haemostatic markers 

and markers of retinal vessel calibres with multiple regression analyses. Results found served as 

motivation for the ethnic split (supplementary Table S1). A median split of CRAE was also 

performed based on our aims and on interactions found between the vascular calibres and 

haemostatic factors (supplementary Table S2), namely to determine if associations between 

retinal vessel calibres and haemostasis exist in a group with decreased arteriolar calibres that is 

considered to be at an increased risk for CVD. Means and proportions were compared by 

independent t-test and chi-square test, respectively. We used single regression analyses to 

determine associations between microvascular measures and markers of the haemostatic 

system. Forward stepwise multiple linear regression analyses were performed to determine 

independent associations between microvasculature measurements and markers of the 

haemostatic system. Covariates included in the models were age, body mass index, gender, γ-

GT, current smoking, physical activity, HbA1c, TC:HDL-C, and 24-hour systolic blood pressure. 

CRAE was additionally adjusted for CRVE and vice versa [27]. All p-values refer to a two-sided 

hypothesis. 
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4.5 Results  

Significant interactions were found between CRAE median split and ethnicity for the associations 

between the retinal vessel calibres and the haemostatic markers (Supplementary Table S1 and 

S2). Our study population was therefore stratified by median split for CRAE and thereafter by 

ethnicity, which allowed us to investigate the associations of retinal vascular calibres with the 

haemostatic variables in the high CVD risk group with arterial narrowing. Table 1 lists the general 

characteristics of the total black and white study population. The black population had higher 

mean systolic and diastolic blood pressures (p<0.001), fibrinogen (p<0.001) and PAI-1ag 

(p=0.001) levels, as well as a longer mean CLT (p=0.003) than their white counterparts. With 

respect to their retinal vessel calibre profile, blacks tended to have smaller CRAE (p=0.071), with 

a larger CRVE (p<0.001), and consequently a lower AVR (p<0.001). 
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Table 1: Characteristics of the total study population 

  Black (n=132) White (n=170) p 

Women, n (%) 58 (43.9) 88 (51.8) 0.18 

Age, years 47.5 ± 7.5 49.2 ± 9.8 0.046 

Body mass index, kg/m2 30.2± 6.5 28.8 ± 6.3 0.058 

Waist circumference, cm (men) 98.3 ± 14.8 105.4 ± 13.0 0.001 

Waist circumference, cm (women) 96.4 ± 16.7 87.0 ± 14.4 <0.001 

Haemostatic markers    

von Willebrand factor, % 88.0 ± 19.4 90.4 ± 21.8 0.34 

Fibrinogen, g/L 3.57 ± 0.72 2.81 ± 0.54 <0.001 

Plasminogen activator inhibitor-1, ng/ml 41.7 ± 11.7 21.5 ± 9.2 <0.001 

Fibrin D-dimer, μg/L 302 (219 – 692) 282 (218 – 550) 0.12 

Clot lysis time, min 79.6 ± 8.8 76.4 ± 8.7 0.003 

Biochemical measurements    

Total cholesterol, mmol/L 4.57 ± 1.00 4.33 ± 1.04 0.048 

Total cholesterol: high density cholesterol 4.96 ± 1.71 4.45 ± 1.48 0.005 

High density lipoprotein cholesterol, mmol/L 1.00 ± 0.34 1.06 ± 0.37 0.17 

Low density lipoprotein cholesterol, mmol/L 2.95 ± 0.87 2.73 ± 0.90 0.033 

Triglycerides, mmol/L 1.37 ± 0.83 1.22 ± 0.92 0.13 

Glycosylated hemoglobin A1c, %  5.89 (5.25 – 7.08) 5.50 (5.13 – 6.03) <0.001 

Glucose, mmol/L 5.25 (4.37 – 7.08) 4.27 (2.95 – 6.03) <0.001 

C-reactive protein, mg/L 3.24 (0.43 – 13.18) 1.10 (0.16 – 6.45) <0.001 

Haematocrit, % 41.3 ± 4.23 42.4 ± 4.34 0.034 

Microvascular measurements    

Arteriolar-to-venular ratio 0.60 ± 0.06 0.64 ± 0.04 <0.001 

Central retinal artery equivalent, MU 148.6 ± 12.0 151.0 ± 10.7 0.071 

Central retinal vein equivalent, MU 247.4 ± 18.6 236.5 ± 17.7 <0.001 

Macrovasular measurements    

24-hour Systolic blood pressure, mmHg 134.2 ± 16.5 123.4 ± 12.0 <0.001 

24-hour Diastolic blood pressure, mmHg 83.7 ± 10.8 75.8 ± 8.4 <0.001 

Lifestyle    

Physical activity, kcal/day 3162 (1950 – 5754) 3162 (2042 – 5623) 0.91 

Gamma-glutamyltransferase, U/L 35.5 (11.7 – 107.2) 17.8 (6.76 – 45.7) <0.001 

Current smoking, n (%) 21 (15.9) 22 (12.9) 0.46 

HIV-infected, n (%) 18 (13.9) 1 (0.6) <0.001 

Intake of medications    

Anti-hypertensive medication, n (%) 40 (30.3) 33 (19.4) 0.028 

Anti-coagulant medication, n (%) 22 (19.9) 22 (16.7) 0.36 

Anti-inflammatory medication, n (%) 24 (18.2) 21 (12.4) 0.16 

Contraception, n women (%) 11 (19.0) 5 (5.7) 0.038 

Values are arithmetic mean ± SD, geometric mean (5th to 95th percentile interval), or number of subjects (%). 
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When stratifying the black and white groups by median split of the CRAE (Table 2), systolic blood 

pressure (p≤0.020) and AVR (p<0.001) were significantly higher, and CRVE (p<0.001) lower in the 

smaller CRAE subdivision for both ethnic populations. We found no differences in haemostatic 

markers between CRAE median split groups, except for fibrin D-dimer being significantly higher 

(p=0.035) in the smaller CRAE group in blacks only. 

4.5.1 Unadjusted analyses 

In the smaller CRAE subdivision (Table 3), AVR correlated negatively (black p=0.020; white p=0.043) 

and CRVE positively (black p=0.017; white p=0.024) with fibrinogen in both ethnic groups. In the 

white group, a negative AVR and positive CRVE correlation were found with both vWFag (AVR 

p<0.001; CRVE p=0.031) and CLT (AVR p=0.007; CRVE p=0.002). We also performed similar 

analyses in the larger CRAE subdivision (Supplementary Table S3), and found that AVR correlated 

positively with fibrin D-dimer (p=0.029) in the black population, while CRVE correlated negatively with 

fibrin D-dimer (black p=0.017; white p=0.027) in both ethnic groups. An additional negative 

association was found between AVR and CLT (p=0.011) in the white population. 

Table 2: Characteristics of the study population stratified by central retinal artery equivalent 

  Black (N=132)  White (N=170)  

 

Smaller CRAE 
<150.6  
(N=71) 

Larger CRAE 
≥150.6  
(N=61) 

p 
Smaller CRAE 

<150.6 
 (N=80) 

Larger CRAE 
≥150.6 
(N=90) 

p 

Haemostatic 
markers 

     
 

vWF, % 89.2 ± 18.9 87.2 ± 20.2 0.57 90.8 ± 21.9 90.0 ± 21.7 0.81 

Fibrinogen, g/L 3.55 ± 0.74  3.65 ± 0.69 0.40 2.84 ± 0.52 2.79 ± 0.56 0.54 

PAI-1, ng/ml 41.0 ± 12.5 42.9 ± 11.1 0.36 22.1 ± 9.6 20.8 ± 1.15 0.34 

Fibrin D-dimer, μg/L 324 (219 –759 ) 275 (218 – 617) 0.035 288 (219 – 550) 282 (219 – 676) 0.85 

Clot lysis time, min 78.8 ± 8.7 80.2 ± 9.0 0.39 77.1 ± 8.5 75.7 ± 8.8 0.32 

Microvascular 
measurements 

     
 

AVR 0.58 ± 0.05 0.64 ± 0.05 <0.001 0.63 ± 0.04 0.65 ± 0.04 <0.001 

CRAE, MU 139.5 ± 7.6 159.2 ± 6.1 <0.001 142.0 ± 6.2 158.9 ± 6.9 <0.001 

CRVE, MU 243.8 ± 18.8 251.6 ± 17.6 <0.001 227.0 ± 16.7 245.0 ± 13.9 <0.001 

Macrovascular 
measurements 

     
 

24-hour SBP, mmHg 138.9 ± 17.6 128.5 ± 13.5 <0.001 125.8 ± 12.6 121.5 ± 11.3 0.020 

24-hour DBP, mmHg 87.3 ± 10.5 79.2 ± 9.6 <0.001 77.1 ± 8.7 74.9 ± 8.0 0.088 

Values are arithmetic mean ± SD, geometric mean (5th to 95th percentile interval), or number of subjects (%).  
Abbreviations: vWF, von Willebrand factor; PAI-1, plasminogen activator inhibitor-1; AVR, arteriolar-to-venular ratio; 
CRAE, central retinal artery equivalent; CRVE, central retinal vein equivalent; SBP, systolic blood pressure; DBP, 
diastolic blood pressure. 
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4.5.2 Adjusted analyses 

 
When focussing again on participants in the smaller CRAE grouping, we confirmed after full 

adjustments for known covariates (age, gender, body mass index, smoking, γ-GT, physical activity, 

HbA1c, TC:HDL, systolic blood pressure; Table 4) the associations of AVR and CRVE with fibrinogen 

(AVR p=0.021; CRVE p=0.024) in the black population and vWFag (AVR p=0.015; CRVE=0.021) in 

the white population. The association between CRVE and CLT (p=0.008) in the white population was 

also confirmed. Additional negative associations were found between CRAE and CLT (p=0.014) in 

the black, as well as CRAE and vWFag (p=0.016) in the white population with a smaller CRAE. In the 

higher CRAE subdivision (Supplementary Table S4), former associations were confirmed after full 

adjustments and additional positive associations were found in the white population between AVR 

and fibrin D-dimer (p=0.034) as well as CRVE and CLT (p=0.038). No associations were found 

between the retinal vascular calibres and PAI-1 in either of the ethnic groups or CRAE subdivisions. 

Table 3: Single regression analyses of retinal vessel measurements with markers of the haemostatic 
system in participants with CRAE < 150.6 MU.  

  
Von 

Willebrand 
factor, % 

Fibrinogen, g/L 

Plasminogen 
activator 

inhibitor-1, 
ng/ml 

Fibrin D-
dimer, μg/L 

Clot lysis time, 
min 

 Black (N=69) 

AVR r=0.13 p=0.31 r=-0.28 p=0.020 r=-0.02 p=0.86 r=0.02 p=0.86 r=-0.16 p=0.21 

CRAE, MU r=0.02 p=0.87 r=-0.09 p=0.49 r=-0.001 p=0.99 r=0.07 p=0.59 r=-0.12 p=0.35 

CRVE, MU r=-0.14 p=0.27 r=0.29 p=0.017 r=0.01 p=0.91 r=0.02 p=0.89 r=0.10 p=0.44 

 White (N=78) 

AVR r=-0.37 p=0.001 r=-0.23 p=0.043 r=-0.01 p=0.91 r=0.10 p=0.41 r=-0.32 p=0.007 

CRAE, MU r=-0.12 p=0.30 r=0.10 p=0.38 r=0.02 p=0.85 r=-0.01 p=0.93 r=0.01 p=0.27 

CRVE, MU r=0.25 p=0.031 r=0.26 p=0.024 r=0.01 p=0.92 r=-0.11 p=0.35 r=0.35 p=0.002 

Abbreviations: AVR, arteriolar: venular ratio; CRAE, central retinal artery equivalent; CRVE, central retinal vein 
equivalent. Bold values denotes statistical significance, p<0.05. 
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Table 4: Multiple regression analyses of the retinal vessel measurements with markers of the haemostatic system in the smaller central retinal artery 
equivalent. 

Independent 
variables 

von Willebrand factor, % Fibrinogen, g/L Fibrin D-dimer, µg/L Clot lysis time, min 

Dependent 
variables 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Adj R2 Adj R2 Adj R2 Adj R2 

 Black (N=69) 

AVR NS 
0.23 -0.297 

(-0.540 to -0.054) 
0.021 NS NS 

0.17 

CRAE, MU NS NS NS 
0.37 -0.390 

(-0.692 to -0.088) 
0.014 

0.28 

CRVE, MU NS 
0.15 0.293  

(0.044 to 0.542) 
0.024 NS NS 

0.10 

 White (N=78) 

AVR 
0.21 -0.281  

(-0.501 to -0.061) 
0.015 NS NS NS 

0.18 

CRAE, MU 
0.40 - 0.256  

(-0.458 to -0.054) 
0.016 NS NS NS 

0.34 

CRVE, MU 
0.41 0.234  

(0.040 to 0.428) 
0.021 NS NS 

0.38 0.275  
(0.079 to 0.471) 

0.008 
0.37 0.35 

Abbreviations: AVR, arteriolar-to-venular ratio; CRAE, central retinal artery equivalent, CRVE, Central retinal vein equivalent. Adjusted for age, body mass index, gender, 
gamma-glutamyltransferase, current smoking, physical activity, glycosylated haemoglobin A1c, total cholesterol:high density lipoprotein ratio, 24-hour systolic blood 
pressure. CRAE was additionally adjusted for CRVE and vice versa. 
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4.5.3 Sensitivity analyses 

The multiple regression analyses were repeated to determine if the inclusion of additional 

covariates (HIV status, antihypertensive, anticoagulation, anti-inflammatory medication or 

contraceptive usage, each entered separately) would influence the results, which was not the 

case. 

4.6 Discussion 

Retinal arteriolar narrowing relates to a higher risk for hypertension, cardiovascular disease 

development and mortality [28-30]. When focussing on individuals with smaller arteriolar calibres, 

we found that they had decreased AVR, narrower CRVE and higher blood pressures. Also, in 

these smaller CRAE groups, we found independent associations between specific haemostasis 

markers and retinal vessel calibres that differed distinctly between the black and white 

participants. These early vascular changes, as reflected by retinal vessel calibres, suggest an 

increased cardiovascular risk, especially in the black population, who is known to have an adverse 

cardiovascular and procoagulant profile when compared to whites [4,31]. 

A smaller arteriolar diameter, accompanied by a decreased AVR and narrower CRVE in both 

ethnicities confirms the observation of Liew et al. [27], who reported that individuals with narrower 

arterioles were also more likely to have narrower venules. In the black population the negative 

AVR and positive CRVE associations with fibrinogen suggest that fibrinogen, an acute phase 

protein, may play a role in venular widening. Previous studies that investigated older multi-ethnic 

populations from the United States also reported associations of AVR and CRVE with fibrinogen 

[11,21]. The Atherosclerosis Risk In Communities (ARIC) study [21] was the first to report a 

negative association between AVR and fibrinogen. Initially this association was thought to be 

associated with arteriolar narrowing. However, after further analyses of the vessel calibres, 

fibrinogen was associated with venular widening [11]. The Multi-Ethnic study of Atherosclerosis 

(MESA) [11], which investigated associations between biomarkers of inflammation and retinal 

vessel calibres, also reported a positive association between fibrinogen and CRVE. Both the ARIC 

and MESA study investigators suggested that fibrinogen may affect venular widening through its 
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role as an acute phase reactant. Although the mechanism is unclear, our result is consistent with 

other cohort studies that reported associations between inflammatory markers and venular 

widening [16,32]. It is unclear why we only found the relationship between CRVE and fibrinogen 

in the black population within the smaller CRAE subdivision. We may speculate that the ethnic 

differences may be explained by the significantly higher fibrinogen levels reported in the black 

population when compared to the white population [4]. Furthermore, the lack of a relationship 

between fibrinogen and CRVE in the larger CRAE group (supplementary Table S4) may indicate 

that fibrinogen only plays a role in the initial stages of venular widening. However, further 

investigation is needed.  

Von Willebrand factor is a well-established measure of endothelial dysfunction [17,33]. We found 

a smaller CRAE and larger CRVE to be independently associated with vWF only in our white 

population within the smaller CRAE subdivision. This finding is in contrast to the ARIC study [21] 

which reported a positive association between AVR and vWF. This was linked to a wider arteriolar 

calibre after further analyses in a combined black and white population [16]. However, our 

negative association between CRAE and vWF supports the notion that arteriolar narrowing is 

accompanied by endothelial damage [14,34], which supports other findings on increased 

cardiovascular risk with arteriolar narrowing [9,13,35]. Notably we were unable to report any 

relationships between vWF and the retinal vessel calibres in the groups with a larger arteriolar 

calibre (supplementary Table S4). This warrants further investigation into the association between 

vWF and the retinal vessel calibres. It is also not clear why no associations between vWF and the 

retinal vessel calibres were found in the black population who had similar vWF levels as their 

white counterparts and a more adverse cardiovascular profile. In a previous study [36] we 

investigated associations between measures of arterial function and vWF in black and white 

South African women, not finding any associations between measures of arterial function and 

vWF in the black population. However, significant associations were apparent in white women 

with a more favourable cardiovascular profile [36]. Therefore, vWF may not be a reliable marker 

of cardiovascular alterations in the black South African population. 



132 
 

Our study is the first to report associations between the retinal vessel calibres and CLT. CLT is 

an indication of the plasma fibrinolytic potential of an individual, with a decreased fibrinolytic 

potential being associated with increased thrombotic risk [26]. The negative association with 

CRAE in the black population and positive association with CRVE in the white population suggest 

that impaired fibrinolysis may play a role in generalised arteriolar narrowing in the black population 

and venular widening in the white population. Furthermore, in the white population with a larger 

CRAE (supplementary Table S4), AVR was positively and CRVE negatively associated with fibrin 

D-dimer, while AVR was negatively and CRVE positively associated with CLT. This may suggest 

that an impaired fibrinolytic potential associates with venular widening, irrespective of retinal 

arteriolar calibre size. The ethnic differences in the associations of fibrinogen, vWF and CLT with 

the retinal vessel calibres could possibly be explained by genetic differences and/or varying 

systemic and environmental risk factors that were not controlled for in this study. 

The present study should be interpreted within the context of its limitations and strengths. This 

was the first study to investigate associations between vascular calibres and the haemostatic 

system between two ethnic groups with similar socio-economic status in South Africa. Due to the 

cross-sectional nature of the study, causality cannot be inferred. Residual confounding cannot be 

excluded, even though the results were consistent after multiple adjustments. Our population 

group was only recruited from the urban areas of the Potchefstroom district in the North West 

Province of South Africa, therefore our findings cannot be seen as representative of the entire 

South African population. 

We conclude that in individuals with a smaller arteriolar calibre, relationships between markers of 

haemostasis and the retinal vessel calibres exist that vary between ethnicities. Haemostatic 

alterations are linked to early retinal microvascular changes, and future studies should investigate 

whether it translates into elevated stroke risk. 
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Table S1: Interaction terms with ethnicity 

Total group (n= 302) 

  AVR CRAE, MU CRVE, MU 

 
Tot R2 

β (95% CI) p 
Tot R2 

β (95% CI) p 
Tot R2 

β (95% CI) p 
Adj R2 Adj R2 Adj R2 

vWF*Ethnicity NS NS NS 

Fibrinogen*Ethnicity NS NS NS 

PAI-1*Ethnicity NS NS NS 

D-dimer*Ethnicity 
0.30 -6.73  

(-8.26 to -5.20) 
<0.001 

0.09 -4.10  
(-5.86 to -2.34) 

<0.001 NS 
0.30 0.08 

CLT*Ethnicity 
0.18 -1.59  

(-2.59 to -0.59) 
0.002 NS 

0.14 1.69  
(0.67 to 2.71) 

0.001 
0.17 0.13 

Abbreviations: AVR, arteriolar-to-venular ratio; CRAE, central retinal artery equivalent; CRVE, central retinal vein equivalent; vWF, von Willebrand 
factor; PAI-1, plasminogen activator inhibitor-1; CLT, clot lysis time. 
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Table S2: Interaction terms with central retinal artery equivalent median split 

Total group (n= 302) 

  AVR CRAE, MU CRVE, MU 

 
Tot R2 

β (95% CI) P 
Tot R2 

β (95% CI) p 
Tot R2 

β (95% CI) p 
Adj R2 Adj R2 Adj R2 

vWF*Median 
 

  - 
 

  
  

Fibrinogen*Median 
0.26 -0.55  

(-1.00 to -0.10) 
0.014 - 

0.22 0.76  
(0.31 to 1.21) 

0.001 
0.25 0.21 

PAI-1*Median 
0.23 -0.36  

(-0.61 to -0.11) 
0.006 - 

0.17 0.35  
(0.10 to 0.60) 

0.009 
0.22 0.16 

D-dimer*Median 
0.18 2.47  

(0.80 to 4.14) 
0.004 - 

0.26 -5.65  
(-7.24 to -4.06) 

<0.001 
0.17 0.25 

CLT*Median 
 

  - 
0.20 -1.73  

(-2.69 to -0.77) 
<0.001 

 0.19 

Abbreviations:  AVR, arteriolar-to-venular ratio; CRAE, central retinal artery equivalent; CRVE, central retinal vein equivalent; vWF, von Willebrand factor; 
PAI-1, plasminogen activator inhibitor-1; CLT, clot lysis time. 
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Table S3: Single regression analyses of retinal vessel measurements with markers of the 
haemostatic system in the larger central retinal artery equivalent.  

  
von Willebrand 

factor, % 
Fibrinogen, 

g/L 

Plasminogen 
activator 

inhibitor-1, ng/ml 

Fibrin D-dimer, 
μg/L 

Clot lysis time, 
min 

 Black (N=59) 

AVR r=-0.16 p=0.22 r=-0.05 p=0.71 r=0.08 p=0.56 r=0.30 p=0.029 r=-0.21 p=0.12 

CRAE, MU r=0.09 p=0.51 r=0.03 p=0.80 r=0.01 p=0.96 r=-0.01 p=0.94 r=0.02 p=0.91 

CRVE, MU r=0.22 p=0.11 r=0.04 p=0.79 r=-0.08 p=0.54 r=-0.32 p=0.017 r=0.21 p=0.12 

 White (N=86) 

AVR r=0.10 p=0.37 r=-0.02 p=0.85 r=0.04 p=0.72 r=0.14 p=0.20 r=-0.28 p=0.011 

CRAE, MU r=0.13 p=0.23 r=0.07 p=0.51 r=0.08 p=0.47 r=-0.12 p=0.27 r=-0.13 p=0.250 

CRVE, MU r=0.01 p=0.92 r=0.09 p=0.43 r=0.02 p=0.88 r=-0.24 p=0.027 r=0.20 p=0.070 

Abbreviations: AVR, arteriolar-to-venular ratio; CRAE, central retinal artery equivalent; CRVE, central retinal vein 
equivalent. 
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Table S4: Multiple regression analyses of the retinal vessels measurements with markers of the haemostatic system in the larger central retinal artery equivalent. 

Independent 
variables 

von Willebrand factor, % Fibrinogen, g/L Fibrin D-dimer, µg/L Clot lysis time, min 

Dependent 
variables 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Tot R2 
β (95% CI) p 

Adj R2 Adj R2 Adj R2 Adj R2 

 Black (N=59) 

AVR NS NS 
0.24 0.268  

(0.003 to 0.533) 
0.053 NS 

0.20 

CRAE, MU NS NS NS NS 

CRVE, MU NS NS 
0.30 -0.245  

(-0.490 to 0.0001) 
0.056 NS 

0.25 

White (N=86) 

AVR NS NS 
0.27 0.217  

(0.019 to 0.415) 
0.034 

0.26 -0.249  
(-0.477 to -0.028) 

0.031 
0.21 0.21 

CRAE, MU NS NS NS NS 

CRVE, MU NS NS 
0.35 -0.265  

(-0.457 to -0.073) 
0.008 

0.32 0.243  
(0.018 to 0.468) 

0.038 
0.27 0.24 

Abbreviations: AVR, arteriolar-to-venular ratio; CRAE, central retinal artery equivalent, CRVE, Central retinal vein equivalent. Adjusted for age, body mass index, gender, gamma glutamyl 
transferase, current smoking, physical activity, glycosylated haemoglobin A1c, total cholesterol:high density lipoprotein ratio, 24-hour systolic blood pressure. CRAE was additionally 
adjusted for CRVE and vice versa. 
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5.1 Introduction 

This chapter summarises all the main findings of the three research articles. Each article’s results 

are interpreted, compared to the relevant literature and discussed. Thereafter conclusions are 

drawn and recommendations made to future researchers investigating the relationship between 

haemostasis and cardiovascular function. 

5.2 Summary of main findings and comparison with the literature 

The relevant findings of each article were: 

5.2.1 D-dimer relates positively with increased blood pressure in black and white South 

Africans (Chapter 2) 

In this article I compared the haemostatic and blood pressure profiles of the black and white South 

African population, and investigated ethnic-specific associations between the selected 

haemostatic components and ambulatory blood pressure measures. The hypotheses put forward 

in chapter 1 stated firstly that compared to the white population, the black population exhibits 

higher levels of vWF, fibrinogen and fibrin D-dimer, lower levels of PAI-1 and a shorter CLT. The 

second hypothesis is that ethnic differences exist in the relationships of ambulatory blood 

pressure with the haemostatic components. 

I found that the black population had higher levels of vWF, fibrinogen, PAI-1, fibrin D-dimer and a 

longer CLT than their white counterparts. Although the haemostatic markers were higher in the 

black population, they were still within their normal reference ranges [1]. The higher vWF, 

fibrinogen and fibrin D-dimer in the black population confirms previous findings [2-4]. However, 

the higher PAI-1 reported in this group is in contrast with the literature that reports lower PAI-1 in 

black compared to white populations [5,6]. To our knowledge, this is the first study to investigate 

ethnic differences in CLT. The longer CLT in the black population adds to the literature and could 

possibly be a result of the higher PAI-1 levels observed in this group. Therefore, the first 

hypothesis is only partially accepted due to PAI-1 being higher and CLT longer in the black 

population.  
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Moreover, positive associations independent of known cardiovascular risk factors existed 

between all the ambulatory blood pressure measures and fibrin D-dimer in the black population, 

which confirms the observation of Khaleghi et al. [7] in black hypertensive individuals. In the white 

population, independent inverse associations were reported between all the ambulatory blood 

pressure measures and CLT. These associations are in contrast with Meltzer et al. [8] who 

reported a positive association between blood pressure and CLT. Therefore, the second 

hypothesis is accepted since ethnic-specific relationships were found between the haemostatic 

components and ambulatory blood pressure measures. 

5.2.2 Ethnic-specific relationships between haemostatic and oxidative stress markers in 

black and white South Africans (Chapter 3) 

I investigated associations of oxidative stress (serum peroxides) and antioxidant markers (GSH, 

GPx and GR activity) with the components of the haemostatic system in black and white South 

Africans to determine if ethnic differences exist. We hypothesised (chapter 1) that the oxidative 

stress and antioxidant markers are associated with the haemostatic components in both 

ethnicities, with more adverse associations seen in the black population. 

I found that the black population had a mixed oxidant-antioxidant profile with significantly higher 

serum peroxides, GSH and GR activity and lower GPx activity levels. Low levels of GPx activity 

is an indicator of a decreased antioxidant capacity [9]. When oxidative stress supersedes the 

antioxidant capacity, damage may occur to the endothelial cells, which results in the release of 

several prothrombotic factors [10]. In the black population, vWF and GPx activity correlated 

negatively, which confirms the findings of Blann et al. [9] that elevated vWF is accompanied by a 

decreased antioxidant capacity. A negative association between CLT and GPx activity also 

existed in the black population and adds to the existing literature by showing that decreased GPx 

activity is accompanied by an impaired fibrinolytic potential. Furthermore, in the black population 

the negative associations of vWF and PAI-1 with total GSH also confirm previous findings [11,12]. 

In addition, the positive associations of vWF and CLT with GR activity and negative association 
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with GPx activity in the black population, confirms the observation of Rybka et al. [13] that 

decreased GPx activity is accompanied by an increase in GR activity. 

Serum peroxides were positively associated with fibrinogen in both ethnic groups in multiple 

regression analyses. Several in vivo studies show fibrinogen to be highly susceptible to oxidative 

stress [14,15]. However epidemiological data regarding this association is scant. Our study adds 

to the existing literature by confirming the relationship between fibrinogen and oxidative stress in 

both ethnic groups. In addition, the positive associations of serum peroxides with fibrinogen and 

CLT in the white population confirm the observation of Vadseth et al. [16] that a fibrin clot formed 

in an oxidised environment is more resilient to lysis. It is unclear why there was no association 

between serum peroxides and CLT in the black population who had higher levels of serum 

peroxides and a longer CLT than their white counterparts. Although the oxidative stress and 

antioxidant markers were more adversely related to the haemostatic components in the black 

population, the hypothesis is only partially accepted, since no independent associations were 

found between the haemostatic components and GSH and GPx activity that are markers of 

antioxidant capacity in the white population. 

5.2.3 Retinal vessel calibres and haemostasis in black and white South Africans 

(Chapter 4) 

Individuals with narrower arteriolar calibres tend to be at an increased CVD risk [17,18]. 

Therefore, I investigated associations between retinal vessel calibres and the haemostatic 

markers in individuals with a smaller CRAE diameter. A median split of CRAE was performed to 

identify indiviuals with narrow arterioles based on our aims and interactions found between the 

vascular calibres and haemostatic factors. The black population of the SABPA study has a 

worsened cardiovascular profile when compared to their white counterparts [19], and early 

vascular changes have already been observed in the black group by other investigators [20]. 

Therefore, the hypothesis was (chapter 1) that the retinal vessel calibres are associated with the 

haemostatic components in the black population. 
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In both ethnic groups, individuals with a smaller CRAE diameter also had narrower venular 

calibres and lower AVR when compared to individuals with a larger CRAE diameter. This result 

confirms a previous observation that individuals with narrower arterioles also tend to have 

narrower venules [21]. After performing forward stepwise multiple regression analyses, AVR was 

negatively and CRVE positively associated with fibrinogen in the black population. These results 

confirm findings from the ARIC study that associated fibrinogen with a decreased AVR [17], which 

was later reported to be due to venular widening after further analyses of the vessel calibres were 

performed [22]. Furthermore, in the white population, inverse associations existed between AVR, 

CRAE and vWF. This is in contrast with a previous study by Klein et al. [17] who reported a 

positive association between AVR and vWF, which was related to a wider arteriolar calibre [23]. 

Our study is the first to report associations between the retinal vessel calibres and CLT and 

indicates that narrower arterioles in the black population and wider venules in the white population 

in individuals with a smaller CRAE relates to a decreased fibrinolytic rate. The hypothesis is 

therefore rejected, since significant associations between the components of the haemostatic 

system and retinal vessel calibres were found in both ethnicities. 

The results of the three articles both confirm and contradict existing knowledge, and add valuable 

insight to the relationship between components of the haemostatic system and cardiovascular 

function in black and white South Africans. 

5.3 Chance and confounding 

When reviewing the results obtained in the above-mentioned research the possibility of chance 

findings should be taken into account. Partial and forward stepwise regression analyses indicate 

that one out of twenty significant correlations might be due to chance. Confounders such as age, 

gender, body mass index, HbA1c, γ-GT, TC:HDL-C, physical activity and current smoking, in the 

partial and multiple regression analyses, could have influenced the results by causing over- or 

underestimation of the associations between the different haemostatic markers and 

cardiovascular function investigated in this study. Therefore, the number of covariates that could 

influence the relationship was kept to a minimum and only one covariate for every ten participants 
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was allowed. Furthermore, additional potential confounders, such as dietary intake, psychosocial 

stress, medication use and genetic characteristics were not taken into consideration and may 

have affected the outcome of this research.  

5.4 Strengths and limitations 

It is crucial to reflect on some of the strengths and limitations of our study. 

5.4.1 Strengths 

 The population group was equally distributed along ethnicity, gender and socio-economic 

status. This allowed us to compare ethnic as well as gender groups with the same socio-

economic standing.  

 The participants were fairly young (mean age of 45 years), allowing us to investigate 

relationships between the components of the haemostatic system and cardiovascular 

function in a general population from the working class. 

 The measurements were conducted under controlled conditions in a Metabolic Research 

Unit to assure environmental stability such as room temperature, activity levels and dietary 

intake. 

 A strict protocol was followed by trained research personnel to ensure the quality of all the 

measurements taken. 

 Measurements were only conducted during the months of February and May to control for 

seasonal changes. 

 An ambulatory blood pressure monitor and accredited physical activity accelerator device 

were worn by the participants at their place of work to get a representation of their blood 

pressure and physical activity profiles during a normal working day.  

 Participants received standardised meals the day before the commencement of the 

measurements in an attempt to for control short-term dietary intake that could have 

influenced the results.  

 Blood was drawn before 10:00 in the morning to control for diurnal changes. 
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 Blood samples were immediately sent to an onsite laboratory for processing, and stored 

at -80ºC to assure sample stability. 

5.4.2 Limitations 

 The study consisted of a relatively small sample size (n=409). However, adequate 

statistical power was obtained. 

 South Africa is a country rich in culture and diversity, thus our population which was only 

recruited from the Potchefstroom district in the North West Province, cannot be seen as a 

representation of the entire South African population.  

 Cause and effect cannot be determined, since the data was analysed cross-sectionally for 

all the articles. Although prospective data was available for the third article, the data was 

still examined cross-sectionally, since minimal change was observed with the haemostatic 

components and cardiovascular measurements during the short (three year) follow-up 

period. The microvascular data was also not available for baseline.  

 The participant’s blood group were not determined for this study. Therefore, we could not 

determine whether the variations in mean vWF levels between the ethnic groups were 

affected by different blood type profiles. 

 The antigen levels of vWF and PAI-1 were measured instead of their activity levels. 

Furthermore, not all the components of the haemostatic and oxidant-antioxidant systems 

could be determined due to limited samples and funding. 

5.5 Discussion of main findings 

It is known that the black population has a high cardiovascular mortality rate, especially from 

stroke [24], and tends to suffer from heart failure rather than coronary heart disease [25]. The 

increased mortality rates from CVD in the black population are accompanied by a high prevalence 

of hypertension and diabetes mellitus [26]. Moreover, changes in the haemostatic system also 

play a primary role in CVD states [27-29] and elevated levels of vWF [30], fibrinogen [3], PAI-1 

[31] and fibrin D-dimer [32] as well as a longer CLT [8] relates to CVD. Individuals from African 
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descent tend to have higher levels of vWF [2], fibrinogen [3] and D-dimer [33] that may contribute 

to their increased cardiovascular risk. However, lower PAI-1 activity levels have been reported in 

Africans when compared to their European counterparts [6]. This may counteract the effect of the 

elevated coagulation markers. To my knowledge, only a limited number of studies exist that 

compared the coagulation and fibrinolytic profiles with cardiovascular function in black and white 

South Africans. Therefore, I attempted to determine circulating levels of several components of 

both the coagulation and fibrinolytic systems to investigate the haemostatic profiles of both the 

black and white population. I also investigated the relationship of the haemostatic markers with 

blood pressure measures, oxidant-antioxidant markers and the retinal vessel calibres in both 

ethnic groups (Chapter 1, Figure 15). This was done to determine whether adverse relationships 

exist between the haemostatic markers and markers of cardiovascular function, which may 

increase the population’s susceptibility towards CVD. 

In the black population, the higher coagulation levels and inhibited fibrinolysis, when compared 

to their white counterparts, indicate an increased thrombotic risk. Notably, the prothrombotic 

profile in the black population was also accompanied by higher ambulatory blood pressure. 

Available evidence from European countries suggest that elevated blood pressure contributes to 

all the components of Virchow’s triad [34,35] and is accompanied by elevated circulating 

haemostatic markers [36-39]. Therefore, the link found between D-dimer and blood pressure in 

the black population suggests that D-dimer, a marker of increased thrombin and/or fibrin turnover, 

may contribute to hypertension in this population or vice versa. Elevated D-dimer is suggested to 

exert an adverse effect on the surrounding endothelial cells, consequently promoting 

vasoconstriction of the blood vessels, thereby contributing to increased blood pressure [40]. 

However, in the white population, shorter CLT’s were observed in individuals with higher blood 

pressure, which is in contrast with the existing literature [8] and warrants further investigation.     

Endothelial dysfunction, initiated by increased inflammation and oxidative stress, results in the 

suppression of anticoagulant activity and the promotion of procoagulant activity [41,42]. After 

investigation of the oxidant-antioxidant system on haemostatic markers, it became evident that 
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increased oxidative stress (reflected by increased serum peroxides), together with a diminished 

antioxidant capacity (reflected by decreased GPx activity), accompany a prothrombotic profile in 

the black population. In the white population, oxidative stress seems to be related to an increase 

in circulating fibrinogen, as well as impaired fibrin clot lysis. The impaired clot lysis was probably 

due to the formation of a more resilient fibrin clot formed in the presence of an oxidative 

environment and in combination with increased fibrinogen concentrations [16].    

The investigation of the retinal vessel calibres offered me the opportunity to investigate the 

microvasculature and its relationship with the haemostatic markers, with an approach that have 

not yet been implemented in our population. Our findings provided valuable information regarding 

the susceptibility of the microvascular system for systemic diseases in individuals who are known 

to be at increased CVD risk due to arteriolar narrowing. In individuals who have an increased 

susceptibility for hypertension development, such as the black population of South Africa [25,43], 

arterial narrowing may be of particular importance. Arteriolar narrowing was shown to precede 

the development of hypertension and is also considered an early feature of mild hypertensive 

retinopathy [44,45]. It was evident that in individuals with a smaller CRAE diameter, fibrinogen 

was related to venular widening in the black population, possibly through its role as an acute 

phase reactant. Previous studies investigating the influence of several inflammatory markers, 

including fibrinogen on the retinal vessel calibres, observed that inflammation is linked to venular 

widening [22,23]. In the white population, vWF was related to both arteriolar narrowing and 

venular widening, which indicates that endothelial dysfunction may contribute to early retinal 

vascular changes. These early vascular changes in both the black and white population may also 

result in the formation of fibrin clots that lyse at a slower rate, since associations were observed 

between CLT and arteriolar narrowing in the black and venular widening in the white population. 

Although our study population was relatively small and the results cannot be generalised to the 

whole population of South Africa, valuable insight regarding the haemostatic profile of both black 

and white South Africans were obtained. The black population has a prothrombotic profile that is 

related to a compromised oxidant-antioxidant system, retinal vessel calibre changes and 
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increased blood pressure. However, in the white population adverse associations were also 

present with several haemostatic markers associating with oxidative stress and the retinal vessel 

calibres.  

5.6 Recommendations for future studies  

The following recommendations are made to future researchers investigating the haemostatic 

system and cardiovascular function. 

 Additional components of the haemostatic system, such as thrombin generation, 

prothrombin fragment 1 and 2, t-PA activity, plasmin-anti-plasmin complex and thrombin-

activatable fibrinolysis inhibitor should be determined to get a clearer indication on whether 

increased thrombotic risk is due to increased thrombus formation or decreased 

fibrinolysis. 

 Further investigation into the fibrinolytic process as well as the fibrin clot properties are 

needed, particularly in the white population in whom associations were found between 

CLT and blood pressure, oxidative stress and retinal venular widening. 

 Additional components of the oxidant-antioxidant system are needed to establish whether 

an impaired oxidant-antioxidant system exist in the black population and whether it is 

related to an impaired haemostatic profile, which may increase their susceptibility to CVD. 

Furthermore, investigation into the role of the inflammatory system and oxidative stress 

on the release of fibrinogen as well as the influence that oxidative stress may have on 

fibrinogen functionality is needed to determine to what extent oxidative stress may alter 

fibrinogen’s properties. 

 Emphasis must be placed on the investigation of the relationship between the haemostatic 

system and early microvascular changes, to identify early structural and functional 

changes that are accompanied by changes in the haemostatic system before the 

prominent onset of vascular disease. 
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 Larger prospective cohort studies that monitor the relationship between the haemostatic 

markers and cardiovascular function in young disease-free individuals are needed to 

determine which markers are early indicators of cardiovascular risk. Experimental studies 

are also needed to determine cause and effect of an impaired coagulation or fibrinolytic 

system on the cardiovascular system. By doing so, recommendations can be made for 

preventive and/or therapeutic interventions. 

5.7 Conclusion 

Evidence from this thesis confirm that the black population displays elevated ambulatory blood 

pressures, accompanied by a compromised oxidant-antioxidant system (increased serum 

peroxides and decreased GPx activity) and early vascular changes (decreased AVR, narrower 

CRAE and wider CRVE). The findings from this thesis further indicate that the black population 

has higher circulating haemostatic markers (vWF, fibrinogen, fibrin D-dimer, PAI-1) that is 

accompanied by a decreased fibrinolytic potential, which points towards a prothrombotic profile 

in the black South Africans. Moreover, the haemostatic markers were independently related to 

elevated blood pressures, a compromised oxidant-antioxidant system and retinal vessel calibres, 

suggesting that the prothrombotic state of the black population may contribute, at least in part, to 

the high cardiovascular and cerebrovascular risk observed in South Africa. 
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