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PREFACE 

This dissertation (The association of von Willebrand factor and its cleaving protease 

(ADAMTS13) with health behaviours in young black and white adults: The African-PREDICT 

study) is compiled according to the requirements for the degree Master of Health Sciences in 

Cardiovascular Physiology at the Potchefstroom Campus of the North-West University. The 

dissertation is compiled in the article format as described and recommended by the North-

West University. Following this format, the chapter outline is as follows:  

Chapter 1: Literature review, motivation, aim, objectives and hypotheses 

Chapter 2: Methodology 

Chapter 3: Manuscript  

Chapter 4: Summary of main findings and conclusion 

The manuscript is prepared for submission to the journal, Thrombosis Research. There are 

no strict requirements on reference formatting at submission for this journal, therefore 

Vancouver style was used for all the chapters of the dissertation.  
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SUMMARY 

Motivation 

Stroke is the second leading cause of death worldwide. In South Africa, the stroke incidence 

and mortality rate increased significantly in the last 30 years. Elevated plasma levels of the 

multimeric glycoprotein, von Willebrand factor (vWF) are associated with an increased risk of 

stroke and other cardiovascular diseases. vWF is responsible for inducing platelet adhesion 

and aggregation at sites of vascular injury, and for the protection of the blood-clotting 

protein, Factor VIII from proteolysis. vWF is regulated by ADAMTS13 (A Disintegrin And 

Metalloproteinase with a ThromboSpondin type 1 motif, member 13) that cleaves vWF into 

smaller, less reactive molecules.  

Previous reports suggest that modifiable lifestyle factors such as physical activity, diet and 

smoking can contribute to the variation in plasma levels of haemostatic markers. Taking into 

account the shift towards unhealthy lifestyles in the youth, we investigated the associations 

between vWF and ADAMTS13 with health behaviours, namely physical activity, alcohol 

consumption, smoking, obesity, salt intake, and socio-economic status in young black and 

white adults from South Africa.   

Methods 

This study made use of the baseline data of the African-PREDICT study. We included 602 

black and 594 white young adults aged 20-30 years. General Health and Demographic 

Questionnaires were used to report information on socio-economic status (SES), tobacco 

use, alcohol intake, and contraceptive use. Anthropometric measurements including weight, 

height and waist circumference were taken, and body mass index (BMI) was calculated. To 

determine physical activity, accelerometry was used by means of an ActiHeart monitor. 

Clinic and 24-hour blood pressure measurements were conducted using standard methods. 

Fasted citrated blood samples were used for the analysis of vWF:Ag and serum samples 

were used to measure ADAMTS13, cotinine and gamma-glutamyl transferase (GGT). 

Twenty four-hour urine samples were used to estimate daily salt intake. 

Results 

Black adults had higher vWF:Ag and lower ADAMTS13 levels compared to whites (all 

p<0.001). Multiple regression analyses were carried out in the total group and then within 

each ethnic group. In the total group, vWF:Ag associated positively with BMI (β=0.09; 

p=0.037), while ADAMTS13 associated negatively with BMI (β=-0.10; p=0.016) and cotinine 

(β=-0.09; p=0.029); and positively with GGT (β=0.14; p=0.002). The vWF:Ag associated 
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negatively with black ethnicity (β=-0.25; p<0.001) while ADAMTS13 associated positively 

with white ethnicity (β=0.23; p<0.001). When exploring within each ethnic group, vWF:Ag 

associated positively with estimated salt intake (β=0.12; p=0.043) only in the black group, 

and with BMI (β=0.14; p=0.023) only in the white group. Whereas, ADAMTS13 associated 

positively with GGT (β=0.22; p=0.003) and negatively with cotinine (β-0.14; p=0.041) in the 

white group. 

Conclusion 

We found ethnic-specific associations between vWF and ADAMTS13 with obesity, salt 

intake, and smoking. Black individuals may have an increased thrombotic risk than whites, 

suggested by higher vWF:Ag and lower ADAMTS13 levels. Our findings suggest that in this 

young healthy population lifestyle factors already play a role in determining cardiovascular 

risk, thereby confirming the importance of maintaining a healthy lifestyle throughout ones’ 

lifespan. 
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1. Introduction 

Thrombotic events, such as stroke, are one of the leading causes of morbidity and mortality 

in both developed and developing countries (1, 2). Over the last three decades, ischaemic 

and haemorrhagic stroke incidence has more than doubled in low- and middle-income 

countries (3). Studies conducted in rural South Africa reported a high prevalence of stroke 

(4, 5), with Maredza et al. reporting an increase in stroke mortality rate of 114 per 100 000 

person-years during 2007-2011 compared to 87 per 100 000 person-years from 1990-1994 

(4). Von Willebrand Factor (vWF) is a primary protein secreted during the early stages of the 

haemostatic process and plays an important role in thrombus formation. Prior studies 

indicated that high levels of vWF are linked to an increased risk of thrombosis and 

thrombotic events (6, 7). Plasma levels of vWF are regulated by ADAMTS13 (A Disintegrin 

And Metalloproteinase with a ThromboSpondin type 1 motif, member 13) (8). High vWF and 

low ADAMTS13 levels have been associated with an increased risk of cardiovascular 

mortality (9).   

2. Von Willebrand factor and its cleaving protease, ADAMTS13 

2.1 Von Willebrand factor 

Von Willebrand Factor is a large multimeric glycoprotein that is largely synthesised by 

endothelial cells and platelets (10), and is found in blood and sub-endothelial connective 

tissue (11). Newly synthesised vWF multimers are stored in Weibel-Palade bodies of 

endothelial cells and α-granules of platelets, and are secreted as a series of ultra-large 

multimers in response to vascular injury (12-14). The normal concentration range of 

circulating plasma vWF is 50-200 IU per dL (15). The vWF plays an important role in primary 

haemostasis by inducing platelet adhesion and aggregation at sites of vascular injury, and it 

serves as a carrier for the blood-clotting protein, factor VIII (FVIII) (14, 16, 17). The size and 

structure of vWF multimers in the circulation correlates with its prothrombotic activity, where 

the higher molecular weight multimers indicate a stronger activity whereas a lower molecular 
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weight multimers have reduced haemostatic potential (18). As plasma levels of vWF 

increase in high shear stresses and when the endothelium is damaged, it is considered to be 

a good marker for endothelial dysfunction (19). 

The large multimeric protein, vWF, is composed of over 80 identical subunits with a 

molecular mass of 250 kDa, each consisting of 2050 amino acid residues and up to 22 

carbohydrates chains, making up different domains with specific functions (20) (Figure 1). 

There are four repeated domains (domain A, B, C and D) making up each of the vWF 

subunits arranged in the sequence: D1-D2-D’-D3-A1-A2-A3-D4-B1-B2-B3-C1-C2-CK (20). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic diagram of von Willebrand factor showing vWF multimers, dimer and 
monomer with its functional domains and major binding sites. Adapted from De Meyer el al 
(21). 

Domains D1 and D2 constitute the amino-terminal pro-polypeptide and the rest of the 

domains constitute the mature peptide which is generated upon proteolytic processing (22). 

The vWF D’D3 domain binds to FVIII (23) protecting it from proteolysis, and therefore, 
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maintaining its survival in the circulation, as FVIII is rapidly removed from the circulation in 

the absence of vWF (24). The A1 domain binds to platelet glycoprotein Ibα (GPIbα) receptor, 

heparin, as well as collagen which also binds to the A3 domain (25). In response to an 

increase in shear stress, the A2 domain undergoes translation and exposes the cleaving site 

of vWF for its cleaving protease ADAMTS13 (26). This glycoprotein is regulated by the 

protease, ADAMTS13, a metalloprotease belonging to the ADAMTS family (8). The highly 

thrombogenic ultra-large vWF multimers are cleaved by ADAMTS13 into smaller, less 

reactive molecules (8, 27). 

2.2. ADAMTS13 (A Disintegrin And Metalloproteinase with a ThromboSpondin 

type 1 motif, member 13) 

The ADAMTS13 is a plasma enzyme that is predominantly expressed in the liver and is 

produced by hepatic stellate cells (28), endothelial cells (29) and platelets upon activation 

(30). It is secreted into the circulation as an active enzyme and circulates at a plasma 

concentration of approximately 5 nM (31, 32). The major role of ADAMTS13 is to cleave the 

highly reactive large vWF multimers into smaller less reactive ones (33). By regulation of 

vWF, ADAMTS13 helps to maintain the delicate balance between bleeding and thrombosis 

(34).  

The structure of ADAMTS13 is similar to that of the other members of the ADAMTS family of 

metalloprotease (35). The complete amino-acid sequence of ADAMTS13 consists of a signal 

peptide (S), a propeptide (P), a metalloprotease domain (M), a disintegrin-like domain (Dis), 

a first thrombospondin-1 repeat (TSP1), a cysteine-rich domain (Cys-R), an ADAMTS spacer 

(Spa), the 7 additional TSP1 repeats and 2 CUB domains (27, 36) (Figure 2).  
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Figure 2: Schematic diagram of ADAMTS13, showing its structural domains and binding 

sites. Adapted from Lancellotti et al. (27). 

Data obtained from a study on the structure of ADAMTS13 suggest that several structural 

domains of this protein play a role in the complex and regulated interaction with vWF (37). 

De Groot et al. proposed that the tight binding of ADAMTS13 and vWF is provided by the 

cysteine rich and spacer domain interaction with vWF A2 domain (38). However, this 

interaction is not enough for proteolysis to occur, and therefore, weaker binding between the 

disintegrin-like domain of ADAMTS13 with vWF assists with positioning the Ty1650-Met1606 

bond into the active-site cleft resulting in the cleavage of vWF (38). 

3. Health implications related to vWF and ADAMTS13 plasma levels 

Imbalances in vWF and ADAMTS13 plasma levels were reported to have adverse clinical 

implications (39). Deficiency in vWF causes the most common bleeding disorder called von 

Willebrand Disease (40) which result in excessive bleeding (41), whereas, high plasma 

levels of vWF result in thrombotic events, such as ischaemic stroke and atherosclerosis (42). 

Deficiency in ADAMTS13 causes thrombotic thrombocytopenic purpura (TTP) (43), a 

thrombotic disorder characterised by a very low blood platelet count, microangiopathic 

haemolytic anaemia, and thrombocytopenia (44). A number of studies have highlighted the 

relationship between the plasma levels of these two proteins and their association with 

several cardiovascular diseases (CVD) (39, 45-47). High vWF and low ADAMTS13 plasma 

levels were found to be associated with an increased risk of CVD including coronary heart 

disease, myocardial infarction and ischemic stroke (9, 45, 48). Elevated vWF levels in the 

S P M Dis 1 Cys-R Spa 2 3 4 5 6 7 8 CUB1 CUB2 

Cleaving vWF vWF-A2 domain binding D4-CK binding 
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presence of very low ADAMTS13 levels were found to accelerate the formation of platelet 

thrombi under high fluid shear stress (49). 

4. Factors influencing vWF and ADAMTS13 plasma levels 

4.1. ABO Blood groups  

The levels of vWF are known to differ between the ABO blood groups (50), with individuals 

in the blood group non-O (A, B and AB) generally having higher levels of vWF compared to 

individuals with blood group-O (50-53). Probable mechanisms have been proposed through 

which blood groups influence vWF levels. One of the mechanisms is the survival and half-life 

of vWF which depends on its clearance in the circulation (54). In individuals with blood 

group-O, vWF was found to have a shorter survival with decreased half-life and a higher 

clearance which was attributed to the varying carbohydrate structure of plasma glycoproteins 

compared to the non-O group (54). The ABO blood groups were further shown to influence 

vWF directly through its functional effect of the ABO locus (55). The ABO antigen mediate its 

effect   The ADAMTS13 plasma levels were also found to be depended on blood group, and 

in contrast to vWF, individuals with blood group-O were found to have higher plasma levels 

of ADAMTS13 compared to the non-O group (56). The rate at which ADAMTS13 cleaves 

vWF was also found to be greater in blood group-O compared to group non-O (57). 

According to these findings, individuals with blood group-O had higher ADAMTS13 activity, 

proposing another mechanism by which ABO blood groups influenced plasma levels of vWF. 

Despite this evidence, studies focusing on ADAMTS13 did not observe differences between 

the ABO blood groups and plasma levels of ADAMTS13 (51, 58), however, these studies 

focused on the plasma levels and not the activity of ADAMTS13. 

4.2. Ethnicity 

Variation in vWF levels is also seen in different ethnic groups, with black populations having 

higher levels of this protein (59-63). Miller et al. found black women to have significantly 
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higher FVIII and vWF levels with consequently, a lower ADAMTS13 activity when compared 

to white women (59). These results are consistent with those of a South African-based study 

in which a significant difference was found in vWF and FVIII levels between black and white 

women, with black women having higher vWF and FVIII levels. In the same study, vWF and 

FVIII levels were also significantly higher in black women when compared to Indian women, 

but no difference was found between Indian and white women (60). In all the ethnic groups, 

individuals with blood group-O showed significantly lower levels of FVIII and vWF, and this 

correlates with the increased risk of bleeding disorders seen in individuals with blood group-

O, and their reduced incidence of thrombosis (64).  

4.3. Health behaviours 

It is well known that lifestyle behaviour plays an important role on health outcomes, in which 

healthy lifestyle behaviours may improve health and prolonged life expectancy while 

unhealthy lifestyle choices may have an adverse effect (65). Lifestyle behaviours such as 

smoking were found to increase the concentrations of vWF and decrease those of 

ADAMTS13 (66, 67). In South Africa, there is a significant gap in socio-economic status 

(SES) between black and white populations, with a majority of black individuals falling within 

a low SES and whites in the high SES (68, 69). Previous studies have suggested that black 

individuals are more likely to drink and abuse alcohol (70), live a sedentary lifestyle (71, 72) 

and have a higher prevalence of obesity (73, 74) compared to white individuals. Black men 

were also reported to have a higher prevalence of smoking compared to white men (75, 76), 

and a majority of older black women (aged 35 – 65 years) were reported to consume more 

salt as compared to white women (77). These health behaviours are briefly described below 

in relation to their association with vWF and ADAMTS13, and to the best of our knowledge, 

there is no information available on the association of ADAMTS13 with physical activity, 

alcohol consumption, salt intake and SES. 
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4.3.1. Physical activity  

Regular physical activity is known to decrease blood pressure, lower fat mass, and improve 

body fat distribution (78, 79). Studies have demonstrated a strong relationship between an 

increase in physical activity and reduction in cardiovascular risk (80-82). A study 

investigating the effects of strenuous exercise on haemostasis found strenuous exercise to 

increase endothelial activation leading to an increase in vWF plasma levels (83). This study, 

together with other cross-sectional studies reported that excessive physical activity has a 

pro-thrombotic effect by increasing plasma levels of FVIII and vWF, platelet reactivity, and 

activation of the immune system (84-87). Other studies have yielded conflicting results, and 

this may have been due to variation in the methodology used, type of exercise, intensity, 

duration and the population studied. In a British study including elderly men aged 60-70 

years, physical activity was found to be inversely associated with vWF levels (88). Physical 

activity can thus, either produce favourable or detrimental health outcomes depending on the 

aforementioned factors. In a study including 105 healthy individuals aged 18-35 years, both 

vWF:Ag and ADAMTS13 levels were found to increase after exhaustive physical activity 

(89). These findings confirmed findings from a previous study in individuals with type 1 and 

type 2B von Willebrand disease (90) in which vWF levels were reported to increase after 

physical activity in both the control and type 2B von Willebrand disease group, and 

ADAMTS13 only increased in the type 2B group. 

4.3.2. Alcohol consumption   

Similar to physical activity, the effect of alcohol consumption on health outcome is not 

uniform across diseases. Much focus has been placed on the distribution of drinking patterns 

(quantity per occasion and frequency) as this can determine the level of harm within a 

population (91). For example, moderate alcohol consumption (2 drinks or less per day) is 

associated with lower risk of myocardial infarction and cardiovascular mortality compared to 

teetotalism (92-94). However, excessive alcohol consumption or heavy drinking (3 or more 



Chapter 1 
 

9 
 

drinks per day) increases cardiovascular risks, including stroke (94). In a study, self-reported 

moderate alcohol intake was shown to slightly decrease vWF levels, in which 2-6 glasses of 

drinks per week resulted in the highest decrease (95). Levels were also lower in drinkers 

compared to individuals who do not drink.   

4.3.3. Smoking 

Smoking is one of the major causes of cardiovascular diseases including stroke, coronary 

heart disease, peripheral vascular disease, and aortic aneurysm (96, 97). It has also been 

associated with atherosclerosis by compromising the integrity of the vascular wall, 

contributing to endothelial dysfunction (98, 99). In an older population, men who smoke, with 

a mean age and range of 36.5 (20-75) years were found to have significantly higher vWF 

compared to non-smokers (100). However, in the same study, no significant difference in 

vWF levels was found between women who smoked and non-smokers. It was postulated 

that this may have been due to a low cigarette consumption rate in women compared to 

men, and the small number of women who smoked in the study. In a study among Arab 

males, acute smokers who were asked to smoke one cigarette immediately before blood 

collection, were reported to have significantly higher levels of both vWF and ADAMTS13 

plasma levels and activity compared to smokers (at rest) who refrained from smoking for 8 

hours. Smokers at rest also had lower vWF and ADAMTS13 activities compare to non-

smokers (67). In two young populations aged 14-35 and 18-28 years, ADAMTS13 plasma 

levels were found to be significantly lower in smokers compared to non-smokers in both 

groups, despite the smaller fraction of smokers in the first group (101). 

4.3.4. Salt intake  

High salt intake is one of major determinants of high blood pressure, and it is associated with 

unfavourable health outcomes including cardiovascular mortality (102). Changes in salt 

intake are associated with corresponding changes in blood pressure (103). The risk of 

cardiovascular diseases increases with an increase in blood pressure (104), and therefore it 
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is important to control salt intake. A dietary salt consumption of no more than 5 g/day was 

suggested by the World Health Organization in an effort to alleviate the risks of CVD 

including haemorrhagic stroke (105). In 2010, 1.65 million global annual deaths resulting 

from cardiovascular complications were attributed to excessive dietary salt intake (102). 

Black individuals were found to be more salt sensitive when compared to white individuals 

(106). A positive relationship was shown between increased sodium intake and vWF levels 

(6). Sodium was reported to increase the production and secretion of vWF by the endothelial 

cells, leading to elevated vWF plasma levels (6). 

4.3.5. Obesity 

The prevalence of obesity is widely increasing, making it a major global health problem 

(107). Obesity is associated with glucose intolerance, type 2 diabetes, hypertension and 

other cardiovascular diseases (108, 109). In a study by Garcia et al. (110) investigating 

factors associated with platelet activation in obese children, vWF plasma levels were found 

to be elevated in obese children compared to non-obese children. Plasma levels of 

ADAMTS13 have been suggested to be low in obese individuals, and obesity independent of 

race and sex, was found to be a risk factor for the development of TTP (111). In a study 

investigating the changes induced by weight loss after bariatric surgery or medical therapy 

(diet and physical activity) in obese individuals, weight loss was shown to improve the 

inflammatory and haemostatic profile by significantly reducing anti-ADAMTS13 

autoantibodies and thrombospondin-1 (112).  

4.3.6. Socio-economic status 

Socio-economic status is interrelated with all the other aforementioned lifestyle factors (69, 

113, 114), with socio-economically disadvantaged individuals being more likely to 

experience heavier drinking patterns, to smoke, and to have a poor diet while living a 

sedentary lifestyle (69, 113, 115). Individuals at the top of the SES hierarchy, defined by high 

income, having educational qualification, and a good occupation are more likely to have a 



Chapter 1 
 

11 
 

healthy diet, drink less and exercise regularly (116-118). In a United State-based study, men 

with more years of education, smoked less compared to those with minimal education (119). 

However, in a study done on university students, undergraduates with a high SES were 

found to be more likely to smoke marijuana or use varied drugs and frequently consume 

alcohol to cope with academic stress (120). Men in lower SES were found to have higher 

haemostatic markers including vWF compared to men in higher social class groups (121). 

To the best of our knowledge, there is no information available on the association between 

SES and ADAMTS13. 

5. Problem statement and motivation  

Lifestyle risk factors such as smoking, alcohol consumption, high salt intake, obesity and 

physical activity have adverse effects on health outcomes. These lifestyle factors were 

reported to be risk factors for CVD via several mechanisms, including changes in 

haemostasis (6, 122). Plasma concentrations of vWF and ADAMTS13 have significant 

clinical implications. Elevated levels of vWF accompanied by low levels of ADAMTS13 have 

been associated with ischemic stroke and myocardial infarction (39, 123, 124). Lifestyle risk 

factors have been suggested to contribute to the variation in plasma levels of haemostatic 

factors including vWF in older men (121, 125), however, limited information is available on 

the role of these lifestyle factors on vWF and ADAMTS13 in healthy young people. The 

transition from healthy dietary intake and physical activity to a higher salt/fat/sugar intake 

and sedentary lifestyle, driven by urbanisation is alarming (126, 127). Taking into account 

this rapid transition and lifestyle deterioration, it would be important to investigate the 

associations between the aforementioned health behaviours and haemostatic biomarkers, 

known to predict cardiovascular outcome, namely plasma vWF and ADAMTS13. It is 

important to investigate these factors in young people, in whom interventions in lifestyle can 

be instigated to address and prevent future CVD development. Furthermore, based on 

previous evidence, black populations have a higher risk for hypertension and stroke (128) 

and generally have higher plasma levels of FVIII and vWF (59). Therefore, it would be 
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important to determine the associations between vWF and ADAMTS13 with health 

behaviours, particularly in this vulnerable population.  

6. Aim, Objectives and Hypotheses 

6.1 Aim  

The aim of this study was to determine whether circulating vWF antigen and ADAMTS13 

concentrations are associated with lifestyle behaviours namely physical activity, alcohol 

consumption, smoking, obesity, salt intake, and socio-economic status in young black and 

white adults participating in the African-PREDICT study.  

6.2 Objectives 

The objectives of this study are: 

• To compare the circulating vWF antigen and ADAMTS13 concentrations, as well as 

health behaviours between black and white participants. 

• To determine if associations exist between circulating vWF antigen and ADAMTS13 

concentrations and health behaviours including physical activity, alcohol 

consumption, smoking, obesity, salt intake as well as socio-economic status. 

6.3 Hypotheses  

Based on the literature the following hypotheses were formulated: 

 vWF:Ag will be higher and ADAMTS13 will be lower in black individuals compared to 

whites. 

 Black participants will have higher levels of smoking, alcohol consumption, salt 

intake, obesity, and lower levels of physical activity and SES compared to white 

participants. 

 vWF:Ag will be positively and ADAMTS13 will be negatively associated with: 
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 Smoking 

 Obesity 

 Alcohol consumption 

 Salt intake 

 vWF:Ag will be negatively and ADAMTS13 will be positively associated with: 

 Physical activity 

 SES 
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1. Study design and participants 

The African Prospective study on the Early Detection and Identification of Cardiovascular 

disease and Hypertension (African-PREDICT) is a longitudinal study that aims to identify and 

understand early pathophysiology changes in cardiovascular function, and specific markers 

or predictors contributing to the development of hypertension and target organ damage (1). 

The African-PREDICT study (NWU-00001-12-A1) and this sub-study (NWU-00029-19-A1) 

obtained ethics approval from the Health Research Ethics Committee of the North-West 

University, and all procedures were in adherence with the institutional guidelines and the 

Declaration of Helsinki. African-PREDICT is registered on ClinicalTrials.gov (NCT03292094).  

Participants were recruited in and around the city of Potchefstroom, in the JB Marks local 

municipality, North West Province, South Africa (Figure 1). A total of 1202 young healthy 

black and white individuals, men and women (aged 20-30 years) were included and will be 

followed every 5 years over a 10-year period. This current study made use of existing 

baseline data of the African-PREDICT study. We excluded participants with incomplete 

vWF:Ag and ADAMTS13 data (n=6).  

 

Figure 1: Map of South Africa indicating the city of Potchefstroom in the North-West 
Province and surrounding areas in which recruitment was conducted (2) 
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An individual was defined as healthy when they had normal clinical blood pressure (brachial 

systolic blood pressure (SBP) <140 and diastolic blood pressure (DBP) < 90 mmHg; was 

human immunodeficiency virus (HIV) uninfected; no history of self-reported disease 

diagnosis or medication for chronic disease; not pregnant or breastfeeding. Participant 

selection was balanced and stratified into sex, ethnicity (black and white) and socio-

economic status (low, middle, high). 

1.1 Organisational Procedures 

Recruited individuals gave written informed consent and were screened for eligibility for 

participation in this study. Screening took place within the Hypertension Research and 

Training Clinic at the Physiology building F11, on the Potchefstroom campus of the North-

West University or at the participants’ workplace. For eligibility, participants had to meet the 

inclusion criteria indicated in Table 1. 

Table 1: Detailed eligibility criteria and justification for the African-PREDICT study 

Exclusion criteria Justification 

1. Self-reported Indian, Asian, mixed origin 

ethnicity 

Black populations present with very high 

blood pressure compared to other 

populations, and is therefore investigated in 

this study, the white population is used as a 

comparison group. Our focus is thus on 

ethnic differences between the black and 

white populations. 

2. Not permanent resident of Potchefstroom 

or surrounding areas or not intending to 

return regularly to this area 

Due the longitudinal nature of the study, 

researchers make sure that participants can 

be followed over the required time period. 

3. Inability to read or understand English 

 

Psychological questionnaires formed part of 

the larger African-PREDICT study. To 

complete these questionnaires English 

proficiency was required. 

4. Previously diagnosed with Type 1 or 2 

Diabetes Mellitus 

5. Elevated glucose >5.6 mmol/L 

Individuals with any known diseases or risk 

factors that may influence cardiovascular 

health were excluded. 
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(confirmed glycated haemoglobin (HbA1c) 

≥ 6.5%) 

6. HIV or other known infectious disease 

7. Fever (ear temperature > 37.5°C on the 

research day) 

8. Previously diagnosed liver disease, 

cancer, tuberculosis or renal disease 

9. Microalbuminuria > 30 mg/ml in spot 

morning urine or proteinuria 

10. Medication use for chronic disease, i.e. 

antihypertensive, anti-diabetic, antiretroviral 

or anti-inflammatory medication 

 

11. Self-reported pregnancy or women who 

breastfeed. 

Due to the known effects of hormones on 

cardiovascular health, pregnant and 

lactating women were not included. 

Pregnancy also changes the plasma levels 

of many clotting factors and would therefore 

influence the findings. 

12. Recent surgery or trauma (within the 

past three months). 

Individuals with any known diseases or risk 

factors that may influence cardiovascular 

health were excluded. 13. Self-reported previous history of stroke, 

angina pectoris or myocardial infarction. 

14. Phobia for needles (used during blood 

sampling). 

Since the measurement of biomarkers in 

blood samples was an important objective 

of the study, it was required that research 

participants were able and willing to provide 

a blood sample. To avoid any anxiety and 

incidents during blood sampling in 

individuals with a phobia for needles, such 

individuals were excluded. 

 

All participants were given feedback by a research nurse in a private room, and referrals for 

appropriate medical care were made if required. Participants who were eligible for 

participation were invited to take part in the research study and were provided with a detailed 

participant information leaflet detailing measurements that were involved.  
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A maximum of four participants were accommodated per day to ensure detailed and quality 

measurements. Participants were required to fast from 10:00 pm the evening before the day 

of the study and were transported (free of charge) from their homes to the hypertension 

clinic, arriving at approximately 08:00 am in the morning. Participants were familiarised with 

the research environment and experimental set-up, and the procedures of the 

measurements were again explained to them. Written informed consents were then obtained 

by the research nurse from all participants. After blood sampling, anthropometry, bio-

impedance and a set of cardiovascular measurements were done. Participants were 

provided with a light meal, and, at approximately 01:00 pm, transport was provided to all 

participants to return home.  

2. Methodology 

2.1 Questionnaires  

Participants completed a general health and demographic questionnaire with the help of 

either a research nurse, trained research assistant or postgraduate students. The 

questionnaire was done one-on-one in the clinic and was completed online on a web-based 

program and age, sex, ethnicity, alcohol consumption and tobacco use, contraceptive use 

and socio-economic status (SES) were reported.  

The SES was calculated using a point system that was adapted from Kuppuswamy's SES 

Scale 2010 (3) for a South African environment. The adapted version scored participants in 

three categories: skill level; education; and household income. Skill level was classified 

according to the South African Standard Classification of Occupation (SASCO). These three 

factors were scored as continuous variables, and used to categorise participants into low, 

middle, and high socio-economic groups.  
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2.2 Cardiovascular measurements 

All cardiovascular measurements were done in temperature controlled and private 

assessment rooms to ensure participants were comfortable, and to provide the participant 

with the necessary privacy. Clinic brachial blood pressure measurements were conducted 

using the Dinamap Procare 100 Vital Signs Monitor (GE Medical Systems, Milwaukee, USA) 

with an appropriately sized GE Critikon latex-free Dura-Cuff. Prior to the measurement being 

performed, participants were requested to not have smoked, exercised or eaten at least 30 

minutes beforehand and were required to be in a seated resting state with the arm supported 

at heart level. It was important for the participants to be correctly seated and rested (Figure 

2), as talking, crossing legs and unsupported back and arm during blood pressure 

measurement could raise the blood pressure (4). The first measurement was taken on the 

left arm after the participant was seated calmly for 5 minutes. Thereafter, blood pressure 

was taken on the right arm in duplicate with a 5-minute interval in between the 

measurements. Systolic blood pressure and diastolic blood pressure were captured for each 

measurement. 

           

Figure 2: Correct posture for blood pressure measurement. Courtesy of OMRON Healthcare 
Europe B.V. / Copyright 2019 
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The 24-hour blood pressure was measured using an ambulatory blood pressure monitor 

(ABPM) (Card(X) plore, Meditech, Budapest, Hungary). An appropriately sized cuff was fitted 

to the participant’s non-dominant arm and instructions were given to participants on how to 

ensure successful inflations across the 24-hour time period. The ABPM apparatus was 

programmed to measure blood pressure in 30-minute intervals during the day (06:00 to 

22:00) and hourly during the night (22:00 to 06:00). An ambulatory diary card, recording 

information that could influence blood pressure was distributed and completed by 

participants during the 24-hour duration of the measurements. Over the 24-hour period that 

ambulatory devices were worn by participants, 87.3% successful mean inflation rate was 

achieved for this MHSc study sample.  

2.3 Anthropometric measurements and physical activity  

All anthropometric measurements were done by trained researchers in a private room, with 

participants wearing minimal clothing to ensure accuracy. Body weight (kg) was measured to 

the nearest 0.01 kg using the SECA 813 electronic scale (SECA, Hamburg, Germany), and 

height (m) was measured using SECA 213 stadiometer (SECA, Hamburg, Germany). Waist 

circumference (WC) (cm) was measured in triplicate using a non-flexible tape measure 

(Holtain, Crymych, UK), and recorded to the nearest 0.1 cm. The median of the three 

recordings was used in subsequent analyses. The body mass index (BMI) was calculated 

using the standard (weight (kg)/height (m2)) calculation, and the waist-to-height ratio was 

calculated using WC (cm)/height (cm). All measurements were done following the guidelines 

of the International Society for the Advancement of Kinanthropometry (5). These 

anthropometric measurements are determinants of obesity, which have been shown to be 

related to increased plasma levels of vWF and decreased ADAMST13 (6).  
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Figure 3: Anthropometric measurements for the African-PREDICT study 

To determine physical activity and to capture the changes in heart rate during normal 

everyday activities, participants were asked to wear an ActiHeart physical activity monitor 

(CamNtech Ltd, England, UK) for a maximum of 7 consecutive days. This device recorded 

heart rate, inter-beat-interval as well as physical activity. Data collected was downloaded 

and cleaned with the relevant ActiHeart software. The recorded activity energy expenditure 

(AEE) was used as an independent variable, as strenuous physical activity was found to 

increase vWF levels (7).   

2.4 Biological sampling and biochemical measurements 

Blood samples were taken by a registered nurse with a sterile winged infusion set and 

syringes from the antebrachial vein into different blood sample tubes; serum, sodium fluoride 

(NaF), ethylenediaminetetraacetic acid (EDTA), and citrate blood tubes. Once the research 

nurse had taken the samples, a research assistant, trained in the handling of biological 
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samples (using latex gloves), collected the samples in the hypertension clinic and placed the 

NaF with some of the EDTA sample tubes in a closed container with ice to minimize 

glycolysis and other metabolic processes that continue within blood samples after they are 

collected. Other samples were placed in a closed container with no ice. The samples were 

taken immediately to the on-site temperature-controlled laboratory. The samples were then 

centrifuged, and the plasma was aliquoted into cryovials for short- and long term (screw cap) 

storage in biofreezers at -80°C. This was done by trained postgraduate students and a 

laboratory intern under the supervision of the qualified laboratory manager. All staff and 

students handling biological samples underwent extensive training by the laboratory 

manager to reduce any risks to the laboratory students and to ensure quality of results.  

Blood groups were determined with a finger prick rapid test using Anti-A; Anti-B and Anti-D 

monoclonal reagents (ProMab Biotechnologies, Inc., USA) during screening. In the 

laboratory, full blood count was performed in whole blood samples using Coulter AcT5 diff 

OV Haematology analyser (Beckman Coulter, Brea, CA, US) on the same day that the blood 

samples were drawn. 

Participants were also asked to collect a 24-hour urine sample on a day that was convenient 

to them within 7 days after they visited the hypertension clinic, and the day was noted. The 

first urine of the day was to be discarded and all the urine passed thereafter was collected in 

the provided container. The participants were asked to store the sample in a cool dark place 

until a research assistant came to collect it after the 24-hour period. All samples were 

immediately taken to the onsite laboratory and aliquoted into 1.5ml cryovials and stored in 

biofreezers at −80°C until analysis. The protocol for 24-hour urine collection followed that of 

the Pan American Health Organization/ World Heal Organization protocol for population level 

sodium determination in 24-hour urine (8). Incomplete urine collections were defined as a 

volume less than 300 ml per 24-hour and/or a 24-hour creatinine excretion of > 4 mmol or < 

25 mmol in women and > 6 mmol or < 30 mmol in men (9). 
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Samples were stored in the biofreezer in the F12 Physiology building until appropriate 

analyses were performed. All biochemical variables were tested for intra- and inter-assay 

variability to ensure specificity, sensitivity and reliability. Intra-assay variability should be 

<10%, whereas inter-assay variability should be <20%. For analysis, serum samples were 

taken out of the biofreezers, and taken into the laboratory by trained postgraduate students 

or laboratory intern. In the laboratory, samples were defrosted and used in a Cobas Integra 

400plus (Roche Basel, Switzerland) to analyse for low-density lipoprotein-cholesterol (LDL-

C) (intra- and inter-assay variability were 1.5% and 1.90%, respectively), high-density 

lipoprotein- cholesterol (HDL-C) (intra- and inter-assay variability were 1.13% and 1.00%, 

respectively), total cholesterol (TC) (intra- and inter-assay variability were 0.51% and 1.90%, 

respectively), triglycerides (intra- and inter-assay variability were 1.6% and 1.90%, 

respectively), and serum high-sensitivity C-reactive protein (hs-CRP) (intra- and inter-assay 

variability were 1.3% and 3.5%, respectively). Glucose (intra- and inter-assay variability were 

1.8% and 2.1%, respectively) was measured in fluoride plasma. 

Gamma-glutamyltransferase (GGT) was also determined in serum using the Cobas Integra 

400plus (Roche, Basel, Switzerland). The intra- and inter-assay variability for GGT were 

1.8% and 1.8%, respectively. GGT is considered to be a biomarker of alcohol use and abuse 

(10), and moderate alcohol consumption was found to have an influence of the haemostatic 

profile by decreasing vWF levels (11, 12). Serum samples were used to measure a nicotine 

metabolite called cotinine using the chemiluminescence method on the immulite (Siemens, 

Erlangen, Germany). Intra- and inter-assay variability for cotinine were 10.7% and 5.5%, 

respectively. Cotinine is considered as a biomarker of both passive exposure and active 

smoking (13). Smoking was found to increase the plasma levels of vWF and ADAMTS13 

(14), and therefore, cotinine is one of the independent variable. 

Twenty four-hour urinary sodium (intra- and inter-assay variability were 0.29% and 0.89%, 

respectively), potassium (intra- and inter-assay variability were 0.29% and 0.89%, 

respectively) and chloride (intra- and inter-assay variability were 0.69% and 1.3%, 
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respectively) were measured by means of ion-selective electrode potentiometry on the 

Cobas Integra® 400 plus (Roche, Basel, Switzerland) and creatinine (intra- and inter-assay 

variability were 1.4% and 2.5%, respectively) concentrations were measured using the 

Creatinine Jaffé Gen.2 reagent (Roche, Basel, Switzerland). Daily urinary sodium and 

potassium excretion (mmol/d) were calculated by multiplying the sodium, potassium and 

creatinine concentrations (mmol/l) of the 24-hour urine by the total 24hr volume of urine (in 

litres) (15). Daily salt intake was estimated from 24-hour urinary sodium excretion by 

converting sodium in mmol to mg: sodium (mmol) x 23= sodium (mg) and then applying the 

conversion: 1g salt (sodium chloride (NaCl)) = 390 mg sodium (15).  

Citrated samples were used for the analysis of von Willebrand factor (vWF) antigen, which 

was determined using an ELISA kit (DAKO, Glostrup, Denmark). Polyclonal rabbit anti-vWF 

antibody and rabbit anti-vWF-horseradish peroxidase (HRP) 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. Serum 

samples were used to measure ADAMTS13 as part of a bead-based multiplex 

immunoassay, which allows the simultaneous quantification of multiple markers. The intra- 

and inter-assay variability for ADAMTS13 were 1.27% and 4.33%, respectively. The 

MILLIPEX MAP Human Cardiovascular Disease Magnetic Bead Panel 2 (Merck Millipore, 

Darmstadt, Germany) were custom made to include ADAMTS13, growth differentiation 

factor-15 (GDF-15), myeloperoxidase (MPO), P-selectin, soluble cell adhesion molecule 

(sCAM), and soluble vascular cell adhesion molecule (sVCAM) related to CVD. These 

immunoassays were performed on a Luminex 200™ system (Luminex, Austin, TX, US), and 

a protocol found in the kits was followed to run the analyses. Samples could only be 

defrosted twice for analyses, and they were stored and destroyed as indicated in the 

informed consent.  
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Figure 4: Preparation of the African-PREDICT study blood and spot urine samples 

3. Statistical analyses 

3.1 Power calculations 

By using the G*Power 3.1.9.2 statistical analysis software (16), an effect size of 0.047 was 

calculated in a sample group of 600 participants to detect 95% power at an alpha error 

probability of 0.05. Hence, with a total study sample of 1202 participants, this sub-study had 

sufficient power to address the proposed research objectives. 

Table 2: Power analysis report 

F tests - Linear multiple regression: Fixed model, R² deviation from zero 

Analysis: Sensitivity: Compute required effect size  

Input: α err prob = 0.05 

 Power (1-β err prob) = 0.95 

 Total sample size = 600 

 Number of predictors = 15 

Output: Noncentrality parameter λ = 28.4369570 

 Critical F = 1.6835334 

 Numerator df = 15 

 Denominator df = 584 

 Effect size f² = 0.0473949 

 

Statistical analyses were performed using the IBM SPSS Statistics, Version 25 (IBM 

Corporation, Armonk, New York). 
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All variables were tested for normality using the Kolmogorov-Smirnov test and Shapiro-Wilk 

test, as well as graphical methods (histograms and q-q plots). In the case of non-Gaussian 

distribution, a logarithmic transformation was performed for each skewed variable and 

retested for normality. Normally distributed variables were reported as mean and standard 

deviation, and logarithmically transformed variables were presented by the geometric mean 

and 5th and 95th percentiles. 

Interactions of ethnicity was tested for the relationship between plasma levels of vWF and 

ADAMTS13 and health behaviours (physical activity, alcohol consumption, smoking, salt 

intake, obesity and SES). 

Chi-square test was used to compare categorical variables, and the variables were 

presented as frequencies and proportions. Independent T-tests were used to compare 

continuous variables between black and white participants and were reported as mean ± 

standard deviation if the variables followed a normal distribution, or geometric mean with 5th 

and 95th percentiles for log transformed data. 

Multivariable-adjusted linear regression was performed to determine whether plasma levels 

of vWF and ADAMTS13, as dependent variables are associated with the aforementioned 

health behaviours, as main independent variables. 

Bivariate correlations of the depended variables and health behaviours with a range of 

potential covariates were performed, to determine which variables to include in our final 

regression models. 

The detailed statistical procedures followed are reported in the methods section of Chapter 

3. 

4. Data handling 

The African-PREDICT study uses the REDCap (Research Electronic Data Capture, see 

http://project-redcap.org) system to capture all data elements (17). The Data Manager was 

appointed and trained to oversee REDCap. When using this system all laboratory 

http://project-redcap.org/
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specimens, evaluation forms, reports, data and other records are identified only by the 

participant number to maintain subject confidentiality. Only the Data Mananger, Head of the 

hypertension clinic and Principal Investigator have access to information linking participant 

numbers to participant names. Apart from the REDCap system, data are also backed up on 

password protected hard drives and all paper and computerised records are kept in a 

secured area. Clinical information will not be released without the participant’s written 

permission except as necessary for cleaning, monitoring, and statistical analysis by the 

authorised study team members or when the participant’s well-being is at risk. 

5. Ethical Considerations 

The risks to participants for participating in this study falls within the category of medium risk, 

and the possible risks related to the collection of the baseline data, was discussed and 

approved in previous HREC applications. Participants benefited directly from participation in 

the African-PREDICT since measurement results were made available to them. 

Minimal risk is involved in this sub-study since the data that will be used has already been 

gathered, and appropriate measures have been kept in place by the African-PREDICT study 

to ensure privacy and confidentiality of all participants. There is limited information on the 

role that lifestyle or health behaviours play in the plasma concentration of vWF and 

ADAMTS13, therefore the participants and South African population at large will indirectly 

benefit from the knowledge this study will provide. 

6. Contribution of MHSc student  

As a MHSc student, I was involved in the follow-up research measurements of the African-

PREDICT study and performed the following activities: 

 Laboratory work: I was responsible for blood and urine samples preparation and 

processing. I collected the samples from the hypertension clinic, centrifuged the 

blood samples, aliquoted samples into appropriate cryovials, and stored them in bio-
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freezers. I was also responsible for labelling the cryovials and cases in which the 

samples were stored in. Furthermore, I was involved in the biochemical analyses of 

these samples.  

 Data collection in the hypertension clinic: I was involved in obtaining pulse wave 

analysis and pulse wave velocity using Sphygmorcor XCEL device and 

electrocardiogram (data not included in this sub-study). I also contributed in obtaining 

clinic blood pressure readings using the Dinamap Procare 100 Vital Signs Monitor 

and 24-Hour ambulatory blood pressure, as well as physical activity measurements, 

using the Card(X)plore and Acti-heart devices, respectively. 

 Data capturing: I was also responsible for downloading and capturing of the data of 

the 24 hour BP and biochemical analyses. 

 Data analyses: I attended SPSS training and performed all analyses for the 

manuscript. 
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Abstract    

Introduction: Von Willebrand factor (vWF) plays an important role in maintaining normal 

haemostasis, and together with its cleaving protease, ADAMTS13, has been associated with 

increased risks of cardiovascular diseases. To reduce cardiovascular risks imposed by these 

markers from young ages knowledge on health behaviours that may affect their 

concentrations would be essential. We therefore, determined whether circulating vWF 

antigen and ADAMTS13 associate with health behaviours in young healthy adults.  

Materials and Methods: We included 602 black and 594 white adults aged 20-30 years and 

used questionnaires for socio-economic status (SES), tobacco and alcohol use data. The 

vWF:Ag was measured from citrated samples and ADAMTS13, cotinine and GGT from 

serum. Salt intake was estimated from 24-hour urine and body mass index (BMI) was 

calculated. 

Results: Black adults had higher vWF:Ag and lower ADAMTS13 levels compared to whites 

(all p<0.001). In multiple regression analyses in the total group, vWF:Ag associated 

positively with BMI (p=0.037), while ADAMTS13 associated negatively with BMI (p=0.016) 

and cotinine (p=0.029); and positively with gamma-glutamyl transferase (GGT) (p=0.002). 

When exploring within each ethnic group, vWF:Ag associated positively with estimated salt 

intake (p=0.043) only in the black group. In the white group, vWF:Ag associated positively 

with BMI (p=0.023), while ADAMTS13 associated positively with GGT (p=0.003) and 

negatively with cotinine (p=0.041).  

Conclusion: Young black adults may have an increased thrombotic risk due to higher vWF 

and lower ADAMTS13. Ethnic-specific associations between vWF:Ag and ADAMTS13 with 

salt intake, obesity, and smoking may have implications for public health initiatives to 

improve cardiovascular outcomes. 

Keywords: ethnicity, haemostasis, smoking, alcohol, salt, obesity 
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Abbreviations 

ABPM Ambulatory blood pressure monitor 

ADAMTS13 A Disintegrin And Metalloproteinase with a ThromboSpondin type 1 

motif, member 13 

AEE Activity energy expenditure 

African-PREDICT African Prospective study on the Early Detection and Identification of 

Cardiovascular Disease and Hypertension 

Ag Antigen 

BMI   Body mass index 

CVD   Cardiovascular diseases 

FVIII   Factor VIII 

GGT   Gamma-glutamyl transferase  

GDF   Growth differentiation factor 

HDL-C   High-density lipoprotein cholesterol 

HIV   Human immunodeficiency virus 

HRP   Horseradish peroxidase 

hs-CRP  High-sensitivity C-reactive protein 

LDL-C   Low-density lipoprotein cholesterol 

MPO   Myeloperoxidase 

n   Number of participants 

NaCl   Sodium chloride 

NAFLD  Non-alcoholic fatty liver disease 

SAMRC  South African Medical Research Council 

SARChl  South African Research Chairs Initiative 

sCAM   Soluble cell adhesion molecule 

SES   Socio-economic status 

sVCAM  Soluble vascular cell adhesion molecule 

TTP   Thrombotic thrombocytopenic purpura  

vWF   von Willebrand factor 
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WC   Waist circumference   
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Introduction  

Thrombotic events are one of the leading causes of morbidity and mortality globally (1, 2). 

Since thrombosis is intricately involved in the occurrence of ischaemic stroke and myocardial 

infarction, it is not unexpected that the prothrombotic factor, von Willebrand factor (vWF), is 

an independent risk factor involved in the pathogenesis of cardiovascular diseases (CVD) (3-

5). The vWF is a large multimeric glycoprotein that plays an important role in primary 

haemostasis by inducing platelet adhesion and aggregation at sites of vascular injury, and 

by acting as a carrier for factor VIII (FVIII), protecting it from proteolytic degradation (6-8). It 

is also considered to be a marker of endothelial function (9). The activity of vWF is regulated 

by ADAMTS13 (A Disintegrin And Metalloproteinase with a ThromboSpondin type 1 motif, 

member 13), a metalloprotease belonging to the ADAMTS family. ADAMTS13 cleaves the 

large vWF multimers into smaller less haemostatically active fragments (10, 11). Reduced 

ADAMTS13 levels result in the accumulation of large vWF multimers, thereby promoting 

thrombosis. Plasma levels and activity of both vWF and ADAMTS13 are independent risk 

factors for CVD (4). High vWF and low ADAMTS13 plasma levels were found to be 

associated with an increased risk of coronary heart disease, myocardial infarction, and 

ischemic stroke (12, 13). 

Plasma levels of vWF are determined by both genetic and environmental factors. One such 

genetic determinant is an individual’s blood group, where individuals with non-O blood 

groups (A, B and AB) have higher levels of vWF compared to those with blood group-O (14-

16). Other determining factors include age (17), the use of oral contraceptives and 

pregnancy (4, 18). Variation in vWF levels is also seen in different ethnic groups with black 

individuals having higher plasma vWF compared to their white counterparts (19-22). 

With regard to ADAMTS13, some studies have found no association with blood group (15, 

23), while others reported ADAMTS13 levels to be lower in individuals with non-O blood 

groups compared to group O (24, 25). The incidence of thrombotic thrombocytopenic 
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purpura (TTP), which is associated with severe ADAMTS13 deficiency, was found to be 

greater among blacks compared to other ethnic groups (26). This finding suggests an ethnic 

difference in ADAMTS13 however, limited information is available on this matter.  

Modifiable lifestyle factors including alcohol consumption, sedentary behaviour, and smoking 

have also been shown to contribute to the variation in plasma levels of both vWF and 

ADAMTS13 (27-29), which opens up an opportunity to reduce CVD and thrombosis risk by 

incorporating healthier lifestyles. It would be important to reduce cardiovascular risk already 

from young age onwards, but limited information is available on the role of lifestyle factors on 

vWF and ADAMTS13 in healthy youth. Taking into account the shift towards unhealthy 

lifestyle practices by the youth (30), we investigated the associations between vWF and 

ADAMTS13 with health behaviours (including socio-economic status, physical activity, 

alcohol consumption, smoking, salt intake and obesity) in young healthy black and white 

adults. We also determined whether vWF and ADAMTS13 concentrations differ in women, 

according to hormonal contraception used. 

Materials and Methods  

Study Population 

This study forms part of the African Prospective study on the Early Detection and 

Identification of Cardiovascular Disease and Hypertension (African-PREDICT) (31). We 

recruited participants (n=1202) on a voluntary basis from Potchefstroom and surrounding 

areas. Black (n=606) and white (n=596) apparently healthy individuals between the ages of 

20-30 years, with a screening clinic blood pressure of <140 and 90 mmHg, human 

immunodeficiency virus (HIV) uninfected, who had no previous self-reported diagnosis or 

using medication for chronic disease, not pregnant and not breast feeding were included in 

the study. We excluded participants with incomplete vWF:Ag and ADAMTS13 data (n=6). 

The Health Research Committee of the North-West University (NWU-0009-19-S1) approved 
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this sub-study, and all procedures were in compliance with the institutional guidelines and 

the declaration of Helsinki. All participants gave written informed consent. 

Data collection 

Questionnaires 

Participants completed a General Health and Demographic Questionnaire with the help of a 

trained researcher, in which smoking, alcohol consumption, the use of contraceptives and 

demographics were reported. Socioeconomic status (SES) was derived from three 

categories including skill level, education, and household income. Points were awarded to 

each category and used to determine whether a participant fell within a low, middle or high 

SES. The classification of SES was adapted from Patro et al (32). 

Anthropometric and physical activity measurements 

Weight (SECA 813 Electronic Scales, SECA, Hamburg, Germany), height (SECA 213 

Portable Stadiometer, SECA, Hamburg, Germany), and waist circumference (WC) (Lufkin 

Steel Anthropometric Tape (W606 PM), Lufkin, Apex, USA) were measured using 

standardised methods and calibrated instruments (33). We calculated body mass index 

(BMI) and waist-to-height ratio. Each participant was fitted with an accelerometry device 

(ActiHeart, CamNtech Ltd., Cambridge, UK) that was worn on the chest and recorded heart 

rate and activity continuously for a maximum of 7 consecutive days. From this daily activity, 

energy expenditure (AEE) was calculated. 

Cardiovascular measurements 

Clinic blood pressure measurements were conducted using the Dinamap Procare 100 Vital 

Signs Monitor (GE Medical Systems, Milwaukee, USA) according to standard guidelines. 

Two measurements were taken on each arm and we used the second reading taken on the 

left arm in this study. 
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We used Card(X)plore ambulatory blood pressure monitor (ABPM) devices (MediTech, 

Budapest, Hungary) for collection of 24-hour blood pressure measurements, programmed to 

take recordings every 30 minutes during the day (06:00 to 22:00) and every hour during the 

night (22:00 to 06:00). The ABPM was fitted to each participant at approximately the same 

time every morning, using an appropriately sized cuff. The participants in this study had a 

mean successful inflation rate of 87.3%.  

Biological sampling 

Participants were required to fast from 22:00 of the evening prior to the study day. Blood 

samples were taken with a sterile winged infusion set and syringes from the antebrachial 

vein. Participants were required to collect a 24-hour urine sample, within 7-days after they 

visited the hypertension clinic. All samples were immediately taken to the onsite laboratory, 

prepared and aliquoted into cryovials for storage in biofreezers at −80 °C until analysis. 

Biochemical measurements  

The Cobas Integra 400 Roche Clinical System (Roche Diagnostics, Indianapolis, IN, USA) 

was used to determine serum total cholesterol, high-density lipoprotein cholesterol (HDL-C), 

low-density lipoprotein cholesterol (LDL-C), triglycerides, gamma-glutamyl transferase 

(GGT), and high-sensitivity C-reactive protein (hs-CRP). Serum samples were also used to 

measure cotinine using the chemiluminescence method on the Immulite (Siemens, 

Erlangen, Germany). Glucose was measured in fluoride plasma. We used the following 

equation to estimate daily salt intake: (34) 

Estimated NaCl (g/day) = 
(               (

    

 
)                  ( ))       

    
 

Blood groups were determined with a finger prick rapid test using Anti-A; Anti-B and Anti-D 

monoclonal reagents (ProMab Biotechnologies, Inc., USA) during screening. A full blood 
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count was performed in whole blood samples using A Coulter AcT5 diff OV Haematology 

analyser (Beckman Coulter, Brea, CA, US). 

Citrated samples were used for the analysis of vWF antigen (vWF:Ag), using a sandwich 

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

vWF-horseradish peroxidase (HRP) 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. Serum samples were used to 

measure ADAMTS13 as part of a bead-based multiplex immunoassay, which allows the 

simultaneous quantification of multiple markers on a Luminex 200™ system (Luminex, 

Austin, TX, US). The MILLIPEX MAP Human Cardiovascular Disease Magnetic Bead Panel 

2 (Merck Millipore, Darmstadt, Germany) was custom made to include ADAMTS13, growth 

differentiation factor-15 (GDF-15), myeloperoxidase (MPO), P-selectin, soluble cell adhesion 

molecule (sCAM), and soluble vascular cell adhesion molecule (sVCAM). 

Statistical analyses 

We used IBM® SPSS® Statistics, Version 25 software (IBM Corporation, Armonk, New 

York) for all statistical analyses. Variables were tested for normality by visual inspection 

(histograms and q-q plots) and skewness and kurtosis coefficients. Variables that were not 

normally distributed were log-transformed (including vWF:Ag, GGT, glucose, cotinine, NaCl, 

LDL-C, triglycerides, hs-CRP). We performed interaction testing to test the interaction of 

ethnicity on the association of vWF and ADAMTS13 with health behaviours using multiple 

regression analyses. We used Independent T-tests and Chi-square tests to compare means 

and proportions between black and white individuals. Pearson and partial (adjusted for age, 

sex and ethnicity) correlations were used to determine associations between vWF and 

ADAMTS13 with health behaviours. We used multiple regression analyses to confirm 

associations independent of potential confounders. In addition to lifestyle factors, the 

following covariates were included in the multiple regression analysis: age, sex, ethnicity and 
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blood groups. To establish differences in haemostatic markers according to hormonal 

contraceptive use, we compared vWF and ADAMTS13 concentrations between women 

using no contraception versus those using the contraceptive pill or the injection by employing 

analysis of covariance, while adjusting for age and BMI.  

Results  

We found significant interactions of ethnicity on the correlation between vWF:Ag and 

estimated salt intake (p=0.001). Ethnicity also showed interactions on the correlations 

between BMI (p=0.021), SES score (p=0.021), GGT (p=0.008) and salt intake (p<0.001) with 

ADAMTS13. Based on these interactions and the findings of previous studies on ethnic 

differences in vWF:Ag plasma levels (19, 35), we divided the study population according to 

ethnicity.  

The characteristics of the study population are presented in Table 1. Black participants 

presented with higher vWF:Ag and lower ADAMTS13 (all p<0.001) plasma levels compared 

to white participants. A large percentage (58.7%) of black participants had a low SES while 

49.5% of white participants had a high SES. White participants presented with a higher BMI 

(p<0.001), larger waist circumference (p<0.001), and lower activity energy expenditure 

(p<0.001) compared to their black counterparts. Regarding liver enzymes, black participants 

presented with higher concentrations of GGT (p<0.001) compared to white participants. 
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Table 1. Characteristics of the study population 

 Total group  
(n=1196) 

Black 
 (n=602) 

White  
(n=594) 

P* 

Age, years 24.6±3.12 24.5±3.17 24.6±3.06 0.51 
Blood groups n/total (%)    
 Group O  466/1038 (44.9) 260/549 (47.4) 206/489 (42.1) 0.091 
 Group non-O 572/1038 (55.1) 289/549 (52.6) 283/489 (57.9)  
SES class n/total (%)    
 Lower 473/1196 (39.5) 354/602 (58.7) 119/594 (20.0) <0.001 
 Middle  345/1196 (28.8) 164/602 (27.3) 181/594 (30.5)  
 Higher 378/1196 (31.6) 84/602 (14.0) 294/594 (49.5)  

Body composition 

BMI, kg/m
2 

24.5 (18.0;35.5) 24.0 (17.6;35.5) 25.1 (18.9;35.5) <0.001 
Weight, kg 71.3±17.3 66.2±14.5 76.5±18.4 <0.001 
Height, cm 168±9.50 164±8.35 173±8.82 <0.001 
WC, cm 80.1±12.6 77.8±10.9 82.5±13.6 <0.001 
Waist-to-hip ratio 0.79±0.08 0.78±0.07 0.80±0.08 <0.001 
BSA, m

2 
1.82±0.24 1.73±0.20 1.90±0.25 <0.001 

Blood pressure 

Clinic SBP, mmHg 116±12.3 117±12.0 116±12.6 0.15 
Clinic DBP, mmHg 78.6±8.27 79.4±8.35 77.7±8.12 <0.001 
24-hour SBP, mmHg 117±9.46 116±8.98 118±9.82 <0.001 
24-hour DBP, mmHg 68.7±5.88 68.8±5.92 68.6±5.85 0.44 

Biochemical measurements 

vWF:Ag, % 84.0 (41.0;185) 93.9 (45.0;20) 75.0 (39.0;160) <0.001 
ADAMTS13, ng/ml 1376±248 1331±234 1422±254 <0.001 
Glucose, mmol/L 4.09±1.07 3.94±1.03 4.25±1.09 <0.001 
Total cholesterol, mmol/L 3.57 (1.19;5.80) 3.33 (1.94;5.10) 3.38 (2.11;6.10) <0.001 
LDLC, mmol/L 2.26 (1.09;4.18) 2.07 (0.99;3.71) 2.45 (1.20;4.42) <0.001 
HDLC, mmol/L 1.08 (0.58;1.89) 1.08 (0.58;1.83) 1.09 (0.57;2.02) 0.84 
Triglycerides, mmol/L 0.72 (0.32;1.80) 0.64 (0.31;1.37) 0.80 (0.33;2.05) <0.001 
C-reactive protein, mg/L 0.89 (0.08;9.52) 1.02 (0.10;11.1) 0.78 (0.08;8.08) 0.002 

Lifestyle factors 

GGT, U/L 18.2 (6.00;55.0) 22.3 (8.50;66.2) 14.9 (5.40;47.2) <0.001 
Cotinine, ng/ml  3.59 (1.00;322) 4.02 (1.00;341) 3.20 (1.00;308) 0.080 
Estimated salt intake, g/day 7.63 (2.50;19.8) 7.91 (2.48;21.4) 7.35 (2.52; 16.9) 0.096 
AEE, kCal/kg 5.92±2.91 6.52±3.05 5.37±2.65 <0.001 
Alcohol intake, n/total (%) 662/1188 (55.7) 331/595 (55.6) 331/593 (55.8) 0.95 
Smoking, n/total (%) 284/1195 (23.8) 153/601 (25.5) 131/594 (22.1) 0.17 

Total hormonal contraceptives 

Contraceptive pill n/total (%) 154/611 (25.2) 35/301 (11.6) 119/310 (38.4) <0.001 
Contraceptive injection n/total (%) 99/613 (16.2) 92/303 (30.4) 7/310 (2.30) <0.001 
Contraceptive implant n/total (%) 24/256 (9.40) 19/118 (16.1) 5/138 (3.60) 0.001 

Abbreviations: SES – socio-economic status; BMI – body mass index; WC – waist circumference; BSA 
– body surface area; SBP – systolic blood pressure; DBP – diastolic blood pressure; vWF – von 
Willebrand factor; ADAMTS13 – a disintegrin and metalloproteinase with a thrombospondin type 1 
motif, member 13; GGT – gamma-glutamyl transferase; LDLC – low density lipoprotein cholesterol; 
HDLC – high density lipoprotein; AEE – activity energy expenditure. *P value for comparing black vs 
white groups. Values are expressed as arithmetic mean ± standard deviation or geometric mean (5th to 
95th percentile interval) for logarithmically transformed variables, or number of participants and 
percentages (%) and p<0.05 was considered significant. 
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Firstly, we determined whether vWF:Ag is related to ADAMTS13 in the total sample, and as 

expected we found a negative correlation (r=-0.11; p<0.001) (Figure 1).  

                             

Figure 1. Linear regression analyses between vWF:Ag and ADAMTS13 levels in the total 

group. 

Solid and dashed lines represent the regression line and 95% CI boundaries, respectively. 

Abbreviations: vWF:Ag – von Willebrand factor antigen; ADAMTS13 - a disintegrin and 

metalloproteinase with a thrombospondin type 1 motif, member 13.  

 

To address our aim, we explored the correlations of vWF:Ag and ADAMTS13 with health 

behaviours using Pearson correlations (Figure 2). The vWF:Ag associated negatively with 

SES score (r=-0.13; p<0.001) and positively with GGT (r=0.07; p=0.017), while ADAMTS13 

associated positively with SES score (r=0.10; p=0.001) and negatively with BMI (r=-0.06; 

p=0.044).  
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Figure 2. Linear regression analyses in the total group between (a) vWF:Ag and SES score 

and GGT; and (b) ADAMTS13 and SES score and BMI.  

Solid and dashed lines represent the regression line and 95% CI boundaries, respectively. 

Abbreviations: vWF:Ag –   von Willebrand factor antigen; SES score – socioeconomic score; GGT – 

gamma-glutamyl transferase; ADAMTS13 - a disintegrin and metalloproteinase with a 

thrombospondin type 1 motif, member 13; BMI – body mass index. 

  



Chapter 3 
 

61 
 

In addition, multivariate regression analyses were performed in the total group with health 

behaviours as main independent variables (Table 2). The vWF:Ag associated with black 

ethnicity (β=-0.25; p<0.001) and non-O blood group (β=-0.30; p<0.001) and positively with 

BMI (β=0.09; p=0.037), while ADAMTS13 associated positively with white ethnicity (β=0.23; 

p<0.001) and GGT (β=0.14; p=0.002), and negatively with BMI (β=-0.10; p=0.016) and 

cotinine (β=-0.09; p=0.029).  

Table 2. Multiple regression analysis of vWF:Ag and ADAMTS13 with health behaviours 

in the total group 

 von Willebrand Factorag, %  ADAMTS13, ng/ml  

  β (95% CI) p β (95% CI) p 

Adjusted R
2 

0.15;   P<0.001 0.05;   P<0.001 

Age, years 0.08 (-0.004;0.16) 0.062 0.002 (-0.09;0.09) 0.96 

Sex, (women/men) -0.03 (-0.12;0.05) 0.42 0.06 (-0.03;0.15) 0.18 

Ethnicity (black/white) -0.25 (-0.34;-0.17) <0.001 0.23 (0.13;0.32) <0.001 

Blood group (non-O/O) -0.30 (-0.37;-0.22) <0.001 -0.002 (-0.08;0.08) 0.95 

BMI, kg/m
2 

0.09 (0.005;0.17) 0.037 -0.10 (-0.19:-0.02) 0.016 

SES score -0.08 (-0.17;0.02) 0.11 -0.00 (-0.10;0.10) 1.00 

AEE, kCal/kg  0.005 (-0.02;0.03) 0.72 0.001 (-0.03;0.03) 0.92 

GGT, ng/ml -0.04 (-0.12;0.05) 0.41 0.14 (0.05;0.23) 0.002 

Cotinine, ng/ml -0.02 (-0.10;0.06) 0.62 -0.09 (-0.18;-0.009) 0.029 

Salt intake, g/day 0.05 (-0.03;0.12) 0.26 -0.04 (-0.12;0.04) 0.29 

Abbreviations: vWF:Ag - von Willebrand factor antigen; ADAMTS13 - a disintegrin and 

metalloproteinase with a thrombospondin type 1 motif, member 13; BMI – body mass index; SES-

score – socio-economic status score; AEE - activity energy expenditure; GGT - gamma-

glutamyltransferase; NaCl – sodium chloride.  P<0.05 was considered significant 
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We further performed ethnic-specific single regression analyses between vWF:Ag or 

ADAMTS13 plasma levels with health behaviours (Supplementary Table S1). In the black 

group, vWF:Ag associated negatively with cotinine (r=-0.08; p=0.047) and self-reported 

smoking (r=-0.08; p=0.046), while ADAMTS13 associated negatively with BMI (r=-0.15; 

p<0.001). In the white group ADAMTS13 associated positively with GGT (r=0.18; p<0.001). 

In multivariable-adjusted regression analyses in the black group (Table 3), vWF:Ag 

associated with non-O blood group (β=-0.23; p<0.001)) and positively with salt intake 

(β=0.12; p=0.043). In the white group vWF:Ag also associated with non-O blood group (β=-

0.36; p<0.001), and positively with BMI (β=0.14; p=0.023), while ADAMTS13 associated 

positively with male sex (β=0.15; p=0.026) and GGT (β=0.22; p=0.003) and negatively with 

cotinine (β=-0.14; p=0.041). 
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Table 3. Multiple regression analysis of vWF:Ag and ADAMTS13 with health behaviours 

 von Willebrand Factorag, % 

 Black (n=602) White (n=594) 

 β (95% Cl) p β (95% CI) p 

Adjusted R
2 

0.05; p=0.003  0.14; p<0.001  

Age, years 0.09 (-0.03;0.21) 0.13 0.09 (-0.04;0.21) 0.19 

Sex, (women/men) 0.03 (-0.10;0.16) 0.64 -0.11 (-0.23;0.008) 0.068 

Blood group, (non-O/O) -0.23 (-0.34;-0.12) <0.001 -0.36 (-0.46;-0.26) <0.001 

BMI, kg/m
2 

0.05 (-0.07;0.18) 0.41 0.14 (0.02;0.27) 0.023 

SES score -0.05 (-0.18;0.08) 0.45 -0.09 (-0.23;0.06) 0.23 

AEE, kCal/kg 0.001 (-0.04;0.04) 0.95 0.00 (-0.04;0.04) 0.99 

GGT, U/L -0.02 (-0.14;0.11) 0.81 -0.06 (-0.18;0.07) 0.37 

Cotinine, ng/ml -0.06 (-0.17;0.06) 0.34 -0.002 (-0.12;0.11) 0.97 

Salt intake, g/day 0.12 (0.004;0.23) 0.043 -0.02 (-0.13;0.08) 0.66 

ADAMTS13, ng/ml 

 Black (n=602) White (n=594) 

 β (95% Cl) p β (95% Cl) p 

Adjusted R
2
 0.02; p=0.14  0.04; p=0.012  

Age, years -0.04 (-0.15;0.08) 0.51 0.06 (-0.09;0.20) 0.43 

Sex, (women/men) -0.07 (-0.20; 0.05) 0.26 0.15 (0.02;0.29) 0.026 

Blood group, (non-O/O) -0.03 (-0.14; 0.08) 0.60 0.04 (-0.08;0.16) 0.52 

BMI, kg/m
2
 -0.17 (-0.29; -0.05) 0.007 -0.13 (-0.27;0.11) 0.070 

SES score -0.03 (-0.16; 0.10) 0.60 0.02 (-0.15;0.18) 0.86 

AEE, kCal/kg -0.02 (-0.06; 0.02) 0.30 0.03 (-0.02;0.08) 0.24 

GGT, U/L 0.06 (-0.06; 0.18) 0.31 0.22 (0.08;0.36) 0.003 

Cotinine, ng/ml -0.06 (-0.17; 0.06) 0.33 -0.14 (-0.27;-0.006) 0.041 

Salt intake, g/day -0.06 (-0.17; 0.04) 0.25 -0.03 (-0.15;0.10) 0.69 

Abbreviations: BMI – body mass index; SES-score – socio-economic status score; AEE - actiivity 

energy expenditure; GGT - gamma-glutamyl transferase; NaCl – sodium chloride; ADAMTS13 - a 

disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13. P<0.05 was 

considered significant. 

 

Since it is known that the liver enzyme, GGT can be a marker of oxidative stress and non-

alcoholic fatty liver disease (NAFLD) in addition to being a marker of alcohol consumption 

(36, 37), we performed sensitivity analyses in which GGT was replaced by self-reported 

alcohol consumption to determine whether the association found between ADAMTS13 and 

GGT represented alcohol consumption. Self-reported alcohol consumption did not associate 
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with ADAMTS13 in the total (R2=0.05; β=0.01; p=0.79) or white group (R2=0.04; β=-0.03; 

p=0.66). 

Finally, due to previous reports suggesting that hormonal contraception may influence vWF 

and ADAMTS13 levels (4), we compared vWF:Ag and ADAMTS13 concentrations within 

each ethnic group between women using no hormonal contraceptives, using oral 

contraceptives or an injection (Table S2). Neither vWF:Ag nor ADAMTS13 levels differed 

between women using no contraceptives and those using the different hormonal 

contraceptives. 

Discussion  

In our study investigating young healthy black and white adults, black individuals presented 

with an increased thrombotic risk evidenced by higher vWF:Ag and lower plasma levels of its 

cleaving protease, ADAMTS13, when compared to their white counterparts. We found that 

these haemostatic markers associated independently with lifestyle and health behaviours. In 

the total group of 1196 participants, vWF:Ag was positively associated with a marker of 

obesity (BMI), whereas ADAMTS13 associated negatively with obesity – highlighting obesity 

as a potential important contributor affecting the equilibrium in vWF:Ag and ADAMTS13 

concentrations, already in young healthy individuals. ADAMTS13 further associated 

positively with the liver enzyme, GGT, and negatively with cotinine. When viewing 

contraceptive use, no significant variation was found in vWF:Ag and ADAMTS13 levels 

between women using hormonal contraceptives and those who did not. 

The variation in vWF:Ag levels observed between black and white individuals is consistent 

with the literature (19-22). In the ARIC study - including 15 407 (27% black) participants 

aged 45-64 years in the United States, black men and women were found to have a four-

times higher stroke rate than their white counterparts, and this was most apparent in the 

youngest group (38). In the same study, vWF levels were higher in the black individuals and 

were found to be independently associated with incidence of stroke in both black and white 
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individuals. Regarding ADAMTS13, a deficiency thereof causes TTP which is reported to be 

more common in black populations (26). In a study by Sonneveld et al., low ADAMTS13 was 

also associated with stroke (39). To improve health outcomes, it would be important to 

maintain a favourable vWF and ADAMTS13 balance by making lifestyle changes known to 

have an effect on these haemostatic markers. 

Indeed, we found that certain health behaviours – particularly obesity, potentially alcohol 

consumption, smoking and salt intake to be related to vWF:Ag and/or ADAMTS13 levels. 

Obesity is a known risk factor for ischemic stroke (40), due to its prothrombotic effects by 

influencing haemostatic and inflammatory factors by disrupting the endothelium (41). Obesity 

has also been associated with early endothelial damage which resulted in an increase in 

circulating vWF (42). We observed a positive association between vWF:Ag and obesity in 

the total group, which is in accordance with a recent study by Atiq et al. (43) that investigated 

the association between vWF:Ag and BMI in patients suffering from von Willebrand disease. 

These results suggest that in the young African-PREDICT population, there may already be 

early endothelial activation in those with elevated adiposity that increase these individuals’ 

thrombotic risk. We also found ADAMTS13 to be inversely related to obesity, and this result 

is supported by a study in which weight loss resulted in elevated ADAMST13 levels, by 

decreasing anti-ADAMTS13 antibodies (44). These findings highlight that weight 

management programmes have the potential of improving the vWF:Ag and ADAMTS13 

equilibrium, and if applied from young ages this may have long-term beneficial effects.  

Salt intake is an important health behaviour related to hypertension and CVD, especially in 

the black population, (45) as black populations are known to be more salt sensitive 

compared to whites, due to higher renal sodium retention (46). This ethnic difference in 

haemostatic relationships with salt intake is noteworthy and requires further investigation. It 

is unclear how retained sodium is mechanistically involved in raised vWF:Ag levels. In a 

study by Dmitrieva et al. (3) a high salt intake was shown to influence the haemostasis by 

increasing the production of vWF by endothelial cells in a cell culture. In the same study 
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vWF levels were also found to increase with salt intake in humans which aligns with our 

finding. Salt sensitivity in black populations thus, does not only predispose these individuals 

to a risk for raised blood pressure, but may potentially also affect platelet adhesion and clot 

formation. Therefore, our finding supports the need for policies and strategies to reduce salt 

intake.  

With regards to tobacco use, we found no relationship with vWF:Ag levels, but ADAMTS13 

showed an independent inverse relationship with tobacco use. This finding is in accordance 

with Ma et al. (28) who reported an association of smoking with low ADAMTS13 levels in a 

healthy European-ancestry population. In this population, smoking was associated with a 

3.6% decrease in ADAMTS13. Tobacco use is a known risk factor of thrombosis, and 

contributes to thrombus formation by altering the haemostatic process via endothelial 

dysfunction (47, 48). In a recent meta-analysis, smokers were also found to have an 

increased risk of stroke compared to non-smokers (49) depending on the number of 

cigarettes smoked per day. These findings, together with our results, bring forth awareness 

on the beneficial effects of smoking cessation and support the global initiatives to prevent 

the youth from initiating tobacco use and to stop smoking from young ages onwards.  

Interestingly, we found a potential beneficial positive relationship between ADAMTS13 and 

GGT. The liver enzyme, GGT is strongly and consistently associated with the metabolic 

syndrome, stroke and other CVD (50, 51). Our finding is thus unexpected and not 

corroborated by previous reports where an inverse association between ADAMTS13 and 

GGT were reported in 432 men and woman, of mean age 54.8 and 56.4 years, respectively 

(52). We originally regarded GGT as a marker of alcohol consumption. However, as GGT is 

also an alternative marker of oxidative stress (37) and NAFLD (36), we performed sensitivity 

analyses by substituting GGT with self-reported alcohol use (no/yes). The relationship 

between ADAMTS13 and self-reported alcohol consumption was not significant, suggesting 

that GGT likely represented other conditions such as oxidative stress. The finding is 

challenging to interpret as self-reported alcohol intake may also be unreliable as people tend 
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to under-report their drinking behaviour. It remains unclear why elevated GGT would 

associate with increased ADAMTS13 levels. 

With regard to the influences of hormonal contraceptive use on vWF and ADAMTS13 levels, 

there are inconsistent reports in the literature. In our study, we found no marked effect of 

hormonal contraceptives on vWF:Ag and ADAMTS13 levels. Our findings are in agreement 

with a study that investigated the effects of combined oral contraceptives in 55 healthy 

women aged 18-34 years (53). In this study, vWF:Ag concentrations did not differ between 

women who used contraceptives and the controls. By contrast, in a study including 1018 

women aged 18-49 years, Andersson et al. (4) found women using oral contraceptives to 

have higher vWF and lower ADAMS13 levels. It remains unclear why inconsistent findings 

are reported, but based on either the white or black women in our study, there were no clear 

differences in either vWF:Ag or ADAMTS13. 

In addition to the associations with health behaviours, our study also confirmed that 

individuals with non-O blood groups have higher vWF:Ag levels compared to those with 

group O type, irrespective of ethnicity. It is well established that humans with the O-blood 

group have lower vWF concentrations due to increased clearance of vWF from plasma in 

comparison to A, B and AB blood groups (14-16, 54). We did not find an association 

between ADAMTS13 and blood groups, which is in agreement with previous studies in 

healthy populations (15, 23). However, two studies have reported lower ADAMTS13 levels in 

non-O blood group compared to group O (24, 54). In both studies the findings were in a 

healthy control group, one in a young population with a mean age of 20 years and the other 

in an older population of mean age 55 years. Further research is therefore needed to 

determine if ethnic differences exist regarding ADAMTS13.  

Our findings should be reported while taking the strengths and limitations into account. This 

study design is cross-sectional and precluded us from determining cause and effect. The 

strengths are that we included a large young healthy population with a detailed phenotype. 
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The black and white population allowed us to evaluate ethnic differences in haemostatic 

proteins and a detailed range of health behaviours.  

In conclusion, in a young healthy population we found higher levels of vWF:Ag and lower 

levels of ADAMTS13 in black compared to white adults. Overall obesity is adversely 

associated with vWF and ADAMTS13, whereas an ethnic-specific positive association was 

found between vWF and salt intake in the black group and an inverse association between 

ADAMTS13 and smoking in the white group. Collectively our findings strongly support 

population-based strategies to reduce obesity, smoking, and salt intake as these 

interventions may also have direct beneficial consequences on thrombotic risk. Our results 

therefore, support cardioprotective population-based strategies to improve lifestyle and 

health behaviours.   
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Supplementary data 

 

Table S1. Single linear regression analysis of vWF:Ag and ADAMTS13 with health 

behaviours 

 von Willebrand Factorag, % 

 Black (n=602) White (n=594) 

 r p r p 

BMI, kg/m
2
 0.05 0.21 0.07 0.085 

SES score -0.03 0.61 0.61 0.26 

AEE, kCal/kg -0.04 0.40 0.04 0.34 

GGT, ng/ml 0.01 0.80 -0.02 0.63 

Alcohol consumption, % -0.05 0.26 -0.01 0.85 

Cotinine, ng/ml -0.08 0.047 0.001 0.98 

Smoking, % -0.08 0.046 0.03 0.46 

Salt intake, g/day 0.10 0.060 -0.07 0.17 

 ADAMTS13, ng/ml 

 Black (n=602) White (n=594) 

 r p r p 

BMI, kg/m
2
 -0.15 <0.001 -0.003 0.93 

SES score -0.05 0.21 0.08 0.052 

AEE, kCal/kg -0.04 0.41 0.001 0.98 

GGT, ng/ml 0.004 0.92 0.18 <0.001 

Alcohol consumption, % 0.03 0.46 -0.02 0.71 

Cotinine, ng/ml -0.03 0.47 -0.06 0.13 

Smoking, % -0.01 0.82 -0.07 0.11 

Salt intake, g/day -0.06 0.22 0.03 0.52 

Abbreviations: vWF:Ag - von Willebrand factor antigen; ADAMTS13 - a disintegrin and 

metalloproteinase with a thrombospondin type 1 motif, member 13; BMI – body mass index; SES -

score – socio-economic status score; AEE – activity energy expenditure; GGT - gamma-glutamyl 

transferase; NaCl – sodium chloride. P<0.05 was considered significant 
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Table S2. Analysis of covariance of vWF:Ag and ADAMTS13 levels according to 

hormonal contraceptive use in all women and separately in black and white women 

 No 

contraceptive 

Contraceptive 

pill 

Contraceptive 

injection 

p 

Total (n=340) (n=151) (n=96)  

vWF:Ag (%) 1.93±0.01 1.92±0.02 1.96±0.02 0.21 

ADAMTS13 (ng/ml) 1362±13.4
 

1368±20.2
 

1373±25.4
 

0.92 

Black (n=160) (n=33) (n=90)  

vWF:Ag (%) 1.97±0.02 2.02±0.04 1.97±0.02 0.31 

ADAMTS13 (ng/ml) 1336±17.9 1302±39.5 1349±24.0 0.59 

White (n=180) (n=118) (n=6)  

vWF:Ag (%) 1.89±0.01 1.89±0.02 - 0.94 

ADAMTS13 (ng/ml) 1383±19.6
 

1396±24.3
 

-
 

0.69 

Adjusted for age and body mass index. 

Abbreviation:  vWF:Ag - von Willebrand factor antigen; ADAMTS13 - a disintegrin and 

metalloproteinase with a thrombospondin type 1 motif, member 13. Values are expressed as mean 

± standard error of the mean, p<0.05 was considered significant 
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1. Introduction  

In this summative chapter, the main findings of the study are interpreted and compared to 

relevant literature. The original hypotheses will be accepted or rejected, a conclusion will be 

drawn, and recommendations will be made for future research studies.  

2. Summary of the main findings  

This study aimed to determine whether circulating von Willebrand factor antigen (vWF:Ag) 

and ADAMTS13 concentrations are associated with lifestyle behaviours in young healthy 

black and white adults, namely physical activity, alcohol consumption, smoking, obesity, salt 

intake and socio-economic status (SES). 

Hypothesis 1: vWF:Ag will be higher and ADAMTS13 will be lower in black individuals 

compare to whites. 

Indeed, our study confirmed this hypothesis. We therefore accept the first hypothesis as the 

black group presented with higher levels of vWF:Ag and lower levels of ADAMTS13 when 

compared to their white counterparts. Our findings on vWF:Ag confirm reports from Miller et 

al. (1) on a study carried out on American women, who found vWF:Ag to be higher in black 

women compared to their white counterparts. In addition, our results are also in agreement 

with a South African study by Sukhu et al. (2) who also reported higher vWF:Ag levels in 

black individuals when compared to whites and Indians. With regards to ADAMTS13, limited 

studies are available on ethnic differences of circulating ADAMTS13 concentrations. Our 

study is among the first to confirm significantly lower ADAMTS13 levels in young healthy 

black compared to white individuals. Despite the limited information on ADAMTS13, Terrel et 

al. (3) reported that black individuals have a higher incidence of TTP which is caused by 

ADAMTS13 deficiency, and this formed the basis for our original hypothesis. The authors 

suggested that genetic diversity that characterises ethnicity plays an important role in 

plasma levels of vWF and ADAMTS13, and we believe that understanding the effects of 
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ethnicity on these two markers may have implications in understanding the thrombotic risks 

observed in black populations (4). 

Hypothesis 2: Black participants will have higher levels of smoking, alcohol 

consumption, salt intake, obesity, and lower levels of physical activity and SES 

compared to white participants. 

With regards to smoking levels, alcohol use and estimated salt intake we found no 

differences between the black and white group. White participants presented with a higher 

body mass index when compared to black individuals, whereas blacks were more active with 

higher physical activity levels than whites. As hypothesised, a greater number of black 

participants had a low SES while the majority of whites had high SES. We therefore, partially 

accept our second hypothesis. 

Our findings on obesity and physical activity contradict previous findings. Firstly, a study by 

Arroyo-Johnson and Mincey (5) found black children between the ages of 9-12 years as well 

as adults aged 20 years and over to have a higher obesity prevalence compared to their 

white counterparts in the United States. Secondly, a study by Armstrong et al. (6) in a young 

population aged 12-29 years, white males were found to have higher and black females to 

have a lower self-reported physical activity. In addition, minority ethnicity (black) and low 

income were associated with low physical activity. By contrast, in a South African study 

including 7348 learners aged 8-14 years, black learners were found to have higher physical 

activity levels compared to white learners (7). Upon thorough investigation, information on 

ethnicity and lifestyle behaviours are not consistent in the literature, and differences seem to 

depend largely on socio-demographic aspects (8-11). It is also clear that conditions in 

countries such as the United States are not necessarily directly applicable to South African 

populations where there are major differences in culture, tradition, economy, healthcare and 

social environment. 
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Hypothesis 3: vWF:Ag will be positively and ADAMTS13 will be negatively associated 

with smoking; obesity; alcohol consumption; and salt intake 

To address this hypothesis, the content will be discussed based on specific results found: 

The associations of vWF:Ag with obesity and estimated salt intake  

In our young population, vWF:Ag was positively associated with obesity in the total and white 

group, and with estimated salt intake only in the black group. We therefore partially accept 

the third hypothesis. Our findings on obesity coincided with findings of a recent study by Atiq 

et al. (12) who found a positive association between vWF:Ag and BMI in patients with von 

Willebrand disease. In a study including 79 obese and 64 non-obese children aged 5-10 

years, obese children presented with higher vWF:Ag compared to non-obese children (13). 

Regarding salt intake, Andersson et al. (14), using data from the ARIC study, found elevated 

plasma sodium concentration to be related to high vWF levels in humans. The authors also 

showed that high extracellular sodium chloride levels stimulate the production and secretion 

of vWF by human umbilical vein endothelial cells. This may explain and support our findings 

in the black group, as black individuals are known to be salt sensitive and to have increased 

sodium retention in the kidneys (15). 

The associations of ADAMTS13 with obesity, smoking and gamma-glutamyl 

transferase (GGT). 

ADAMTS13 indeed associated negatively with obesity in the total group and as well as 

smoking in the total and white group, we therefore partially accept the third hypothesis. 

Since we did not find any association between ADAMTS13 and estimated salt intake, we 

partially reject the third hypothesis. In a previous study, obese patients were found to have 

anti-ADAMTS13 antibodies which interferes with ADAMTS13 activity, leading to its 

deficiency (16). This finding provides a possible mechanism in which obesity may decrease 

ADAMTS13 levels. With regard to smoking, a study by Ma et al. (17) reported lower 

ADAMTS13 levels in smokers compared to non-smokers. Furthermore, we also found 
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ADAMTS13 to associate positively with GGT in the white group, which we initially 

considered as a marker of alcohol use. However, after performing sensitivity analysis with 

self-reported alcohol use, the association with ADAMTS13 was lost. Seeing that self-

reported data are subjective and may be unreliable (18), it could be that alcohol use was 

under-reported in this population and therefore, the association was lost. In addition high 

levels of GGT is also known as a marker of oxidative stress (19), thereby possibly reflecting 

an association due to oxidative stress in this group. GGT upregulate the expression of the 

anti-oxidant glutathione which plays a major role in the protection against oxidative stress 

(20). This protective effect of GGT may explain the positive association we observed 

between ADAMTS13 and GGT concentration.  

Hypothesis 4: vWF:Ag will be negatively and ADAMTS13 will be positively associated 

with physical activity and SES. 

We did not find any associations between the two markers of haemostasis (vWF:Ag and 

ADAMTS13) with physical activity and SES. We therefore, reject our fourth hypothesis. Our 

hypothesis was based on previous studies, including the 20th year follow-up of the British 

Regional Heart Study (21), including 3810 elderly men aged 60-70 years from 24 British 

towns. Plasma levels of vWF were found to be inversely associated with physical activity. In 

another study, ADAMTS13 was shown to increase after excessive physical activity (22). The 

mean physical activity in our study was lower compared to this study, and this may explain 

the lack of association. 

Regarding SES, in a previous study, low childhood social class, education and adult SES 

were associated with high vWF levels in white participants (23). In the same study, results in 

black individuals were less consistent and lowest adult social class was associated with 

slightly higher vWF levels. In our study population, the distribution of SES was not equal 

between the black and white individuals, whereby a greater number of black individuals had 

lower SES while a high number of whites had higher SES. But, also in our total group there 
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was a lack of association between vWF and SES. It is unclear why we were unable to 

confirm previous findings, but we aim to follow the participants from the study over time, and 

will re-evaluate these associations in a longitudinal fashion. 

3. Strengths and limitations 

 One of the limitations of this study is that we only investigated two markers of 

haemostasis, and therefore we could not determine or conclude on the thrombotic 

risk profile of the black or white participants. 

 Our study population consisted of individuals from Potchefstroom and surrounding 

areas in the North West province, and therefore, our population may not represent 

the general population of South Africa. 

 The cross-sectional nature of our study did not allow us to determine the causal 

relationship between the two markers and health behaviours.  

 A strength of our study is the large sample size (n=1196) with good statistical power 

and a fair distribution in the number of black (n=602) and white (n=594) individuals. 

 Our bi-ethnic population enabled us to determine ethnic differences in the circulating 

plasma levels of vWF:Ag and ADAMTS13, and how these markers are potentially 

associated with health behaviours that may explain ethnic differences in 

cardiovascular outcome.  

 We conducted measurements in a controlled environment, and we used gold 

standard methods to obtain our data. 

 The use of the vWF:Ag assay alone, may limit the interpretation of results.  

Investigating the propeptide:Ag ratio as well as FVIII levels, and or vWF activity may 

provide a better description of the role of vWF. 
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4. Recommendations  

 In addition to vWF and ADAMTS13, it would be important to investigate a more 

detailed array of haemostatic markers to obtain a better understanding of ethnic 

differences in thrombotic risk. 

 To better understand the impact imposed by health behaviours on the haemostatic 

markers, intervention studies assessing the impact of modifying lifestyle and health 

behaviours on haemostatic markers in order to minimise thrombotic risk should be 

carried out.  

 In our study, an association between ADAMTS13 and sex was observed. It is 

recommended that future studies with greater sample sizes investigate the influence 

of sex on the plasma levels of ADAMTS13 and potentially other haemostatic makers 

especially ADAMTS13. 

 We postulated that GGT may be involved in the protection against oxidative stress 

and therefore, it is recommended that future studies focus on the association of 

oxidative stress and vWF/ADAMTS13. 

5. Final conclusion 

In our bi-ethnic population, black individuals presented with higher vWF:Ag and lower 

ADAMTS13 levels compared to whites. The vWF:Ag associated positively with estimated 

salt intake in the black group and with obesity in the white group, whereas ADAMTS13 

associated positively with GGT and negatively with obesity and smoking in the white group. 

Our findings suggest that ethnic differences contribute to the variation in plasma levels of 

these two markers and that from young ages, lifestyle and health behaviours already play a 

role in health risk determination. Therefore, smoking cessation, and reducing obesity and 

fat/sugar/salt intake while being physically active seem to be the cornerstone in health 

strategies to prevent and treat cardiovascular disease. 
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