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Vice-Principal and Deputy Vice-Chancellor of the North-West University,  
Executive Dean (Faculty of Health Sciences),  
Deputy Deans (Faculty of Health Sciences),  
Research Directors, 
Respected Fellow Professors,  
Colleagues,  
Distinguished guests,  
Ladies and Gentlemen. 
 
Dumelang, Goeie naand, Good evening. 
 
It is my honour to welcome you all to my inaugural address. 
  



 

Preamble 
The significance of the title of this inaugural lecture should be acknowledged.  
“Under (blood) pressure!” is a title that resonated to a deeper level than just the 
concept of high blood pressure. 
 
During the last two years (2020 to 2021), the world was challenged by SARS-CoV-2 
that causes the coronavirus disease-2019 (Covid-19). Throughout these strange 
times, we were all confronted by change, uncomfortable new working environments, 
family hardships, job losses, and the loss of family members, friends and colleagues. 
During the hard lockdowns across the world and the national state of panic is 
beautifully phrased in the song “Under pressure”, which goes: “Pressure pushing 
down on me, Pressing down on you no man ask for, Under pressure that brings a 
building down, Splits a family in two, Puts people on streets”. In my own family, we 
experienced job losses and death, as did many others which intensifies the pressure 
humanity had to endure, especially during the last two years. “Under pressure” the 
song written by the band Queen and David Bowie captures the current state we are 
all experiencing and that “caring about ourselves” (as part of the lyrics of this song) 
remains extremely important during uncertain and difficult circumstances.  
 
The human body always fascinated me, and my work in physiology reflects my 
interest and respect for the complicated architecture and design of life itself. We are 
all under pressure, and all the pressure we experience exert harm on our bodies. The 
only way we can improve our health is to “change our way of caring about ourselves”, 
as sung by Freddie Mercury. 
 

 
  Figure 1. Title slide of inaugural lecture. 
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Introduction 
Cardiovascular disease remains the leading cause of death globally, with 
hypertension being the number one risk factor contributing to the burden of disease. 
Of the total 56 million deaths globally in 2019, 17.9 million deaths (~32%) were due 
to cardiovascular diseases. Of these cardiovascular related diseases, 85% were due 
to stroke or heart attack, with ~75% of these death were from low- to middle-income 
countries. In 2019, high systolic blood pressure showed the largest increase in 
exposure, with high body mass index as the second largest increase in exposure 
contributing to years of healthy life lost. Hypertension and obesity remains two of the 
most challenging health concerns, even though early lifestyle intervention could 
improve the burden of disease related to these conditions. In South Africa, non-
communicable diseases overtook the number of deaths caused by human 
immunodeficiency virus in 2010, making non-communicable diseases (of which 
cardiovascular diseases form part of) the number one concern in our country’s public 
health environment. 
 
Vascular work 
On vascular level, my work focuses on blood vessels, especially the arteries, of which 
the aorta is the largest of the arteries, their structure and function and how they 
impact the heart when arteries become diseased.  
 

The heart works in cycles or 
phases to circulate blood through 
the blood vessels to all the organs 
and tissues in the body. During 
the relaxing phase or diastole, the 
heart relaxes as blood returns to 
the right atrium via the superior 
and inferior vena cava, then into 
the right ventricle and pushed to 
the lungs to get oxygen from the 

gaseous exchange in the lungs and then enters the left ventricle via the left atria. As 
blood enters the left ventricle, pressure is exerted on the heart wall, while less 
pressure is observed in the arteries. As soon as the left ventricle contracts (systole) 
due to the increasing pressure, the blood is pushed through the aorta to the rest of 
the body. Now, the left ventricle has a lower pressure, while the pressure in the 
arteries is higher. This relates to what we observe when measuring blood pressure 
and we see the top number (systolic blood pressure) higher than the bottom number 
(diastolic blood pressure) as shown in Figure 2. 
 
My interest is to study the factors that may influence these pressures throughout the 
heart cycle and to identify strategies to prolong the onset of hypertension. 

SystoleDiastole

120 mmHg80 mmHg

Figure 2. Brief explanation of blood pressure. 
 



 

One of the factors that is key to my research focus is arterial stiffness. To illustrate 
the concept of arterial stiffness, think about blowing up a balloon. Now, image you 
have two balloons, one easy to blow up, and the other being stiff and you struggle to 
inflate it, which requires much more effort to blow up. This is similar to the concept 
of arterial stiffness.  

In Figure 3, developed by Dr 
Ashleigh Craig, a former PhD student 
of mine, we can see that the artery on 
the right, has a thicker wall and 
smaller diameter compared to the 
healthy artery on the left. The artery 
on the right is stiff, because of 
increased collagen turnover and 
elastin breakdown - the protein that 
keeps our arteries compliant. 

 
Over a number of years I have reported on several factors that influence blood vessel 
health. The research published from our research Centre of Excellence and other 
units across the country and especially the United States of America, regularly report 
higher blood pressures observed in black compared to white populations. Figure 4 
shows the 24hr blood pressure profiles of black and white school teachers during a 
normal working day. We can see that the black lines are higher, which illustrates the 
blood pressures recorded in the black school teachers [1]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The question then arises on whether mortality (or death rates) due to heart disease in 
black individuals are also higher than in white individuals. In Figure 5, a figure from 
the National Vital Statistics System in the United States of America, reported that 
death rates due to heart disease plateaued in black individuals, but decreased in 

Craig A. Nitric oxide bioavailability and cardiovascular function in children and young adults 2021; p.18

Figure 3. Illustration of a normal artery (left) and a stiff artery 
(right). 
 

Schutte AE, et al., J Hum Hypertens 2017; 31: 491-500

Figure 4. Ambulatory blood pressure profiles of black and white South African school teachers during a normal working day. 



 

white individuals [2]. However, the reductions in cigarette smoking, hypertension, 
hyperlipidaemia, and physical inactivity explained the decreased death rate in white 
individuals, whereas the black population did not benefit equally from the same 
prevention strategies and improvement in treatment. This illustrates inequality in 
health care and limited investment in public health strategies aim at equal service to 
all ethnic groups in a given population. 
 

 
 
 
In data from our work in South Africa [1], we showed that at the same level of blood 
pressure, between black and white, there seems to be clear differences in renal 
function as described by urinary albumin/creatinine ratio, as shown in the first panel 
of Figure 6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Van Dyke M, et al. MMWR Surveill Summ 2018;67(No. SS-5):1–11

Figure 5. Heart disease death rates and annual percentage changes among adults ³35 years, by race – Unites States, 1968-
2015. 

Schutte AE, et al., J Hum Hypertens 2017; 31: 491-500

Figure 6. Albumin/creatinine ratio and 24h mean arterial pressure by ethnicity and category of 24h mean arterial pressure, adjusted for age and body 
mass index. Charted values are means and bars represent 95% confidence limits. *denotes p<0.01; ns, non-significant for differences between black 
and white men. 



 

These renal differences were quantified by a RAS-Fingerprinting® with mass 
spectrometry quantification of angiotensin peptide levels (Attoquant Diagnostics, 
Vienna, Austria) [3]. 
 

Figure 7 summarises the 
peptide levels of angiotensin I, 
angiotensin II, and aldosterone 
between black and white 
groups. The spheres and the 
numbers beside them represent 
absolute concentrations of the 
angiotensin metabolites 
analysed by LC-MS/MS. All 
mainstream peptides, i.e., 
angiotensin I, angiotensin II, and 
aldosterone were lower in black 
compared to white adults (all 
p<0.0001) [4].  
 
 

Suggesting potential low renin phenotype related risk for hypertension development 
or potential differences in angiotensin converting enzyme activity. With the kidneys 
playing a central role in the long term regulation of arterial blood pressure, this area 
of research is receiving more attention in our research group. With the 
vasoconstrictive role of angiotensin II, interest in counter-regulatory mechanisms also 
forms part of my research. These include among others nitric oxide, a volatile gas 
and potent vasodilator as well as natriuretic peptides. With regards to nitric oxide bio-
availability, recent work from one of my PhD students, Dr Ashleigh Craig focused on 
the role of nitric oxide synthesis in blood pressure regulation [5], atherosclerosis, 
arterial stiffness [6]and kidney function [7].  
 

Nitric oxide bio-availability is dependent on 
dietary consumption of foods rich in 
nitrates (as shown in Figure 8), which is 
absorbed in the small intestine and then 
entering the circulation. Active uptake of 
remaining nitrates occur through the 
salivary glands before nitrate reducing 
bacteria found on the dorsal surface of the 
tongue reduces nitrate to nitrite. In the 
stomach, some of the nitrite is reduced to 
nitric oxide and some nitrate is absorbed 
by the small intestine where it then enters 
the circulation. In the circulation, nitrite is 
reduces to nitric oxide.  

 

Figure 7. The renin-angiotensin- aldosterone system fingerprint in young 
black and white adults. 

Gafane-Matemane LF, et al., Hypertension 78 (2), 400-410

Craig A. Nitric oxide bioavailability and cardiovascular function in children and young adults 2021

Figure 8. Illustration of the nitrate-nitrite nitric oxide 
pathway. Credit. A Craig. 



 

An alternative pathway of nitric oxide bio-availability was discovered [8] with my 
collaborator, Prof Dimitrios Tsikas from the Institute of Toxicology, Core Unit 
Proteomics, Hannover Medical School, Hannover, Germany. The so-called alternative 
renal pathway of nitric oxide production was closely studied, firstly in a childhood 
study [8], namely the Arterial Stiffness in Offspring Study (ASOS) and secondly within 
the African Prospective Study on the Early Detection and Identification of 
Cardiovascular Disease and Hypertension (African-PREDICT) [5]. In the adult study 
population, black men and women had lower urinary nitrate excretion, or lower urinary 
nitrate/nitrite molar ratio (UNOxR), higher plasma arginine and asymmetric 
dimethylarginine levels compared to the white adults. Central systolic blood pressure 
associated inversely with plasma homoarginine in black men, and with UNOxR in black 
women only. The lower nitric oxide bio-availability in healthy young black South 
Africans may increase the susceptibility for early onset arterial stiffness and 
hypertension development [6].  
 
In addition, lower urinary nitrate excretion indicates lower whole-body nitric oxide 
synthesis, and a lower UNOxR indicates potential renal carbonic anhydrase-dependent 
loss of circulating nitrites, a major source of nitric oxide substrate. The higher plasma 
asymmetric dimethylarginine levels indicate increased inhibition of nitric oxide 
synthase activity. In young adults, we showed ethnicity-dependent differences in 
several arginine involving pathways, creatine kinase and oxidative stress as illustrated 
in Figure 9 [7].  

  

Craig A, et al., Hypertension Research 2021; 44(1):71-79

Figure 9. A comparison of nitric oxide related markers in young black and white adults. 
Credit. A Craig. 



 

Increased sodium intake is known to contribute to increased blood pressure. In a 
study from the African-PREDICT cohort, performed by Dr. Michél Strauss [9], 
excessive salt intake was positively associated with large artery stiffness, as 
measured by femoral pulse wave velocity, independent of blood pressure, especially 
in young black adults (Figure 10). Suggesting the potential contributory role of 
excessive salt intake towards early vascular aging. 

 
Cardiac work 
From my earliest work, I focused mainly on cardiac biomarkers and factors 
influencing cardiac function. After my PhD, I received training in echocardiography 
and expanded on my cardiac work during my postdoctoral fellowship in Odense, 
Denmark and practical training at the Zuid-Afrikaans Hospital in Pretoria under the 
leadership of Dr. Cristina Radulescu.  

In diastolic dysfunction, the left 
ventricular wall (B >) is enlarged 
and the volume (A <) is 
reduced. In systolic 
dysfunction, the wall of the left 
ventricular is weakened and 
thin (B <), while the volume is 
increased (A >) due to poor 
ejection of blood and high 
preload in the left ventricular. 

 

Strauss M, et al., Eur J Nutr 2018; 57:2649-2656

Figure 10. Pulse wave velocity across increasing quartiles of estimated salt intake in the total group (■), black (●) and white 
(○) participants. a,bInterquartile the total group (p < 0.05). Adjusted for age, waist/height ratio and mean arterial pressure. 
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Figure 11. Illustration of left ventricular hypertrophy and dilated 
cardiomyopathy. 



 

One of the biomarkers, the amino-terminal prohormone B-type natriuretic peptide 
(Nt-proBNP) is a marker of cardiac volume overload that increases in cardiac stress 
conditions including heart failure. We have shown that this marker is higher in black 
than in white individuals [10], independently of adiposity and sex from the South 
African study regarding the role of Sex, Age and Ethnicity on Insulin sensitivity and 
Cardiovascular function (SAfrEIC), which was a cross-sectional study that included 
756 black and white adults (aged 20–70 years). Nt-proBNP associated with systolic 
blood pressure and pulse pressure in black (mean age = 36.4 ± 9.3 years), but not in 
white adults (mean age = 35.0 ± 9.3 years). From Table 4 [10], in Figure 12, we 
showed that these differences in Nt-proBNP levels were driven by higher blood 
pressure and lower arterial compliance (or higher arterial stiffness) in black than white 
adults. These associations suggest potential early vascular changes contributing to 
cardiac alterations in the black population. 

 
Further work on Nt-
proBNP showed that pro-
inflammation as measured 
by C-reactive protein and 
plasma-soluble urokinase 
plasminogen activator 
receptor [11], may 
contribute to a higher 
cardiovascular risk as 
reflected by the 
associations obtained with 

Nt-proBNP as a marker of cardiac strain, in black South African men. Of note, the 
mean age of the black men (41.46 ± 13.8) were 5 years higher (p=0.003) than for white 
men (36.36 ± 11.7 years). Figure 13 illustrates the positive correlations of both C-
reactive protein and plasma-soluble urokinase plasminogen activator receptor with 
Nt-proBNP, especially in black men from the SAfrEIC study [11]. 
 

Kruger R, et al., PLOS One 8 (3), e58506

Figure 12. Excerpt from a publication illustrating the confounding factors contributing to higher Nt-proBNP levels in black 
compared to white adults in the SAfrEIC study.  

Kruger R, et al., Heart, Lung and Circulation 21 (2), 88-95

Figure 13. Single regression analysis of Nt-proBNP with markers of inflammation 
in black and white men. 



 

Nt-proBNP also associated with a marker of cardiac fibrosis, namely fibulin-1, 
contributing to pathological extracellular matrix remodelling, which can lead to 
abnormalities in matrix composition and quality, as well as an impaired heart muscle 
function. In black men we observed the higher levels of both Nt-proBNP and fibulin-
1 compared to white men (Figure 14), but similar levels in women [12]. Black men 
also hag higher systolic and diastolic blood pressure, lower arterial compliance and 
higher pulse wave velocity. We also confirmed a strong independent association 
between Nt-proBNP and fibulin-1 in black men only. 
 

During my postdoctoral fellowship we further investigated Nt-proBNP, fibulin-1, 
soluble urokinase plasminogen activator receptor in 374 patients with mild to 
moderate aortic stenosis before and during lipid-lowering treatment as part of the 
Simvastatin and Ezetimibe in Aortic Stenosis (SEAS) trial which was originally 
designed to investigate the potential of lipid lowering drug treatment to minimise 
aortic valve replacements and to curb the risk of cardiovascular disease and death 
[13]. We investigated the relationship of fibulin-1 with Nt-proBNP, levels of soluble 
urokinase plasminogen activator receptor and the degree of aortic stenosis at 
baseline and after one and four years of treatment with Simvastatin 40 mg and 
Ezetimibe 10 mg or placebo. Fibulin-1 and Nt-proBNP (both p<0.05) levels were 
higher in the moderate versus mild aortic stenosis group, but soluble urokinase 
plasminogen activator receptor levels were similar. After one year of follow-up, the 
differences in levels of fibulin-1, Nt-proBNP and soluble urokinase plasminogen 
activator receptor remained. But after four years the differences in fibulin-1, Nt-
proBNP and soluble urokinase plasminogen activator receptor did not differ any more 
[13]. Figure 15 shows the site of the left ventricular outflow tract (LVOT) to measure 
aortic valve area index to determine aortic stenosis.  

Figure 14. NT-proBNP levels by tertiles of fibulin-1 in African and Caucasian men and women adjusted for age, body 
mass index, systolic blood pressure, heart rate and estimated creatinine clearance. p denotes significance for trend; *p 
< 0.01 (tertile1 vs. tertile3). 

Kruger R, et al., Atherosclerosis 222 (1), 216-221



 

Higher levels of plasma fibulin-1 associated with aortic stenosis, elevated levels of 
Nt-proBNP and soluble urokinase plasminogen activator receptor (Figure 16). 
Fibulin-1 correlated with lower aortic valve area index after 1 and 4 years follow-up, 
but not with left ventricular mass (Figure 17), supporting the involvement of fibulin-1 
in the fibrotic process of myocardial extracellular matrix turnover as a result of 
elevated LV overload in patients with aortic stenosis [13]. 

 
 
 
 

LVOT

Kruger R, et al., PLOS One 2014; 9 (7), e101522

Figure 15. Publication of data from the Simvastatin and Ezetimibe in Aortic Stenosis (SEAS) trial and site of measurement 
of the aortic valve area index as shown by the cross-sectional plane of the left ventricular outflow tract (LVOT). 

Figure 16. Unadjusted correlations of fibulin-1 with Nt-proBNP and suPAR in patients with aortic stenosis during 4 years 
of follow-up. doi:10.1371/journal.pone.0101522.g001 Kruger R, et al., PLOS One 2014; 9 (7), e101522



 

 
More recently masked hypertension was reportedly common in young adults. People 
with masked hypertension are at greater risk for cardiovascular events as compared 
to white-coat hypertensive patients, but have a similar risk as sustained 
hypertensives. From the African-PREDICT study we investigated the potential 
presence of targe organ damage in young adults with masked hypertension [14].  

Kruger R, et al., PLOS One 2014; 9 (7), e101522

Figure 17. Unadjusted correlations of fibulin-1 with AVAI and LV mass index in patients with aortic stenosis during 4 
years of follow-up. doi:10.1371/journal.pone.0101522.g002 

67%

Sekoba NP, et al., J Hypertens 2018; 36 (8): 1689-1696

Figure 18. (a) Adjusted odds ratios with measures of echocardiography as dependent variables, adjusted for age; sex; 
ethnicity; socio-economic status; waist circumference (except LVMI); estimated glomerular filtrate rate; y-glutamyl 
transferase; cotinine. Mitral valve deceleration time and E/A ratio additionally adjusted for heart rate. (b) Unadjusted and 
adjusted odds ratios for left ventricular mass index. LVMI, left ventricular mass index. 



 

In unadjusted comparison, masked hypertensive participants had higher left 
ventricular mass index, relative wall thickness, and poorer fractional shortening and 
ejection fraction compared to normotensive participants. After adjusting for age, sex 
and ethnicity, and central adiposity only left ventricular mass index remained higher 
in masked hypertensive participants compared to normotensives. In binary logistic 
multivariable adjusted regression analysis, masked hypertensive participants showed 
a 67% higher odds of having increased left ventricular mass index compared to 
normotensives (Figure 18) [14]. 
 
Similarly, we showed that sodium excretion, as a measure of salt intake, associated 
positively with both left ventricular mass index and left ventricular internal diameter 
during diastole (as a measure of volume overload) in young masked hypertensive 
adults [15], as shown in Figure 19.  

With lifestyle and behavioural risk factors being main drivers in the aetiology of 
hypertension, we investigated the role of adiposity and physical activity in reduced 
heart rate variability among young adults. Heart rate variability is the physiological 
phenomenon of the variation in the time interval between consecutive heartbeats in 
milliseconds. A normal, healthy heart does not tick evenly like a metronome, but 
instead, when looking at the milliseconds between heartbeats, there is constant 

Figure 19. Unadjusted correlation of LVMI and LVIDd with sodium excretion in the study population. 



 

variation. Participants with obesity had lower mean heart rate variability than normal 
weight, as defined by time-domain parameters including the standard deviation of 
normal RR intervals (SDNN), root mean square of successive differences (RMSSD) 
and heart rate variability triangular index. SDNN reflects the cyclic variations during 
the 24-h recording, and RMSSD is closely related to the vagus nerve-mediated 
control of the heart. Participants with the highest physical activity levels had better 
heart rate variability (higher SDNN and RMSSD) than the least active individuals [16]. 
Body mass index, waist circumference and body fat associated with lower SDNN. 
With each unit increase of vigorous physical activity, a favourable higher RMSSD was 
observed. One unit increase in diastolic blood pressure was associated with poorer 
SDNN and RMSSD. Excess adiposity and low physical activity associated 
independently with depressed autonomic activity in young healthy adults (Figure 20) 
[16].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Further work in relation to cardiac structure and function included more novel 
approaches such as metabolomics. From urinary metabolomics analysis, higher 
urinary levels of hydroxyproline, glycine and trimethylamine were inversely associated 
with left ventricular mass index in black adults from the African-PREDICT study [17]. 
Hydroxyproline and glycine are important in maintaining healthy collagen turnover 
and stability in the heart, suggesting a potential increase in collagen biosynthesis and 
collagen deposition in the left ventricle, as a result of higher central systolic blood 
pressure in the black population (Figure 21). 
 

Figure 20. Interrelation between standard deviation of normal RR intervals (SDNN) and clinical body mass index 
(BMI) categories and physical activity tertiles SDNN, standard deviation of normal RR intervals; PA, physical 
activity. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In the before-mentioned work we mostly concluded that high blood pressure, arterial 
stiffness and changes in cardiac structure and function develop earlier in black than 
in white populations. The reasoning for these findings remain unclear, but there are 
many arguments to suggest that these findings are not based on skin colour, or 
specific genetic predispositions, but more closely related to lifestyle and behavioural 
risk factors influencing the epigenetic landscape and socio-cultural factors involved 
in health-disease relationships. More importantly, these findings may be related to 
socioeconomic inequalities and limited access to healthcare and food security.  
 
Due to the aforementioned conclusions that black populations may be more prone to 
early manifestations of cardiovascular disease, my research focus for the last 7 years 
shifted to research conducted in children and whether we could find answers to our 
questions we identified in the adult studies. 

Figure 21. Multi-variable adjusted regression analysis of left ventricular mass index with identified metabolites 
in the black and white group. *denotes p£0.05. Abbreviations: CSBP - Central systolic blood pressure. 

De Beer D, et al., Nutr Met Cardiovasc Dis 2020; 30:2051-2062



 

 
Early vascular aging (EVA), a concept first introduced in 2008 [18], refers to premature 
alterations in artery structure and function. More importantly, even earlier changes in 
the biomechanical makeup of blood vessels may be compromised during foetal 
(intrauterine) development due to maternal nutrition, maternal smoking, maternal 
health (i.e., eclampsia, gestational diabetes), access to health care (low 
socioeconomic status, lack of medical insurance), and prematurity or low birthweight. 
In 2019, I was invited to write an educational review for the journal Pediatric 
Nephrology based on my work in the African context and the multifactorial origin of 
cardiovascular disease and early vascular ageing in children, especially of African 
ancestry [19]. We adapted a figure from the Lancet Commission on Hypertension [20] 
and developed an elaboration on the potential trajectories of risk onset starting as 
early as in foetal development.  

 
 
 
 
 
 
 
 
 
 
 
 

 
 

What about us?

Kruger R, et al., Pediatr Nephrol 2020; 36, 1087–1108Figure 22. An adapted life course model in the setting of early vascular aging and the consequences of early-life 
programming prior to birth. SES - socioeconomic status, *Amended from Olsen et al., with permission from The 
Lancet. Copyright ©2016, Elsevier 



 

From the previously mentioned Arterial Stiffness in Offspring Study (ASOS), which 
was developed in 2014, executed in 2015, we published the data in 81 black and 
white boys (ages 6-8 years) to address the question we kept asking ourselves 
regarding the early onset of vascular compromise in especially the black population. 
We reported that black boys had higher pulse wave velocity in all sections of the 
arterial tree (Figure 23), higher diastolic blood pressure, and carotid intima–media 
thickness compared to white boys [21].  
 

 

 
In further collaboration with Prof Dimitrios Tsikas from the Institute of Toxicology, 
Core Unit Proteomics, Hannover Medical School, Hannover, Germany, we compared 
the urinary nitrate/nitrite ratios, as a measure of renal carbonic anhydrase-dependent 
excretion of nitrite between the black and white boys from the ASOS study [8]. This 
UNOxR is an indirect measure of nitric oxide bio-availability. The black boys showed 
lower UNOxR values compared to the white boys (Table 1 in Figure 23) , which is in 
line with lower nitric oxide bio-availability reported in black ethnicity.  

 

The Arterial Stiffness in Offspring Study (ASOS)

Mokwatsi GG, et al., J Hypertens 2017; 35 (5), 960-967Figure 23. Ethnic differences in pulse wave velocity between black and white boys (ages 6–8 years) from South 
Africa. Adapted from Mokwatsi et al.  

Figure 23. Summary of baseline urinary nitrate, nitrite and UNOxR values reported in healthy children, rats and mice, and 
calculated from reported urinary excretion rates of nitrate and nitrite 

Tsikas D, et al., Amino Acids 2018; 50:799-821



 

In further discovery work, we analyses untargeted urinary metabolites and 
investigated the potential links of pulse wave velocity and metabolomic pathways in 
black and white boys of the ASOS study [22]. This was the first study to discover the 
associations of pulse wave velocity with β-alanine, 1-methylhistidine, and L-proline 
in children from South Africa, which may suggest potential early compromise in 
cardiac protective metabolic pathways in black boys as young as 6 years of age. 
Pulse wave velocity associated inversely with β-alanine, 1-methylhistidine, and 
isovalerylcarnitine, but positively with L-proline, threonic acid and malonic acid 
(Figure 24) [22].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24. Multiple regression analysis of pulse wave velocity with urinary metabolites in black boy arterial pressure; WHtR, 
waist-to-height ratio. *Units are expressed as ng/µg creatinine. †p£0.05; ‡p<0.001. 



 

In 2017, I started an international collaboration with Prof Henner Hanssen from the 
University of Basel in Switzerland, namely the Exercise, Arterial Modulation and 
Nutrition in Youth South Africa study (ExAMIN Youth SA). Baseline collection started 
in September 2017 and ended in April 2019 and the project was registered to 
ClinicalTrials.gov (NCT04056377). The ExAMIN Youth SA study (Figure 25) is an 
analytical, multidisciplinary, observational cohort study, which screened n=1103 
black and white boys and girls between ages 5–9 years from primary schools in 
Mathlosana and JB Marx municipal areas of the North West province [23]. Lifestyle 
and behavioural risk factors contribute to the development of high blood pressure 
and increased adiposity, two of the most concerning health challenges globally. 
 

 
 
 
From our first analysis of the baseline cohort data, we aimed to address the obesity 
and hypertension prevalence among children, with limited evidence available on sex 
and ethnic differences in childhood blood pressure. In the ExAMIN Youth SA study 
we could address this and aimed to determine the number of children with 
hypertension (according to the latest 2017 American Academy of Pediatrics Clinical 
Practice Guidelines) and obesity to identify unique adiposity and blood pressure 
characteristics by sex and ethnicity, and to estimate the odds of having elevated 
blood pressure with increasing adiposity [24]. In South Africa, there currently exists 
no normative reference values for blood pressure in children, especially from African 
ancestry. Almost I out of every 5 children were overweight/obese and 14% were 
within elevated blood pressure ranges or hypertension ranges (22.8%). White children 
had greater adiposity compared to black children, but black children had higher 
diastolic blood pressure and total vascular resistance compared with white children. 

Kruger R, et al., Frontiers Ped 2020; 8: 212

Figure 25. Protocol paper of the Exercise, Arterial Modulation and Nutrition in Youth South Africa Study (ExAMIN Youth SA) 
and outline of data collection.  



 

Girls had higher diastolic blood pressure and total vascular resistance than boys. We 
reported an increased odds of 51–60% for developing elevated blood pressure for 
each standard deviation increase of sex-specific body mass index for age adjusted 
z-score and waist/height ratio (Figure 26) [24]. 

 
Childhood adversity has been linked to increases in oxidative stress and high blood 
pressure, while elevated circulatory stress mediators such as cortisol seem to play 
an important role in the development of hypertension and metabolic disorders later 
in life. The hypothalamic-pituitary-adrenal axis is an important endocrine system that 
is activated when a person experiences stress. Cortisol is the primary hormone 
released when the body experiences a stressor, either physical or mental. Cortisol is 
produced in the adrenal gland and affects the way glucose is metabolized by the 
body. We assessed the associations of body composition, cardiorespiratory fitness, 
blood pressure and ethnicity with cortisol reactivity in young children [25]. 

 
 
 
 
 
 
 
 
 

60%
Kruger R, et al., J Hypertens 2021, ePub

Figure 26. Proportions of children within elevated blood pressure or hypertensive ranges and thinness or overweight/obesity, 
as well as odds ratios of elevated blood pressure risk in the presence of excess adiposity.  

Köchli S, et al., Int J Envir Res Pub Health 2021; 18:7898

Figure 27. Comparison of cortisol reactivity in relation to (A) blood pressure categories, (B) tertiles of cardiorespiratory 
fitness and (C) black and white participants. 



 

In Figure 27, children within the highest percentile of blood pressure, lowest levels of 
cardiorespiratory fitness and of black ethnicity showed the lowest cortisol reactivity 
[25].  
 
We also investigated a marker of proximal tubular function in the kidney, namely α-1 
microglobulin. In children of black ethnicity, elevated blood pressure related positively 
α-1 microglobulin (Figure 28), highlighting the importance of screening for elevated 
blood pressure in children to promote primary prevention of hypertension and early 
onset kidney damage [26]. 

 

 

Figure 28. Comparison of the median values of α-1 microglobulin levels in the study population (n=957) stratified according 
to BP status and ethnicity (adjusted for age and sex). *Significant between-group difference (<90th BP percentile and the 
>95th BP percentile in the black group (P<0.001)). 



 

The way forward 

With the recent focus on child health, especially modifiable risk factors such as 
obesity and high blood pressure, I founded the Childhood Hypertension Consortium 
of South Africa (CHCSA), a non-profit company aimed at addressing the current lack 
of normative reference values in children and adolescents in South Africa and to 
develop the first set of clinical practice guidelines for the management of paediatric 
hypertension. Since several demographic and socio-cultural differences exist of 
European and American population of African ancestry with the South African black 
population, this is a lead in the right direction to optimise care in South African 
children. 
 
We have also made huge strides in research across the life course (Figure 29), but 
one main area of development remains, namely neonatal development and the 
intrauterine environment and its effects on foetal development. This is an area in 
which my research aims to expand and contribute to the current lack of data from 
populations in the North West province. 

 
 
 
In addition, I form part of several other consortia to address chronic kidney disease 
in Africa [27], as well as normative reference values of vascular ageing as determined 
by pulse wave velocity as part of the Youth Vascular Consortium (YVC).  
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Figure 29. Illustration of studies conducted within the Hypertension in Africa Research Tam (HART) over the life course. 
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