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PREFACE 

This dissertation for the Master in Health Sciences (MHSc) study “Left ventricular structure 

and function and the link with oxidative stress in young adults: The African-PREDICT study” 

is submitted in fulfilment of the requirements for the degree MHSc in Cardiovascular 

Physiology at the North-West University. This dissertation is presented in article format 

(Chapter 3), which is an approved format of the North-West University as set out in the 

guidelines for postgraduate studies. 

The chapter outline of this dissertation is as follows: 

Chapter 1: Background, motivation, literature study, aims and hypotheses for the study 

Chapter 2: Methodology  

Chapter 3: Research article 

Chapter 4: Concluding remarks and future recommendations 

All relevant references are provided at the end of each chapter. The manuscript was 

prepared, according to the author guidelines of the journal Heart, Lung and Circulation (which 

are summarised before the manuscript). In order to ensure uniformity of the dissertation, the 

Vancouver reference style was used throughout, as this is the preferred style of the journal 

Heart, Lung and Circulation.   
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SUMMARY  

Background 

In developed counties, the contribution of cardiovascular diseases (CVDs) to morbidity and 

mortality rates is well documented. In a study conducted in South Africa (N=4506), it was 

found that 92% of the study population (mean age 53 years) were suffering from CVDs, 

53.5% of which were hypertensive and 47.1% of which suffered from heart failure. Oxidative 

stress is a well-known contributor to cardiovascular diseases. However, previous studies that 

linked oxidative stress to cardiac structure and function were done in older individuals or 

experimental animal studies. Less is known about the link between cardiac structure and 

function and oxidative stress-related markers in young populations before the development 

of CVDs. This study, therefore, focused on young and healthy adults to uncover early 

associations of cardiac structure and function with oxidative stress-related markers.  

Objectives 

The objectives of this study were (i) to compare cardiac structure and oxidative stress-related 

markers and (ii) to explore independent associations of cardiac structure and function with 

oxidative stress-related markers. 

Methods 

This study formed part of the African Prospective Study on the Early Detection and 

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

361 individuals with complete oxidative stress data. The participants were from 

Potchefstroom and surrounding areas. They were aged between 20 and 30 years, had to 

have an office blood pressure of less than 140 mmHg systolic and 90 mmHg diastolic, were 

of self-reported black or white ethnicity and were apparently healthy. Standardised methods 

were used to determine anthropometric measurements. Biochemical measurements, 

including oxidative stress-related markers (gamma-glutamyl transferase (GGT), glutathione 
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peroxidase (GPx), total glutathione (tGSH); and total antioxidant status (TAS) and traditional 

CVD risk markers (such as total cholesterol, high-density lipoprotein cholesterol, C-reactive 

protein and cotinine levels). Echocardiographic measurements, including let ventricular mass 

index (LVMi), relative wall thickness (RWT), ejection fraction (EF) and fractional shortening 

(FS), were determined by standard transthoracic echocardiography. 

Several interactions were identified for ethnicity and gender on the association between 

measures of LV structure and function markers and oxidative stress-related markers. The 

participants were therefore stratified according to gender and ethnicity. Independent t-Tests 

and Chi-square tests were performed to compare means and proportions among groups. 

Partial and multiple regression analyses were used to investigate the relationship between 

LV structure and function and oxidative stress-related markers while considering possible 

confounding factors.  

Results and conclusions 

We found that the LVMi was comparable among the men and women and the RWT was 

higher in both the black women (p<0.001) and the black men (p=0.014). Ejection fraction and 

FS were comparable among the women, but lower in the white men than in the black men 

(p=0.013). Oxidative stress-related markers revealed higher GGT in the black women than 

in the white women (p<0.001), whereas in the men, GGT was comparable. Glutathione 

peroxidase (p<0.001) and TAS (p<0.001) were lower, but tGSH (p<0.001) was higher among 

both the black groups. In multiple regression analyses, after adjusting for confounding 

factors, LVMi was independently associated with GPx in black women (β=–0.286; p=0.010) 

and white men (β=0.329; p=0.004). In the white men only, both EF (β=–0.345; p=0.018) and 

FS (β=–0.335; p=0.019) were inversely associated with GGT. These results indicate the 

importance of adequate antioxidant capacity to prevent the onset of early cardiac 

dysfunction. Further investigations are warranted to clarify the opposing associations 

between iLVM and GPx in the black women and white men.  
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LITERATURE STUDY 

Background 

Cardiovascular diseases (CVDs) are the primary cause of death globally, as reported by the 

World Health Organisation [1]. In the Heart of Soweto Study, with a population size of 4 506 

South African individuals and mostly black Africans, it was found that 92% of the patients 

had an underlying CVD [2]. Hypertension is an important risk factor for CVD, and in 2015, 

sub-Saharan Africa was one of the countries in the world with the highest blood pressure 

levels [3]. In 2012, hypertensive heart disease was the fifth main cause of mortality in black 

South Africans; however, in white South Africans, hypertensive heart diseases were not 

among the top ten causes of mortality [4]. This indicates ethnic differences in the 

epidemiology of CVD, which should be investigated further. In a recent study involving young 

and healthy South Africans, masked hypertension was positively associated with the left 

ventricular mass index (LVMi), demonstrating that despite a young age, LVMi may already 

be altered [5]. Oxidative stress affects the progression of CVD [6-9]. Studies done in South 

Africa also showed significant differences in the oxidative stress profiles of black individuals 

compared to their white counterparts [10-12]. In addition it was also demonstrated in young 

black men that oxidative stress-related markers, such as lower glutathione peroxidase (GPx), 

are associated with higher pulse pressure, suggesting that oxidative stress may already 

influence the early phases of vascular disease development [13]. However, a large portion 

of the literature available on the relation of between oxidative stress (and oxidative stress-

related markers) with CVD has been on research performed in older individuals with [14, 15] 

or without [16, 17] advanced CVD or in experimental animal models [18-27]. In the literature 

search, we identified a gap in the link between oxidative stress-related markers with cardiac 

structure and function markers in young, healthy individuals. 
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Reactive oxygen species, the antioxidant defence system and oxidative 

stress 

In normal physiology, reactive oxygen species (ROS) are very tightly controlled by anti-

oxidants and remain in very low concentrations, allowing ROS to act as second messengers 

in signal transduction pathways [28]. Oxidative stress is defined as an imbalance between 

oxidants and antioxidants, i.e. oxidants exceeding anti-oxidants [29]. Various factors 

contribute to redox imbalance, including lifestyle factors such as alcohol consumption [30] 

smoking [31], inflammation [32] or infection [33]. There are two types of free radicals in 

human physiology namely ROS and reactive nitrogen species (RNS) [34], with ROS being 

the most abundant [35].  

The antioxidant defence system includes an enzyme system, including superoxide 

dismutase (SOD), glutathione peroxidase (GPx), glutathione reductase (GR) and gamma-

glutamyl transferase (GGT), and non-enzymatic molecules, such as total glutathione (tGSH) 

and vitamins A, E and C [36]. The antioxidant enzyme SOD is responsible for the reduction 

of superoxide (O2
●-) to hydrogen peroxide (H2O2) [37]. Hydrogen peroxide is then eliminated 

by the GPx enzyme, which leads to the oxidation of reduced glutathione (GSH) to form 

glutathione disulphide (GSSG) [14]. The enzyme GR is responsible for the reduction of 

GSSG to make GSH available again (Figure 1) [38]. The balance between the activities of 

SOD and GPx is important to prevent oxidative lipid, protein and DNA damage [39]. 
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Figure 1: The enzymatic antioxidant system.  

Abbreviations: CAT: Catalase; GPx: glutathione peroxidase; GR: glutathione reductase; SOD: 

superoxide dismutase; O2
●-: superoxide; H2O2: hydrogen peroxide; GSH: glutathione; GSSG: 

glutathione disulphide; NADP+: Nicotinamide adenine dinucleotide phosphate (oxidised); NADPH: 

nicotinamide adenine dinucleotide phosphate (reduced); G-6-PDH: glucose-6-phosphate 

dehydrogenase; GGT: gamma-glutamyl transferase; Cys-Gly: cysteinyl-glycine; gamma-glu-amino 

acid: gamma-glutamyl amino acid [38]. 

Gamma-glutamyltransferase is a known marker of alcohol abuse, since elevated GGT can 

indicate liver damage [40-42]. Some studies suggest that elevated GGT may also be an early 

and sensitive marker for oxidative stress [40-42] independent of alcohol consumption [17, 

43, 44]. Gamma-glutamyltransferase is responsible for the extracellular breakdown of 

glutathione, while transferring a glutamyl moiety to acceptor amino acids to be made 

available for intracellular resynthesis of GSH [45]. Experimental studies indicated that GGT 

increases the production of ROS [46-48]. Cysteinyl-glycine, one of the products of GGT 

action, is capable of reducing Fe3+ to Fe2+, directly resulting in the production of free radical 

species [41].  
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Oxidative stress and cardiac structure and function 

Reactive oxygen species plays an important role in the heart for cardiomyocytes produce 

ROS through NAD(P)H oxidase to regulate intracellular signalling cascades [49]. Oxidative 

stress is therefore also involved in alterations in left ventricular structure and function. 

Oxidative stress have several different effects on the heart, the most eminent being damage 

to macromolecules, membranes and enzymes involved in energy production, which may lead 

to energy deficiency and increased apoptosis [50]. 

Changes in cardiac structure and function due to oxidative stress can develop as a result of 

two mechanisms (direct and indirect). Indirectly, increased ROS (or oxidative stress) may 

contribute to the development of hypertension and arterial stiffness and this increases the 

workload on the heart through the increased afterload effect [51]. When the heart 

experiences a hemodynamic load, as is the case with hypertension and increased arterial 

stiffness, the following compensatory mechanisms can be implemented: (i) the Frank-Starling 

mechanism to increase cross-bridge formation or (ii) increasing muscle mass. The Frank-

Starling law briefly states that the force of the contraction of the heart depends on the blood 

volume present in the ventricle at the end of diastole. The stretching of the muscle fibres 

alters the Ca2+ sensitivity of the myofibrils and then causes an increase in actin-myosin cross-

bridges to form [52]. This mechanism is limited due to the limited muscle fibre length [53]. 

Therefore, increased left ventricular (LV) muscle mass assumes the key role in the 

compensatory mechanisms [53]. 

Oxidative stress and the vasculature 

Reactive oxygen species have been implicated in numerous cardiovascular diseases, 

including hypertension, atherosclerosis, cardiac hypertrophy, heart failure and stroke [54-56]. 

In the vasculature, nitric oxide (NO) is responsible for endothelium-dependent vasorelaxation 

[57]. The enzyme responsible for NO production – endothelial nitric oxide synthase (eNOS) 

– requires tetrahydrobiopterin (BH4), bound near its heme group, and L-arginine to form L-
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citrulline and NO. Also, BH4 is responsible for a balance between NO and O2
●- [28]. Branched 

arteries are exposed to oscillatory shear stress, which leads to the continuous NAPDH-

dependent production of O2
●-. Increased O2

●- reacts with NO to form peroxynitrite (ONOO-), 

which in turn oxidises BH4, the eNOS-cofactor [58]. In the presence of oxidised BH4, eNOS 

becomes uncoupled and produces more O2
●- and H2O2 [7, 57, 59]. This leads to a vicious 

cycle of ROS-induced ROS production and ultimately leads to endothelial dysfunction [7, 58, 

59]. Endothelial dysfunction in lesion-prone areas of the arterial vascular leads to circulating 

lipoprotein particles accumulating in the sub-endothelial space [60, 61]. This then leads to 

the gathering of circulating monocytes to the intima [60, 62], where they differentiate into 

macrophages and, finally, foam cells [60]. Foam cells in the intima are the first sign for the 

development of an atherosclerotic lesion (Figure 2)[63]. 

 
Figure 2: A normal arterial wall versus an arterial wall with an atherosclerotic lesion 

 

Oxidative stress and hypertension 

Several studies have demonstrated the link between elevated ROS and the development of 

hypertension, some including experimental hypertension models as well as human 

hypertension [64-66]. Studies have also revealed that antioxidant treatment can be effective 

for lowering high blood pressure [67]. It is believed that there is a feed-forward system 

whereby a pro-oxidant state promotes hypertension which, in turn, causes increased ROS 

formation [54]. Ultimately, chronic hypertension leads to compensatory hypertrophy to handle 

the increased workload on the heart [68]. Several studies have shown that the beneficial 
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effects of anti-hypertensive drugs, such as angiotensin I converting enzyme inhibitors, 

angiotensin-II receptor antagonists, b-adrenergic, and calcium channel blockers, may, in 

part, be mediated by decreasing vascular oxidative stress [69-72]. 

Reactive oxygen species directly influences the function of the heart as a mediator of 

excitation-contraction coupling [73]. Similarly, structure is influenced by ROS by stimulating 

a variety of hypertrophy-signalling kinases [73-75].  

Oxidative stress and excitation-contraction coupling 

Reactive oxygen species plays an important role in the heart, and oxidative stress is, 

therefore involved in alterations in LV structure and function. Oxidative stress has several 

different effects on the heart, the most eminent being damage to the macromolecules, 

membranes and enzymes involved in energy production, which may lead to energy 

deficiency and increased apoptosis [50]. The excitation-contraction coupling system, 

responsible for the coordination of the contractile function of the heart, is susceptible to 

oxidative modification [73].  

The cardiac ryanodine receptor (RyR2), located on the sarcoplasmic reticulum (SR), acts as 

the main effector of calcium-induced calcium release in the excitation-contraction-coupling 

system [73, 76-78]. The RyR2 receptor is activated by Ca2+, entering through voltage-gated 

Ca2+ channels [73, 76-78]. This induces the further release of Ca2+ from the SR, thereby 

activating the contraction system [73, 76-78]. Abnormal oxidative modification of RyR2s by 

ROS, presumably through disulphide oxidation, leads to sarcoplasmic reticulum Ca2+ loss 

[27]. Sarcoplasmic reticulum Ca2+ depletion, in turn, causes a negative inotropic effect in the 

heart (reduced contractile force) [73]. Studies have also shown that cardiac voltage-gated 

Ca2+ and Na+ channels, sarcoplasmic reticulum calcium ATPase, Na+/Ca2+ exchanger, and 

other ion-handling proteins are subject to oxidative modifications, resulting in altered 

(beneficial or detrimental) cardiac contractile function [25, 73].  
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Oxidative stress and hypertrophy-signalling kinases 

Cardiac hypertrophy are partially regulated by redox-dependent modifications [75, 79]. In a 

study done on neonatal rat cardiomyocytes, SOD was inhibited gradually by the copper 

chelator, diethyldithiocarbamic acid [80]. With a small increase in ROS due to inhibition of 

SOD, hypertrophy increases, leading to increased LVMi, while a further increase in ROS due 

to prolonged inhibition of SOD might result in apoptosis [75, 79-81]. Similar to superoxide, 

hydrogen peroxide can cause alterations in the heart structure through activation of 

hypertrophy signalling kinases such tyrosine kinase Src, GTP-binding protein Ras, protein 

kinase C, mitogen-activated protein kinases and Jun-nuclear kinase [74, 75, 81]. As 

mentioned before, the GPx enzyme is responsible for elimination of hydrogen peroxide, and 

therefore decreased GPx may result in increased levels of hydrogen peroxide [14]. 

Gender and racial differences in oxidative stress-related markers and cardiac 

structure and function. 

In a study done in 2013, it was found that black South Africans have higher serum peroxides 

and GGT levels as well as a more vulnerable cardiovascular profile, than their white 

counterparts [10]. Another study revealed that black South Africans might be more 

susceptible to early onset cardiac changes under conditions of higher SBP compared to white 

South Africans of a similar age [82]. The study population of these studies included black 

and white participants aged 20 to 70 years with a mean age of about 40 years, whereas our 

population sample will be of participants aged 20 to 30 years. Cardiovascular gender 

differences have been explored by several studies and may be due to sex hormone 

differences [83, 84] and differences distribution of abdominal visceral adipose tissue [85]. 

Adipose tissue, which secretes pro-inflammatory cytokines, such as tumour necrosis factor 

α, interleukin-1, and interleukin-6, are potential stimulators for the production reactive oxygen 

species and reactive nitrogen species by macrophages and monocytes [86, 87]. 
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MOTIVATION 

A strong link exists between the oxidant and anti-oxidant system and the development of 

cardiovascular disease [8, 88-90]. Previous studies on black South Africans linked oxidative 

stress-related markers with arterial wall remodelling, increased blood pressure, reduced 

compliance and increased vascular resistance, all which have detrimental effects on cardiac 

structure and function [12, 91]. However, these findings were observed in older participants, 

with some already hypertensive or at increased risk of cardiovascular disease. The 

associations between oxidative stress-related markers and LV structure and function 

markers in young and healthy adults have not yet been studied. On investigating whether 

oxidative stress-related markers associate with LV structure and function in this currently 

understudied population, we can help elucidate where age, hypertension status and other 

co-morbidities of the previous studies have [14-17] confounded the reported results. 

AIMS 

We explored whether cardiac structure and function are associated with oxidative stress-

related markers in young and healthy South Africans, in groups stratified by gender and 

ethnicity. 

OBJECTIVES 

In a study population of young (20-30 years) healthy black and white men and women, our 

objectives are to: 

i. To compare cardiac structure (left ventricular mass index (LVMi) and relative wall 

thickness (RWT)) and function (ejection fraction (EF) and fractional shortening (FS)), 

and oxidative stress-related markers (GGT, GPx, tGSH and total antioxidant status 

(TAS)) between groups stratified by gender and ethnicity. 
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ii. To explore associations of cardiac structure and function with oxidative stress-related 

markers between groups stratified by gender and ethnicity. 

HYPOTHESIS 

Regarding our first objective, we hypothesise that: 

 markers of cardiac structure (LVM and RWT) will be higher in the black men and 

women compared to the white men and women; 

 markers of systolic function (EF and FS) will be comparable between the black and 

white women and the black and white men respectively; and 

 GGT will be higher in the black men and women, and GPx, GSH and TAS will be 

lower in the black men and women compared to the white men and women. 

With regard to our second objective, we hypothesise that: 

 markers of cardiac structure (LVM and RWT) will positively associate with GGT and 

negatively with GPx GSH and TAS in the black men and women only; and 

 ejection fraction and FS will positively associate with GGT and negatively with GPx, 

GSH and TAS in the black men and women only.  
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STUDY DESIGN AND POPULATION SAMPLE 

Cross-sectional data from the African PRospective study on the Early Detection and 

Identification of Cardiovascular disease and HyperTension (African-PREDICT) were used. 

The African-PREDICT study is a longitudinal study focusing on the early stages of 

hypertension and CVD development in 1 202 young, healthy black and white individuals (aged 

20-30 years) over a follow-up period of ten years. This ongoing study is performed in and 

around the Potchefstroom area. The population sample for this study required young and 

healthy individuals; therefore, the African-PREDICT study adhered to strict eligibility criteria, 

listed in Table 1. 

 Table 1: Eligibility criteria for the African-PREDICT study 

Inclusion criteria Exclusion criteria 

  
1. Self-reported black or white ethnicity 

2. Aged 20-30 years 

3. Men and Women (equally distributed) 

4. Apparently healthy 

5. Normotensive or pre-hypertensive 

(SBP<140 and DBP<90mmHg) based 

on the average of 4 BP measures in one 

day 

1. Self-reported Indian, Asian, mixed origin 

ethnicity 

2. A not permanent resident of 

Potchefstroom or surrounding areas or 

not intending to return regularly to this 

area 

3. Inability to read or understand English 

4. Previously diagnosed with Type 1 or 2 

Diabetes Mellitus 

5. Elevated glucose >5.6 mmol/L 

(confirmed glycated haemoglobin 

(HbA1c) ≥ 6.5%) 

6. HIV or another 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 
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10. Medication use for chronic disease, i.e. 

antihypertensive, anti-diabetic, 

antiretroviral or anti-inflammatory 

medication 

11. Self-reported pregnancy or women who 

breastfeed 

12. Recent surgery or trauma (within the 

past three months) 

13. Self-reported previous history of stroke, 

angina pectoris or myocardial infarction 

14. Phobia for needles (used during blood 

sampling) 

For this MHSc study, we included the first consecutive 426 individuals of the African PREDICT 

study since, at the time of commencement of this study, this was the number of participants 

for which the biochemical analyses were complete and available in the dataset. After excluding 

individuals with missing values for variables of interest (n=65), a total of 361 participants were 

included in this cross-sectional study. Both the African-PREDICT study (NWU-00001-12-A1) 

and this MHSc study (NWU-00047-17-A1) (Appendix A) had been approved by the Health 

Research Ethics Committee of the North-West University, with all procedures performed 

according to the principles as set out in the Declaration of Helsinki. 

ORGANISATIONAL PROCEDURES 

Recruitment for the African-PREDICT study took place from the beginning of 2012 until the 

baseline sample of 1 202 participants was reached. The recruited participants firstly entered 

into a screening phase, where the eligibility of the participants was assessed. All of the 

participants received feedback at the end of the screening day. The participants who met the 

eligibility criteria were invited to be part of the African-PREDICT study and given detailed 

information about the study and the measurements that would be taken. For those participants 

who were willing and able to participate, an appointment was made at the Hypertension 

Research and Training Clinic of the North-West University. 
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The screening took place at the Hypertension Research and Training Clinic and other 

locations, such as the participants’ workplace, to increase accessibility for participants. 

Screening procedures included a general health and demographic questionnaire, fasting rapid 

blood analyses via a finger prick (to measure total cholesterol, blood glucose and an HIV test), 

brachial blood pressure, a dipstick spot urine test and anthropometric measurements. Prior to 

the brachial office blood pressure being taken, the individuals were requested not to smoke, 

exercise or eat for 30 minutes leading up to the measurement and they were asked to be 

seated in an upright position with the arm supported at heart level. The first measurement was 

taken on the left arm. After that, the blood pressure of the right arm was measured twice and, 

lastly, the left arm blood pressure was measured again. The HIV testing was done by a trained 

counsellor and the participants received pre- and post-counselling in a private room. All of the 

participants signed an informed consent form before the screening phase. Before taking part 

in the research study, the participants were also informed that they could withdraw at any time 

without penalty. 

METHODOLOGY PERTAINING TO THIS MHSC STUDY 

Questionnaire data 

Each participant completed a general health questionnaire [1]. The data included demographic 

information, employment information, and information on alcohol and tobacco use, medication 

use, family history and socioeconomic status as well as basic data such as age, gender and 

ethnicity. The data obtained from the questionnaire would be used to obtain data on 

confounding factors such as alcohol, tobacco and medication use, especially contraception 

use in women. 

Body composition and physical activity 

Anthropometric measurements included body weight (SECA electronic scales, SECA, 

Birmingham, United Kingdom), height (m) (SECA stadiometer, SECA) and waist 
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circumference (cm) (Lufkin Steel Anthropometric tape, W606PM, Lufkin, Apex, United States 

of America). Body surface area was calculated by using the Mosteller equation [2], that is to 

say, body surface area (m2) is equal to the square root of (height (cm) x weight (kg)/3600). All 

anthropometric measurements were performed according to the guidelines as described by 

the International Society for the Advancement of Kinanthropometry [3]. The anthropometric 

data are important to consider the effect of obesity on inflammation and oxidative stress [4, 5], 

as well as the effect on the heart structure and function [6]. All of the participants were fitted 

with an ActiHeart physical activity monitor, which was worn for a maximum of seven days 

(CamNtech Ltd., England, United Kingdom). The ActiHeart monitor records heart rate, inter-

beat-interval and physical activity. The data were used to obtain the activity energy 

expenditure (AEE) [7], which is of importance because strenuous exercise has been reported 

to influence the redox balance [8] as well as effects on the heart [8]. 

Blood pressure measurements 

Participants were fitted with a 24-hour ambulatory blood pressure (ABPM) and 

electrocardiography apparatus (Card(X)plore, Meditech, Budapest, Hungary, British 

Hypertension Society-validated). An appropriately sized cuff was fitted to each participant and 

the device was programmed to take recordings every 30 minutes during the day (6 am to 10 

pm) and every hour during the night (10 pm to 6 am). The mean successful inflation rate of 

the participants over a 24-hour period was 87.5%. The ABPM was fitted to each participant at 

approximately the same time every day (late morning). The Subcommittee of Professional and 

Public Education of the American Heart Association Council on High Blood Pressure Research 

recommends using 24-hour ambulatory blood pressure measurement for measuring blood 

pressure, since several prospective studies have revealed that it predicts the risk of morbid 

cardiovascular events better than office blood pressure [9]. 
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Echocardiography 

A standard transthoracic echocardiography procedure was followed by a trained technologist 

while each participant was in a partial left decubitus position with the head of the examining 

table slightly elevated. The echocardiography data were analysed using the EchoPAC 

software (GE, Version 10.8.1) to determine measures of LV structure and function. The 

General Electric Vivid E9 device (GE Vingmed Ultrasound A/S, Horten, Norway) was used 

(Figure 1), along with the 2.5 to 3.5 MHz transducer and a single electrocardiogram (ECG) 

lead for timing purposes. Standardised methods were used to obtain high-quality recordings, 

according to the guidelines of the European Association of Echocardiography and the 

American Society of Echocardiography [10, 11]. 

 

Figure 1: A photo taken of the General Electric Vivid E9 device in the HART Research and Training 
Lab for echocardiography data 
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Left ventricular mass was calculated by the corrected Devereux formula and indexed for body 

surface area [12], hence LV mass index (LVMi) [13]. Left ventricular mass needs to be 

normalized according to body size and according to the American Society of 

Echocardiography’s guidelines [14]. Relative wall thickness (RWT) was calculated as twice 

the posterior wall thickness by LV diastole diameter [10]. Global LV systolic function was 

derived from linear measurements obtained from 2D images since the study population did 

not present with regional wall motion abnormalities or irregular heart rhythm [15]. Standard 

methods were used to determine endocardial fractional shortening (see Formula 1) (FS) [10]. 

Left ventricular ejection fraction (EF) was calculated from LV end-diastolic and end-systolic 

volume estimates derived from 2D images according to the biplane method (see Formula 2) 

[10]. 

Formula 1: Fractional shortening [16] 

Fractional shortening = 
End diastolic dimension – End systolic dimension

End diastolic dimension
 

 

Formula 2: Ejection fraction [16] 

Ejection Fraction = 
End diastolic volume – End systolic volume

End diastolic volume
 

 

Biochemical measurements 

Blood samples from fasting participants were collected in the appropriate tubes and processed 

accordingly to yield serum and plasma fractions. Glucose was determined in plasma, prepared 

in sodium fluoride tubes, using a Cobas Integra 400 plus auto-analyser (Roche, Basel, 

Switzerland). Basic serum analysis was done, including total cholesterol, high-density 

lipoprotein cholesterol, high-sensitivity C-reactive protein and GGT measured using the Cobas 
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Integra 400 plus (Roche, Basel, Switzerland). Total cholesterol and high-density lipoprotein 

was used as adjustments in the multiple regression analysis due to it being indicative of 

cardiovascular risk [17]. C-reactive protein is a marker for inflammation [18]. Cotinine, a 

metabolite of nicotine, was measured with a chemiluminescence method on the Immulite 

(Siemens, Erlangen, Germany). 

Glutathione peroxidase and TAS were measured using assay kits (Randox, Co., Antrim, 

United Kingdom) on the Cobas Integra 400 plus (Roche, Basel, Switzerland). Total 

Glutathione levels were determined with the use of the BIOXYTECH® GSH/GSSG-412TM kit 

(OxisResearch™, a division of Health Products, Foster City, California, United States of 

America) on Synergy H4 hybrid microplate reader (BioTek, Winooski, Vermont, United States 

of America). The African-PREDICT study protocol included the following panel of oxidative 

stress-related markers; glutathione reductase, TAS, reactive oxygen species (or serum 

peroxides, superoxide dismutase, glutathione peroxidase, and total glutathione. We excluded 

some of the oxidative stress-related markers that did not have any significant interactions or 

correlations with the cardiac measures. 

In order to express the precision of the biochemical assays, we reported the intra- and inter-

assay variability (Table 2), which is calculated by dividing the standard deviation of the set of 

measurements by the mean of that set, and then multiplying this by a hundred to yield a 

percentage. 
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Table 2: Summary of the intra-assay and inter-assay variability of the biochemical measures 

Biochemical measurement 
Intra-assay 

variability (%) 

Inter-assay 

variability (%) 

Gamma-Glutamyl transferase (U/mL) 1.80 1.80 

Glutathione Peroxidase (U/L) 4.86 7.30 

Glutathione (µM) 6.16 13.7 

Total anti-oxidant status (mmol/L) 4.07 5.06 

Glucose (mmol/L) 1.80 2.10 

Total cholesterol (mmol/L) 0.51 1.90 

High density lipoproteins (mmol/L) 1.13 1.00 

Cotinine (ng/mL) 
10.7 in low concentrations 

5.5 in high concentrations* 

C-reactive protein (mg/L) 1.30 3.50 

* Intra- and inter-assay variability was similar with cotinine however differs with low and high 

concentrations 

 

Student participation in data collection 

The African-PREDICT study is a longitudinal study and the data collection takes place over 

several years; therefore, it is not possible for a student to be part of every phase of the data 

collection. The biochemical analysis were done by the Laboratory Manager and the students 

were not able to obtain these skills during the course of a Master’s degree. The cardiac 

measures were done by a trained clinical technologist, however I was present during several 

measurements with permission form the participant to observe the manner in which data were 

collected. My involvement in the data collection involved the screening of participants, 

specifically the rapid tests (blood glucose, total cholesterol, blood typing and urine analysis), 

blood pressure measurements, pulse wave analysis and biological sample preparation and 

aliquoting for long-term storage in the research laboratory.   
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ABSTRACT 

Background: Oxidative stress is associated with detrimental effects on the heart and 

vasculature, especially in older individuals. However, it is unclear whether oxidative stress-

related markers are associated with cardiac structure and function in young, healthy adults. 

We, therefore, investigated the links between cardiac structure and function with oxidative 

stress-related markers in young, healthy adults. 

Methods: A total of 361 black and white men and women (aged 20-30 years) were included 

in this cross-sectional study. Echocardiography measures included relative wall thickness 

(RWT), left ventricular mass index (LVMi), ejection fraction (EF) and fractional shortening (FS). 

The oxidative stress markers, gamma-glutamyl transferase (GGT), glutathione peroxidase 

(GPx), total glutathione (tGSH) and total antioxidant status (TAS) were also measured. 

Results: When comparing the black and white groups, EF and FS were comparable between 

women but lower for the white men than the black men (p=0.013). LVMi was comparable 

among all of the black and white groups. When comparing oxidative stress markers, GGT was 

higher in the black women that the white women (p<0.001), while GPx was lower among both 

the black groups (all p<0.05). In the multiple regression analysis, LVMi was independently 

associated with GPx in black women (β=–0.286; p=0.010) and white men (β=0.329; p=0.004). 

In the white men only, both EF (β=–0.345; p=0.018) and FS (β=–0.335; p=0.019) were 

inversely associated with GGT. 

Conclusions: In a young population, oxidative stress-related markers were associated with 

markers of cardiac function and structure. Future longitudinal investigations are needed to 

clarify the whether these associations are beneficial or adverse. 

Keywords: Left ventricular mass, glutathione peroxidase, gamma-glutamyl transferase, 

ethnicity, young adults  
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INTRODUCTION 

Reactive oxygen species (ROS) are involved in physiological signal transduction pathways, 

such as oxidative modification of regulatory and contractile proteins [1]. However, oxidative 

stress (an imbalance between oxidants and antioxidants) is associated with vascular 

remodelling, endothelial dysfunction and cardiomyopathy [1-3], which may consequently 

contribute to cardiac hypertrophy [4-6] and adverse cardiac function [1, 7].  

In South Africa, previous studies revealed significant differences in oxidative stress and blood 

pressure [8, 9], carotid intima-media thickness [8] and arterial stiffness [9], in older black 

individuals with increased cardiovascular disease risk factors. Several previous studies 

focussed on blood pressure and hypertension and its association with oxidative stress-related 

markers in black individuals compared to their white counterparts, however the mean age of 

the participants in this studies were all above 40 years [8, 10, 11], while some investigated 

oxidative stress in relation with cardiac hypertrophy and the progression of heart failure [4, 6, 

12-15]. Consequently, it is not known how markers of oxidative stress relates to cardiac 

structure and function in young healthy individuals. Previous results on such a population 

indicated that oxidative stress-related markers, such as lower glutathione peroxidase (GPx), 

is negatively associated with higher pulse pressure, suggesting that oxidative stress may be 

associated with early vascular changes [16]. We aimed to explore whether left ventricular 

structure and function associated with oxidative stress-related markers in young healthy black 

and white men and women.  
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METHODS 

Study design and population sample 

Cross-sectional data from the African prospective study on the Early Detection and 

Identification of Cardiovascular disease and Hypertension (African-PREDICT) were used in 

this study. The first consecutive 426 individuals (aged 20-30 years) of the African-PREDICT 

study with complete oxidative stress data were included. The African-PREDICT study (NWU-

00001-12-A1), as well as this sub-study (NWU-00047-17-A1), was approved by the North-

West Province Department of Health in South Africa and the Health Research Ethics 

Committee of the North-West University. All procedures were performed according to the 

declaration of Helsinki. The procedures were fully explained to the participants of the study in 

their preferred language, after which the participants signed an informed consent form. 

Participants were included in the study on the condition that they were normotensive (i.e. office 

blood pressure below 140/90 mmHg), had no history of cardiovascular diseases or other 

chronic diseases (or treatment thereof) and were not pregnant or breastfeeding. A total of 361 

participants were included in this cross-sectional study after excluding individuals with missing 

values for variables of interest (n=64). 

Questionnaire data 

Basic data, such as age, gender and ethnicity, were collected via a general health 

questionnaire. The questionnaire also included data on hormonal contraception use in women, 

self-reported smoking and alcohol consumption.  

Body composition and physical activity 

Anthropometric measurements included body weight (SECA electronic scales, SECA, 

Birmingham, United Kingdom), height (m) (SECA stadiometer, SECA) and waist 

circumference (cm) (Lufkin Steel Anthropometric tape, W606PM, Lufkin, Apex, United States 
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of America). Body surface area was calculated using the Mosteller equation [17]. All 

anthropometric measurements were performed according to the guidelines as described by 

the International Society for the Advancement of Kinanthropometry [18]. To obtain activity 

energy expenditure (AEE), the participants were fitted with an ActiHeart physical activity 

monitor (CamNtech Ltd., England, United Kingdom), which was worn for a maximum of seven 

days. 

Blood pressure measurements 

The participants were fitted with a 24-hour ambulatory blood pressure (ABPM) and 

electrocardiography apparatus (Validated CardioXplore devices (CardioXplore, Meditech, 

Budapest, Hungary)), programmed to take recordings every 30 minutes during the day (6 am 

to 10 pm) and every hour during the night (10 pm to 6 am). The mean successful inflation rate 

of the participants over a 24-hour period was 87.5%. The ABPM was fitted to each participant 

at approximately the same time every day (late morning), using an appropriately sized cuff.  

Echocardiography 

A standard transthoracic echocardiography procedure was followed while each participant 

was in a partial left decubitus position with the head of the examining table slightly elevated. 

The echocardiography data were analysed using the EchoPAC software (GE, Version 10.8.1) 

to determine measures of LV structure and function. The General Electric Vivid E9 device (GE 

Vingmed Ultrasound A/S, Horten, Norway) was used, along with the 2.5 to 3.5 MHz transducer 

and a single electrocardiogram (ECG) lead for timing purposes. Standardised methods were 

used to obtain high-quality recordings, according to the guidelines of the European Association 

of Echocardiography and the American Society of Echocardiography [19, 20]. 

Left ventricular mass (LVM) was calculated by the corrected Devereux formula and indexed 

for body surface area [21], therefore, left ventricular mass index (LVMi) [22]. Relative wall 

thickness (RWT) was calculated as twice the posterior wall thickness by LV diastole diameter 
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[19]. Global LV systolic function was derived from linear measurements obtained from 2D 

images as the study population did not present with regional wall motion abnormalities or 

irregular heart rhythm [23]. Standard methods were used to determine endocardial fractional 

shortening (FS) [19]. Left ventricular ejection fraction (EF) was calculated from LV end-

diastolic and end-systolic volume estimates derived from 2D images according to the biplane 

method [19]. 

Biochemical analyses 

Blood samples from fasting participants were collected in the appropriate tubes and processed 

accordingly to yield serum and plasma fractions. Glucose was determined in plasma, prepared 

in sodium fluoride tubes, using the Cobas Integra 400 plus (Roche, Basel, Switzerland). Basic 

serum analysis was done, including total cholesterol, high-density lipoprotein cholesterol, C-

reactive protein and gamma-glutamyl transferase (GGT) measured using the Cobas Integra 

400 plus (Roche, Basel, Switzerland). Cotinine, a metabolite of nicotine, was measured with 

a chemiluminescence method on the Immulite (Siemens, Erlangen, Germany). 

Glutathione peroxidase (GPx) and total antioxidant status (TAS) were measured using assay 

kits (Randox, Co. Antrim, United Kingdom) on the Cobas Integra 400 plus (Roche, Basel, 

Switzerland). Total glutathione (tGSH) levels were determined with the use of the 

BIOXYTECH® GSH/GSSG-412TM kit (OxisResearch™ a division of Health Products, Foster 

City, California, United States of America) on Synergy H4 hybrid microplate reader (BioTek, 

Winooski, Vermont, United States of America). 

Statistical analyses 

All statistical analyses were performed with the IBM® SPSS® Statistics version 25 (IBM 

Corporation, Armonk, New York, United States of America). The normality of all variables was 

tested by assessing skewness and kurtosis. Those with a non-Gaussian distribution included 

AEE, total cholesterol, high-density lipoprotein cholesterol, triglycerides, and cotinine, C - 
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reactive protein, GGT and GPx. These skewed variables were logarithmically transformed. 

Interactions of ethnicity and gender were tested for all associations between LV structure and 

function markers with oxidative stress-related markers using analysis of covariance 

(ANCOVA). Independent T-tests were performed to compare means (with standard deviations 

or 95% percentile boundaries for logarithmically transformed variables) between groups. Chi-

square tests were performed to assess proportions for categorical variables. Partial 

correlations (adjusting for age, waist circumference and systolic blood pressure) and multiple 

regression analyses were performed to investigate relationships of LV structure and function 

with markers related to oxidative stress. Variables that entered the multiple regression models 

included age, 24-hour ambulatory systolic blood pressure, AEE, waist circumference, total 

cholesterol and glucose. In the women, we additionally included contraceptive use in the 

models, since hormonal contraception has been shown to influence the redox balance [24, 

25].  
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RESULTS 

Significant interactions of both gender and ethnicity were found for several associations tested 

(Table 1), and the total group of participants was, therefore, stratified according to gender and 

ethnicity. The general characteristics of the study population are presented in Table 2. The 

LVMi was comparable in both women and men, whereas RWT was higher in the black men 

(p=0.014) and women (p<0.001) than their white counterparts. In the women, EF and FS were 

comparable, but higher in the black men than the white men (both p=0.013). GGT was higher 

in the black women than the white women (p<0.001), but comparable in the men. GPx activity 

and TAS were lower in the black groups than the white groups, whereas tGSH was higher in 

the black groups than the white groups (all p-values <0.05). 

In the partial regression analysis (Table 3), after adjusting for age, systolic blood pressure and 

waist circumference, an inverse correlation was observed between LVMi and GPx (r=–0.292; 

p=0.004) in the black women, but a positive correlation was observed between LVMi and GPx 

(r=0.343; p=0.004) in white men. RWT correlated positively with GGT (r=0.212; p=0.036) in 

the black women, whereas in the black men, RWT correlated positively with GPx (r=0.228; 

p=0.048). Inverse correlations of EF (r=–0.304; p=0.011) and FS (r=–0.317; p=0.008) with 

GGT were found in the white men only. 

In the multiple regression analysis (Table 4), an independent association was confirmed 

between LVMi and GPx in the black women (β=–0.286; p=0.010) and the white men (β=0.329; 

p=0.004). In Table 5, EF (β=–0.345; p=0.018) and FS (β=–0.335; p=0.019) correlated 

inversely with GGT in the white men only. No significant associations were found with RWT in 

the multiple regression analysis.  
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DISCUSSION 

We aimed to explore whether markers of LV structure and function were associated with 

oxidative stress-related markers in young, healthy adults. We found an inverse association 

between LVMi and GPx in the black women and a positive association between LVMi and 

GPx in the white men, even though LVMi was comparable and GPx was higher in the white 

men and women compared to the black men and women. In addition, inverse associations of 

EF and FS with GGT were found in the white men only.  

Our result of an inverse association between LVMi and lower GPx activity in the black women 

is in accordance with findings from experimental studies done in GPx knockout mice [4, 26]. 

In one of these studies, it was found that significantly reduced GPx activity promotes cardiac-

specific hypertrophy [4], whereas in another study, it was indicated that the overexpression of 

GPx, after a myocardial infarction, prevented LV remodelling and heart failure in mice [26]. 

Our findings also add to previous findings from the African-PREDICT study indicating that 

lower GPx activity is associated with arterial stiffness [16]. Arterial stiffness increases the 

workload on the heart through the increased afterload effect and this may also effect the LV 

structure due to cardiomyocyte hypertrophy [27]. Our findings suggest that lower GPx activity 

may also facilitate early subclinical LV structural changes. The mechanism by which lower 

GPx activity may facility cardiac deterioration may involve the role of GPx in lowering hydrogen 

peroxides [28]. If hydrogen peroxide accumulates (when GPx is low), a variety of hypertrophy-

signalling kinases, such as protein kinase C, Jun-nuclear kinase and Akt kinases, are activated 

[5, 6], which may lead to increased LVMi. Therefore, the link between LVMi and GPx may 

suggest that black women are at a higher risk of developing potentially unfavourable changes 

in LV structure that are related to lower GPx activity when compared to their white counterparts 

[4, 26, 29].  

The positive association of LVMi with GPx in the white men is unexpected and in contradiction 

to the literature and what we have found in the black women. Although our study design does 
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not allow us to elucidate this finding, we propose the following mechanism. When comparing 

the white men to their black counterparts, the white men displayed a more favourable oxidative 

stress profile, with higher GPx activity and higher TAS, but iLVM was comparable among the 

men. The positive association found in the white men between LVMi and GPx may be as a 

result of sufficient GPx activity in maintaining physiological hydrogen peroxide levels and, 

therefore, may delay the onset of structural cardiac changes [4, 26]. A similar finding was 

previously reported where it was argued that sufficient glutathione reductase (GR) activity may 

play a role in delaying or preventing the onset of hypertension in the white men, black women 

and white women [16]. 

Our results also revealed inverse independent associations of EF and FS with GGT in the 

white men only. A study showed the potential role of high GGT (mean value of 39.0 U/L) in 

predicting LV dysfunction in patients during the early post-myocardial infarction period [30, 

31]. Another study confirmed the presence of elevated GGT in young patients with pre-

hypertension [32]. Gamma-glutamyltransferase can provide cysteine for de novo synthesis of 

glutathione by breaking down extracellular glutathione into its constitutive amino acids [33]. 

This maintains the in vivo homeostasis of GSH and cysteine [33]. However, when GGT is high, 

it may contribute to the production of ROS and low-density lipoprotein oxidation [34]. In a pro-

oxidant state, ROS affects the contractile function of the heart by oxidation of proteins central 

to excitation-contraction coupling [1, 5-7]. This may lead to changes in the contractile 

properties of the myocardium and depressed cardiac function [1, 13, 28, 35, 36]. However, 

the GGT levels in the white men were within the normal ranges (≤ 50 U/L for men) therefore, 

in this group, the result may suggest that the normal function of GGT (maintaining adequate 

cysteine levels for the de novo synthesis of glutathione) may play a role in maintaining 

adequate EF and FS. 

The findings of our study should be interpreted in the context of its limitations and strengths. 

This study is a cross-sectional study; therefore, causality cannot be determined. The study 

population consisted of participants from the Potchefstroom area and may not represent the 
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South African population. Although our results were consistent after multiple adjustments, we 

cannot exclude other unknown interactions that may also play a role in the link between 

oxidative stress-related markers and cardiac structure and function. However, our study was 

well designed and conducted under strict conditions in a fully equipped research facility.  

In conclusion, the inverse association between LVMi and GPx found in the black women may 

suggest that black women are potentially subjected to the development of unfavourable 

changes in LV structure relating to lower GPx activity. With comparable GGT levels amongst 

black and white men, the inverse association with EF and FS in white men may indicate 

subclinical changes in cardiac function. However, further studies are encouraged to 

investigate this hypothesis and whether these associations are beneficial or adverse. 
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Table 1: Interactions of sex and ethnicity on the associations of cardiac structure and function 

measures and oxidative stress measures 

 Sex Ethnicity 

 F P F P 

Relative wall thickness (cm) 

  γ -Glutamyl transferase (U/L) 8.35 0.039 13.9 <0.001 

  Glutathione peroxidase (U/L)  – – 11.9 <0.001 

  Glutathione (μM) – – 9.88 <0.001 

  Total anti-oxidant status (mmol/L) – – 12.5 0.001 

 

Left ventricular mass index (g/m2) 

  γ-Glutamyl transferase (U/L) 43.4 <0.001 6.28 0.017 

  Glutathione peroxidase (U/L)  47.8 <0.001 – – 

  Glutathione (μM) 39.5 <0.001 – – 

  Total anti-oxidant status (mmol/L) – – – – 

 

Ejection fraction (%) 

  γ-Glutamyl transferase (U/L) 6.88 <0.001 2.95 0.023 

  Glutathione peroxidase (U/L)  5.47 0.005 – – 

  Glutathione (μM) 8.01 <0.001 – – 

  Total anti-oxidant status (mmol/L) 8.80 <0.001 – – 

 

Fractional shortening (%) 

  γ-Glutamyl transferase (U/L) 6.89 0.001 – – 

  Glutathione peroxidase (U/L)  5.56 0.004 – – 

  Glutathione (μM) 6.75 0.001 – – 

  Total anti-oxidant status (mmol/L) 7.67 0.001 – – 

(–) Values omitted from the table were not significant
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Table 2: General characteristics of the study population 

 
Black women 

n = 100 
White women 

n = 109 
p-value  

Black men 
n = 80 

White men 
n = 72 

p-value 

Age (years) 24.3 ± 3.45 25.4 ± 2.77 0.011  24.4 ± 3.3 25.4 ± 3.0 0.036 

Anthropometry        

  Height (m) 1.59 ± 0.064 1.67 ± 0.062 < 0.001  1.70 ± 0.062 1.79 ± 0.063 < 0.001 

  Weight (kg) 67.8 ± 14.7 68.2 ± 15.0 0.87  63.0 ± 10.4 90.6 ± 19.4 < 0.001 

  Body surface area (m2) 1.72 ± 0.197 1.77 ± 0.192 0.075  1.72 ± 0.157 2.11 ± 0.229 < 0.001 

  Waist circumference (cm) 79.9 ± 11.7 75.6 ± 11.6 0.008  74.2 ± 8.67 91.9 ± 14.5 < 0.001 

Cardiovascular measures        

  Systolic blood pressure (mmHg) 114 ± 8 113 ± 8 0.85  121 ± 9 125 ± 7 0.002 

  Diastolic blood pressure (mmHg) 69 ± 5 68 ± 6 0.62  70 ± 6 71 ± 6 0.53 

  Left ventricular mass index (g/m2) 62.9 ± 11.9 65.8 ± 15.0 0.12  77.2 ± 16.4 80.9 ± 13.1 0.12 

  Relative wall thickness (cm)  0.364 ± 0.070 0.326 ± 0.060 < 0.001  0.354 ± 0.071 0.329 ± 0.049 0.014 

  Ejection fraction (%) 69.1 ± 6.09 68.7 ± 6.87 0.60  67.8 ± 6.92 65.3 ± 5.57 0.013 

  Fractional shortening (%) 38.9 ± 4.97 39.0 ± 5.37 0.86  38.1 ± 5.42 36.1 ± 4.10 0.013 

Biochemical measures        

  γ-Glutamyl transferase (U/L) 23.3 (10.3; 58.4) 14.0 (6.8; 40.6) < 0.001  29.1 (12.1; 107.1) 24.8 (10.4; 72.4) 0.12 

  Glutathione peroxidase (U/L)  18.5 (14.7; 20.8) 19.9 (18.0; 22.0) < 0.001  18.4 (15.0; 20.5) 19.7 (16.9; 21.6) < 0.001 

  Glutathione (μM) 1199 ± 280 941 ± 244 < 0.001  1268 ± 310 924 ± 245 < 0.001 

  Total anti-oxidant status (mmol/L) 1.26 ± 0.116 1.39 ± 0.116 < 0.001  1.39 ± 0.106 1.57 ± 0.126 < 0.001 

  Glucose (mmol/L) 3.92 ± 0.743 4.54 ± 0.802 < 0.001  3.81 ± 0.951 5.00 ± 0.734 < 0.001 

  Total cholesterol (mmol/L) 3.72 (2.66; 520) 4.69 (3.29; 6.71) < 0.001  3.81 (2.80; 5.67) 4.62 (3.27; 6.14) < 0.001 

  High density lipoproteins (mmol/L) 1.20 (0.789; 1.87) 1.58 (1.02; 2.45) < 0.001  1.31 (0.841; 1.83) 1.08 (0.706; 1.74) < 0.001 

  Cotinine (ng/mL) 2.04 (1.00; 159) 1.91 (1.00; 184) 0.78  14.25 (1.00; 395) 3.93 (1.00; 327) < 0.001 

  C-reactive protein (mg/L) 2.23 (0.261; 13.2) 1.15 (0.100; 12.3) < 0.001  0.720 (0.100; 6.22) 1.08 (0.182; 9.52) 0.046 

Lifestyle measures        

  AEE (kCal/kg/day) 6.53 (3.04; 12.6) 6.09 (2.47; 12.5) 0.29  5.95 (2.75; 11.3) 4.14 (1.47; 8.06) < 0.001 

  Contraception, n (%) 52 (52.0) 45 (41.2) 0.063  – – – 

     Oral contraceptives, n (%) 21 (40.4) 44 (97.8) 0.005  – – – 

     Contraceptive injection, n (%) 31 (59.6) 1 (0.2) < 0.001  – – – 

  Smoke, n (%) 11 (11.0) 11 (10.1) 0.83  44 (55.0) 17 (23.6) < 0.001 

  Alcohol n (%) 54 (54.0) 69 (63.3) 0.27  61 (76.3) 50 (69.4) 0.28 

Values are arithmetic mean ± SD, geometric mean (5th and 95th percentiles) or the number of participants. Abbreviations: AEE - Activity energy expenditure  
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Table 3: Partial correlations between cardiac structure and function and oxidative stress measures 

 Left ventricular mass index (g/m2) Relative wall thickness (cm) 

 
Black women 

(n = 100) 
White women  

(n = 109) 
Black men  

(n = 80) 
White men  

(n = 72) 
Black women 

(n = 100) 
White women  

(n = 109) 
Black men  

(n = 80) 
White men  

(n = 72) 

γ-Glutamyl transferase (U/L) 
r= 0.168 
p= 0.099 

r= –0.173 
p= 0.075 

r= 0.063 
p= 0.71 

r= –0.086 
p= 0.48 

r= 0.212 
p= 0.036 

r= 0.116 
p= 0.23 

r= –0.044 
p= 0.70 

r= –0.081 
p= 0.51 

Glutathione peroxidase (U/L) 
r= –0.292 
p= 0.004 

r= 0.175 
p= 0.072 

r= 0.151 
p= 0.19 

r= 0.343 
p= 0.004 

r= –0.067 
p= 0.51 

r= –0.145 
p= 0.14 

r= 0.228 
p= 0.048 

r= –0.091 
p= 0.45 

Glutathione (μM) 
r= 0.133 
p= 0.19 

r= 0.030 
p= 0.76 

r= –0.0013 
p= 0.91 

r= –0.007 
p= 0.95 

r= 0.037 
p= 0.72 

r= 0.012 
p= 0.90 

r= –0.086 
p= 0.45 

r= 0.112 
p= 0.36 

Total anti-oxidant status (mmol/L) 
r= –0.104 
p= 0.31 

r= –0.099 
p= 0.31 

r= –0.107 
p= 0.35 

r= 0.023 
p= 0.85 

r= –0.109 
p= 0.29 

r= –0.149 
p= 0.13 

r= –0.063 
p= 0.58 

r= 0.051 
p= 0.68 

 Ejection Fraction (%) Fractional Shortening (%) 

 
Black women 

(n = 100) 
White women  

(n = 109) 
Black men  

(n = 80) 
White men  

(n = 72) 
Black women 

(n = 100) 
White women  

(n = 109) 
Black men  

(n = 80) 
White men  

(n = 72) 

γ-Glutamyl transferase (U/L) 
r= 0.094 
p= 0.36 

r= 0.105 
p= 0.28 

r= –0.090 
p= 0.43 

r= –0.304 
p= 0.011 

r= 0.073 
p= 0.48 

r= 0.137 
p= 0.16 

r= –0.074 
p= 0.52 

r= –0.317 
p= 0.008 

Glutathione peroxidase (U/L) 
r= 0.071 
p= 0.49 

r= 0.053 
p= 0.59 

r= –0.022 
p= 0.85 

r= 0.068 
p= 0.57 

r= 0.067 
p= 0.51 

r= 0.088 
p= 0.37 

r= –0.028 
p= 0.80 

r= 0.051 
p= 0.68 

Glutathione (μM) 
r= 0.155 
p= 0.13 

r= 0.036 
p= 0.71 

r= 0.100 
p= 0.38 

r= 0.081 
p= 0.50 

r= 0.159 
p= 0.12 

r= –0.005 
p= 0.96 

r= 0.101 
p= 0.38 

r= 0.048 
p= 0.69 

Total anti-oxidant status (mmol/L) 
r= 0.064 
p= 0.53 

r= -0.119 
p= 0.22 

r= -0.188 
p= 0.097 

r= 0.059 
p= 0.63 

r= 0.060 
p= 0.56 

r= –0.093 
p= 0.34 

r= –0.188 
p= 0.098 

r= 0.013 
p= 0.90 

Adjusted for age, waist circumference and systolic blood pressure. 
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Table 4: Multiple regression analysis between the left ventricular mass index and glutathione 
peroxidase 

 

 
Left ventricular mass index (g/m2) 

 
Black women 

n = 100 

White women 

n = 109 

Adjusted R2 0.074 0.063 

 Standardized β p-value Standardized β p-value 

Glutathione peroxidase (U/L) –0.286 (–0.334; –0.048) 0.010 0.171 (–0.038; 0.456) 0.097 

Age (years) –0.069 (–0.211; 0.115) 0.561 0.203 (-0.004; 0.404) 0.055 

Contraception (n) 0.078 (–0.107; 0.225) 0.481 0.200 (–0.006; 0.354) 0.059 

Systolic blood pressure (mmHg) 0.030 (–0.173; 0.225) 0.797 0.020 (–0.214; 0.254) 0.868 

AEE (kCal/kg/day) –0.091 (–0.240; 0.098) 0.407 0.048 (–0.137; 0.226) 0.630 

Waist circumference (cm) –0.002 (–0.002; 0.211) 0.987 0.189 (–0.057; 0.432) 0.132 

Cholesterol (mmol/L) –0.167 (–0.315; 0.038) 0.122 –0.247 (–0.454; –0.046) 0.017 

Glucose (mmol/L) –0.120 (–0.697; 0.214) 0.294 –0.076 (–0.196; 0.085) 0.436 

 
Black men 

n = 100 

White men 

n = 109 

Adjusted R2 0.087 0.165 

 Standardized β p-value Standardized β p-value 

Glutathione peroxidase (U/L) 0.143 (–0.083; 0.365) 0.214 0.329 (0.121; 0.618) 0.004 

Age (years) 0.008 (–0.234; 0.251) 0.945 –0.017 (-0.217; 0.187) 0.881 

Systolic blood pressure (mmHg) 0.376 (0.141; 0.682) 0.003 0.272 (0.016; 0.620) 0.039 

AEE (kCal/kg/day) 0.155 (–0.091; 0.45) 0.187 0.144 (–0.080; 0.324) 0.232 

Waist Circumference (cm) –0.195 (–0.764; 0.135) 0.167 –0.032 (–0.239; 0.190) 0.819 

Cholesterol (mmol/L) –0.097 (–0.406; 0.186) 0.461 –0.103 (–0.315; 0.120) 0.372 

Glucose (mmol/L) –0.017 (–0.222; 0.190) 0.880 0.215 (-0.005; 0.347) 0.057 

Abbreviations: CI – Confidence interval; AEE – Activity Energy Expenditure 
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Table 5: Multiple regression analysis of ejection fraction and fractional shortening with 

gamma-glutamyl transferase in men 

 Ejection fraction (%) 

 
Black men 

n = 80 

White men 

n = 72 

Adjusted R2 –0.038 0.126 

 Standardized β p-value Standardized β p-value 

γ-Glutamyl transferase (U/L) –0.059 (–0.533; 0.311) 0.679 –0.345 (–0.590; –0.059) 0.018 

Age (years) –0.087 (–0.347; 0.170) 0.498 –0.125 (–0.323; 0.098) 0.290 

Systolic blood pressure (mmHg) 0.095 (–0.184; 0.394) 0.472 0.147 (–0.138; 0.488) 0.269 

AEE (kCal/kg/day) –0.118 (–0.437; 0.394) 0.345 –0.150 (–0.339; 0.081) 0.223 

Waist circumference (cm) –0.044 (–0.575; 0.433) 0.779 0.132 (–0.147; 0.353) 0.414 

Cholesterol (mmol/L) –0.134 (–0.478; 0.171) 0.349 0.036 (–0.200; 0.270) 0.769 

Glucose (mmol/L) 0.026 (–0.200; 0.248) 0.830 –0.290 (–0.418; –0.051) 0.013 

 Fractional shortening (%) 

 
Black men 

n = 80 

White men 

n = 72 

Adjusted R2 –0.029 0.151 

 Standardized β p-value Standardized β p-value 

γ-Glutamyl transferase (U/L) –0.038 (–0.331; 0.252) 0.788 –0.335 (–0.543; –0.050) 0.019 

Age (years) –0.087 (–0.346; 0.169) 0.496 –0.106 (–0.286; 0.105) 0.360 

Systolic blood pressure (mmHg) 0.134 (–0.141; 0.435) 0.311 0.094 (–0.186; 0.395) 0.474 

AEE (kCal/kg/day) –0.126 (–0.444; 0.144) 0.313 –0.148 (–0.315; 0.074) 0.221 

Waist Circumference (cm) –0.078 (–0.629; 0.374) 0.614 0.195 (–0.089; 0.375) 0.222 

Cholesterol (mmol/L) –0.144 (–0.489; 0.158) 0.310 –0.024 (–0.239; 0.196) 0.844 

Glucose (mmol/L) 0.023 (–0.201; 0.244) 0.847 –0.325 (–0.418; –0.077) 0.005 

Abbreviations: CI – Confidence interval; AEE – Activity Energy Expenditure 
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INTRODUCTION 

This chapter presents a summary of the findings reported in the research article (Chapter 3). 

The hypotheses, as set out in Chapter 1, will be accepted or rejected, based on our findings. 

The main findings of this study will also be compared to the existing literature. After that, 

recommendations will be made for future studies investigating the link between oxidative 

stress-related markers and LV structure and function. 

SUMMARY OF MAIN FINDINGS AND REFLECTION ON HYPOTHESES 

It is well known from the literature that a link exists between oxidative stress and CVD [1-6]. 

In the literature available on the link between oxidative stress (and oxidative stress-related 

markers) and CVD, the studies were performed in older individuals with [1-5, 7] or without [6] 

advanced CVD or in experimental animal models [8-15]. Some studies focused on 

hypertension and oxidative stress [16-22], while several studies investigated oxidative stress 

and cardiac hypertrophy or heart failure [8, 23-27]. One study from our research group found 

that only in the black men, the 24-hour pulse pressure associated negatively with GPx activity 

[28], which may suggest that lower GPx may accelerate vascular ageing. In spite of all of this 

information available, we identified a gap in the literature as none of these studies had focused 

on the link between oxidative stress-related markers and LV structure and function in young 

populations before the onset of CVD. This study can contribute to the understanding of the 

role of oxidative stress in LV structure and function. 

Hypothesis 1 (a): Markers of cardiac structure (LVM and RWT) will be higher in the 

black men and women compared to the white men and women.  

Relative wall thickness was higher in the black men and women compared to their white 

counterparts, as expected, but LVMi was comparable among all of the groups. One study 

found that the black population is more likely to have a higher cardiovascular risk profile, which 

includes a higher RWT [29], therefore, it is more likely for black individuals to have a higher 
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RWT than white individuals. The result of a higher RWT in the black groups is in accordance 

with this study. The result that LVMi was comparable amongst the groups, was not as we had 

hypothesized, but is still in accordance with a study that revealed that LVMi differ with ethnicity, 

but rather that RWT in the black race is associated with greater RWT [30]. That study 

population consisted of only male participants with mild to moderate hypertension [30]. The 

young age and healthy status of the study population can potentially have contributed to the 

comparable result of LVMi. This hypothesis is, therefore, only partially accepted. 

Hypothesis 1 (b): Markers of systolic function (EF and FS) will be comparable between the 

black and white women and the black and white men respectively. 

As expected, the EF and FS were comparable between the black and white women; however, 

the black men revealed a higher EF and FS that the white men. Although we did not 

hypothesize EF and FS to be higher in the black men compared to the white men, the values 

of the EF and FS are still well within normal ranges. In the previous studies that found black 

individuals had a worse cardiovascular risk profile that white individuals, with higher systolic 

and diastolic blood pressure [31, 32], the population sample had a higher mean age than our 

study, which may have contributed to their result. This result in the men warrants further 

investigating as most literature also demonstrates that the black race usually has a worse 

cardiovascular profile than the white race. The strict inclusion and exclusion criteria of the 

African-PREDICT study to ensure only apparently healthy individuals are included, may have 

had an influence on the unexpected result in the white men, as the values are all within normal 

ranges. This hypothesis is, therefore, only partially accepted. 

Hypothesis 1 (c): GGT will be higher in the black men and women, and GPx, GSH 

and TAS will be lower in the black men and women compared to the white men and 

women. 

In the women, GGT was higher in the black than the white women, as expected, but in the 

men, the GGT levels were comparable between the black men and the white men. Also, as 
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expected, GPx and TAS were lower in the black men and women; however, tGSH revealed 

opposite results, demonstrating higher values in the black men and women than the white 

men and women. A previous study done in South Africa also found higher tGSH levels in the 

black men only, but the mean age of the population was higher (44.4 ± 8.3 years) than our 

population.  We can postulate that the higher GGT, that is directly involved in the synthesis of 

GSH [33], could have influenced the higher GSH levels in the black men and women. This 

finding warrants further investigation as our study design does not allow us to confirm whether 

GGT is responsible for the higher GSH. 

Hypothesis 2 (a): Markers of cardiac structure (LVM and RWT) will positively 

associate with GGT in the black men and women only, and GPx, GSH and TAS will 

be negatively associated with LVM and RWT in the black men and women only. 

We confirmed an independent and negative association between LVMi and GPx in the black 

women; however, we also found an independent and positive association between LVMi and 

GPx in the white men. No associations with GSH and TAS were found. The result in the black 

women is in accordance with findings from experimental studies done in GPx knockout mice 

[8], where it was found that significantly reduced GPx activity promotes cardiac-specific 

hypertrophy. The GPx enzyme is responsible for breakdown of hydrogen peroxide, which acts 

as a second messenger in oxidative metabolism, and is linked with changes in cell physiology, 

such as insulin signalling and in several growth factor-induced signalling cascades [34]. When 

hydrogen peroxide accumulates it can cause cardiac specific hypertrophy through the 

activation of hypertrophy signalling kinases [25, 35]. This link may suggest that black women 

are at a higher risk of developing potentially unfavourable changes in LV structure that are 

related to lower GPx activity, than white women [8, 16, 36] . The positive association between 

LVMi and GPx in the white men are in contradiction to the literature and what we have found 

in the black women. We can suggest that this may be because of sufficient GPx activity in 

maintaining physiological hydrogen peroxide levels and, therefore, may delay the onset of 

structural cardiac changes [8, 36]. In a previous study, a similar finding was reported where it 
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was argued that sufficient GR activity may play a role in delaying or preventing the onset of 

hypertension [28]. However, our study design does not allow us to clarify this finding; therefore, 

further investigations is necessary. Our hypothesis is, therefore, only partially accepted. 

Hypothesis 2 (b): EF and FS will positively associate with GGT in the black men 

and women only, and GPx GSH and TAS will be negatively associated with EF and 

FS in the black men and women only. 

Our results revealed inverse independent associations of EF and FS with GGT in the white 

men only. Regarding associations with GPx, GSH and TAS, no significant results were found.  

We did not hypothesize that an association in the white men would be found; however, the 

GGT levels in white men were within the normal ranges (≤ 50 U/L for men) [37]. The result in 

the white men may, therefore, possibly indicate subclinical changes in cardiac function related 

to GGT activity. However, further studies are encouraged to investigate this hypothesis and 

whether these associations are beneficial or adverse 

FUTURE STUDY RECOMMENDATIONS 

Our study had a specific design and only included participants from Potchefstroom and 

surrounding areas. We, therefore, suggest that large population studies, including randomly 

selected individuals from all over South Africa, should be conducted to have an improved 

representation of South Africa. Large population-based studies can also evaluate ethnic 

differences, not only in black and white individuals, but also in individuals of other ethnicities. 

Future studies should also include other markers involved in oxidative stress and 

inflammation, such as Glutathione reductase (GR), GSH (reduced form), glutathione 

disulphide (GSSG), and interleukin-6. Interleukin-6 is a marker of inflammation and because 

inflammation and oxidative stress are so closely linked this might influence some of the 

associations [38-40]. Glutathione reductase is the enzyme responsible for reducing a GSH to 
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GSSG and involving these markers will give a better overview of the oxidative stress profile 

[41].  

Our study formed part of the African-PREDICT study, which aimed to have a follow-up after 

five years and then again after ten years to assess both incident hypertension and early 

changes in cardiovascular structure and function. We will be able to evaluate the progression 

of cardiac structure and function changes, as well as how oxidative stress relates to these 

changes over time. 

CONCLUSION  

In conclusion, the two main findings of this study were (i) the inverse association between 

LVMi and GPx found in the black women and (ii) the inverse association of EF and FS with 

GGT in the white men. The first finding may suggest that black women may potentially develop 

unfavourable changes in LV structure relating to lower GPx activity. The second finding may 

indicate the role of lower GGT in adequate LV function, although GGT was comparable and 

within normal ranges. In a young population, oxidative stress-related markers were associated 

with markers of cardiac function and structure. Our study highlighted that associations 

between oxidative stress-related markers and cardiac structure and function warrants further 

investigation by means of future longitudinal studies to elucidate the nature of these 

associations (beneficial or adverse). 
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