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PREFACE 
 

The manuscript presented in this Master of Science (MHSc) study, constitutes four chapters, 

encompassing the following information. Chapter 1 contains a comprehensive literature overview 

of the topic including a detailed discussion of the mechanism of depression as well as 

neurotrophic factors, specifically brain-derived neurotrophic factor and its relationship to vascular 

alterations. In this chapter, the aims and hypothesis are also included. Chapter 2 contains a 

detailed discussion, which includes Sympathetic activity and Ambulatory Blood Pressure 

(SABPA) study protocol and methods of data collection. Chapter 3 includes the manuscript of the 

study, entitled: Brain-derived neurotrophic factor, carotid intima-media thickness, and depression: 

the SABPA study. In Chapter 4, a summary of the main findings of the MHSc study as well as a 

conclusion is presented. The hypotheses are also accepted and rejected in this chapter as well 

as recommendations for future research. The Vancouver referencing style was used throughout 

the dissertation. Each chapter’s references are available at the end of the respective chapter.  

Figures and artistic images were created by the author, R Smit, using Microsoft® Word, 

CorelDraw®. Anatomical images were used from a certified medical website, SERVIER® which 

provided images without copyright. The necessary permission was obtained from the 

corresponding authors for all copyright images used in this study. 
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SUMMARY 
Motivation:  

Several researchers suggest that neurotrophic factors play an important role in depression. Brain-

derived neurotrophic factor (BDNF) is one of the neurotrophic factors that has been investigated 

and it is reported that low BDNF levels occur in individuals with depression.  

Brain-derived neurotrophic factor has been shown to have diverse effects on the cardiovascular 

(CV) system, which include angiogenesis, protective effects against oxidative stress, 

proinflammation and regulation of vascular tone and function. Adequate levels are therefore 

linked to vascular protection while low levels are associated with endothelial dysfunction and 

vascular remodeling. The low levels observed in individuals with depression may increase the 

cardiovascular disease (CVD) risk. In our study population, it has already been shown that 

specifically the Black population has decreased BDNF levels and increased carotid intima-media 

thickening when compared to their white counterparts. Many studies that originated from our study 

population reported significant results regarding depression. They predicted that chronic 

depression was associated with CV changes, such as microvasculature regulation and perfusion 

deficits.  

Based on these prior results, we wanted to investigate whether BDNF associates with markers of 

vascular remodeling and function in Black individuals with and without moderate to severe 

symptoms of depression of the SABPA study population.  

Aim and Objectives 

Our aim was to investigate differences in BDNF levels as well as markers of vascular remodeling, 

carotid intima-media thickness (CIMT) and pulse wave velocity (PWV) in Black individuals with 

and without depression and whether relationships between these markers exist in each group.  

Methodology 

The study sample included 193 Black teachers (mean age of 44; 50% women) from the Dr 

Kenneth Kaunda Education district in the North West Province, South Africa. Depressive 

symptoms were obtained by the Patient Health Questionnaire-9 (PHQ-9). The recommended cut-

off point of ≥10 indicated the presence of depression. For this study, individuals were grouped 

according to their depressive symptoms. The recommended PHQ-9 cut-off point of ≥10 indicated 

the presence of moderate-to-severe depression; a score below 10 indicated individuals without 

depression. A high-resolution ultrasound scan with CIMT images from at least two angles of the 

left and right common carotid artery was obtained by using a SonoSite Micromax ultrasound 



 

x 

system. Pulse wave velocity was obtained with the carotid-dorsalis pedis PWV using Complior 

SP Acquisition System (Artech-Medical, Pantin, France). Serum BDNF was measured by 

Quantikine Colorometric Sandwich Immunoassay, with intra-assay precision between 3.8% and 

4.2% and inter-assay coefficient of variation (CV) <7.6% and 11.3%. 

Results and Conclusion 

We observed that 44% of the population had moderate to severe depressive symptoms. The 

groups with and without depression characteristics were similar as no statistical differences were 

observed in the variables under investigation. Despite this, single regression analyses indicated 

an inverse relationship exist between CIMT and BDNF in individuals without depression, but not 

in individuals with depression (non-depressive: r=-0.214; p=0.027); depressive: r=-0.030; 

p=0.781). After performing multiple regression analyses adjusted for age, sex, waist 

circumference, glucose, CRP, LDL cholesterol, MAP and GGT an independent inverse 

association was confirmed between CIMT and BDNF in individuals without depression (β=-0.19; 

p=0.026). No significant results were observed between BDNF and PWV in both groups. 

Based on our results, we rejected our hypotheses since we were unable to replicate earlier 

findings that suggested that depression was accompanied by lower levels of BDNF and higher 

measures of CIMT and PWV. Despite this, our results indicate the possibility that BDNF has a 

protective role in maintaining endothelial barrier integrity and promoting smooth muscle cell 

activity in individuals without depression. The absence of the expected results between BDNF, 

CIMT and PWV in individuals with depression may indicate that the interplay between BDNF and 

the vasculature could be compromised, although further investigation is required.  

Keywords: cardiovascular disease, neurotrophic factor, endothelial dysfunction, arterial stiffness, 

vascular structure.  
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1. Introduction 

Depression is a mental health disorder characterized by persistently depressed mood, or loss of 

interest in daily activities affecting an individual’s health and function in society (1). Depression is 

complex in measure and international standards for guiding the diagnosis of mental illness have 

been established as the Diagnostic Statistical Manual version 5 (DSM-V) (2). Several possible 

theories have been proposed to play a role in major depressive disorders. These theories include 

the monoamine deficiency, altered HPA axis regulation, neuroinflammation and the neurotrophic 

hypothesis. In this MHSc study, we focused on the neurotrophic marker, brain-derived 

neurotrophic factor (BDNF) and its role in cardiovascular disease (CVD) in individuals with 

moderate to severe depressive symptoms (3-5). 

Brain-derived neurotrophic factor is an important protein in the process of developing depression 

and the treatment thereof (5). Brain-derived neurotrophic factor is a protein found in the brain and 

spinal cord where it maintains the survival of the nerve cells by its role in the growth, differentiation 

and maintenance of these cells (6). Brain-derived neurotrophic factor is commonly found in brain 

regions such as the hippocampus, amygdala, cerebellum, and cerebral cortex, whereas small 

amounts are also found in non-neuronal tissues such as the liver, heart, and lungs (7). According 

to Rajan et al. (2020) and Waitzfelder et al. (2018), depression have received significant attention 

in the past as an independent risk for CVD (8, 9). Lower BDNF is linked to cardiovascular (CV) 

risk factors which include lipid levels, elderly age, male sex, smoking, diabetes mellitus, and 

physical inactivity (10-13), possibly leading to the development of CVD.  

Cardiovascular disease, including heart disease and stroke forms part of the leading causes of 

disabilities and death worldwide, accounting for 17 million deaths per year. However, CVD is 

among the top three causes of deaths in sub-Saharan Africa (14). This might have been due to 

the rapid urbanization which resulted in an upsurge of coronary heart and coronary artery disease 

(CAD) and metabolic disorders (15). Further studies have reported that black Americans have a 

higher risk to develop CVD, compared to many other ethnic groups in America  (16).  

Large amounts of literature have shown that there are many discrepancies in the prevalence and 

impact of cardiovascular disease and depression among different racial and ethnic groups, 

including black and white (17, 18). These health risks are complex and are influenced by various 

factors including socio-economic status, access to healthcare, lifestyle, genetics and system 

racism. Blacks have higher rates of certain risk factors for CVD such as hypertension, diabetes 

mellitus and obesity, which increases their prevalence of CVD (18-20). Cardiovascular disease 

and psychiatric disorders are linked and investigators have shown that race is associated with 

cardiovascular disease and general anxiety disorder (20). Black Africans from the Sympathetic 

Activity and Ambulatory Blood Pressure in Africans (SABPA) cohort demonstrated higher 
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prevalence of depressive symptoms compared to their white counterparts (21). Further literature 

originated from the SABPA cohort, reported significant results of depression and BDNF and the 

affect it had on the CV system in the black population (4, 22-24). 

This chapter constitutes a literature review that focuses on the possible interactions between 

depression, BDNF and vascular remodelling and function markers, specifically in Black 

individuals from developing countries, such as South Africa. 

1.1 Depression 

Depression is a widespread chronic mental illness that can affect thoughts, mood, and physical 

health (25). There has been significant research regarding the understanding and treatment of 

major depressive disorder; however, despite these advances, depression is one of the most 

common mental disorders and can cause tremendous challenges and burden for individuals and 

families. It also carries a large economic burden. The economic burden of major depression 

among American adults was estimated to exceed 230 billion dollars in 2018 (26), compared to 

the estimated 10.2 billion dollars for 2016 from CVD (27). The prevalence of depression in black 

developing countries can be based on factors such as socio-economic status and access to health 

care. Depression is a significant health concern in the sub-Saharan Africa. In these regions, 

factors such as poverty, unemployment, exposure to violence and limited access to mental health 

services can contribute to the development of depression (28). 

Depression is often persistent despite changes of circumstances and causes feelings that are 

intense, chronic, and not proportional to a person’s circumstances (29). Depression is 

characterized by symptoms of loss of interest and enjoyment, low mood and reduced energy (29). 

There are many possible causes of depression which include stressful life events, genetic 

vulnerability, environmental factors such as trauma or lack of social support and additional mental 

health conditions such as bipolar disorders and schizophrenia (30). Depression may also develop 

due to the use of certain medication such as isotretinoin (treatment of acne), antiretroviral drugs 

(treatment of human immunodeficiency virus), and corticosteroids (treatment of rheumatoid 

arthritis, inflammatory bowel disease, asthma, and allergies) (31). To be diagnosed with 

depression an individual must present with at least five depressive symptoms set out by the DSM-

V criteria in Table 1.1 (32). These symptoms should persist every day, nearly all day, for at least 

two weeks (33).  

Table 1.1. Symptoms for the diagnosis of depression as described by Kocsis (33) 

1 Depressed mood most of the day. This includes symptoms such as sadness and 

hopelessness in young individuals, an irritable mood could also be classified as 

depressive symptoms.  
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2 Loss of interest or pleasure in most of the activities of the day. 

3 Symptoms such as weight gain or weight loss. Other symptoms include an increase 

and/or a decrease in appetite. 

4 Insomnia or hypersomnia daily. 

5 Psychomotor agitation which includes pacing around the room, tapping toes, or rapid 

talking. These symptoms often occur with anxiety disorders and mania. Other symptoms 

include psychomotor retardation which involves slowing down of thoughts and physical 

movement.  

6 Fatigue or loss of interest daily. 

7 Feelings of worthlessness or inappropriate guilt.  

8 Decrease ability to think or concentrate. 

9 Suicidal ideation, thoughts about death, or suicide attempt. 

The Patient Health Questionnaire-9 (PHQ-9) is a tool for determining the severity of depressive 

symptoms. The PHQ-9 is based on the nine criteria for major depressive disorder outlined in the 

DSM-V, each of which is scored 0-3 providing a severity score of 0 to 27. Minimal depression is 

indicated with a score of 0-4, mild depression is indicated with a score of 5-9 and moderate 

depression is indicated with a score of 10-14. Moderately severe depression is indicated with a 

score of 15-19, and severe depression is indicated with a score of 20-27 (34). A score of 10 or 

higher is often considered a potential indicator of clinically significant depressive symptoms (35). 

It is recommended that a health care professional should consider the individual’s overall mental 

health, medical history and other relevant factors before making a diagnosis and recommending 

appropriate treatment options (34).  

It is important to note that individuals can suffer from depressive symptoms but not necessarily 

be diagnosed with major depressive disorder, as seen in any other mental health disorder (36). 

Therefore, in this dissertation, we grouped our individuals as pointed out above. A higher total 

score indicates a higher level of symptom severity, and by extension, a greater impact on an 

individual’s daily life (34). 

To understand depression, previous investigators explored the physiology and anatomy of the 

brain to explain changes that arose during depression (37). Possible factors leading to depression 

includes the involvement of BDNF and its receptor, tyrosine kinase B (TrkB) which mediates 

atrophy and structural changes in the brain (38, 39).  

Possible brain areas that could be involved in depression are the prefrontal cortex, the limbic 

structure, basal ganglia, and the brainstem structure (37). The limbic structure includes the 

amygdala, hippocampus and brainstem (Figure 1.1). Untreated depression may lead to 
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neurodegenerative changes in the brain; however, these changes are only seen in individuals 

with depression for more than ten years (40). 

 

 

 

 

 

 

 

 

 

Figure 1.1 Schematic representation of brain regions affected by major depressive disorder.  

1.1.1 Prefrontal cortex 

The prefrontal cortex is known for its function in high-order guidance of thoughts, attention, 

behaviour and emotions (37, 41). The prefrontal cortex can be divided into two regions, namely 

the dorsolateral regions which is important during regulation and cognition and ventrolateral 

regions responsible for emotions (Table 1.2). The dorsolateral prefrontal cortex is responsible for 

its major role in cognitive processes such as planning, cognitive flexibility and working memory 

(42). This area is known for problem solving and maintaining attention during certain tasks. 

Functional and structural prefrontal cortex abnormalities lead to increased prevalence of major 

depressive disorder (43); however, when the prefrontal cortex is damaged, it could also possibly 

lead to problems regulating emotions, further leading to psychiatric disorders such as depression 

(41). The ventromedial prefrontal cortex is involved in emotion, rewards, motivation, threat 

detection and fear (44). 

Table 1.2. Differences between the ventrolateral and -dorsolateral prefrontal cortex 

Ventrolateral prefrontal cortex  Dorsolateral cortex 

During major depressive disorder and suicidal 

thinking, there is a decrease in the volume of 

the ventrolateral prefrontal cortex. It was also 

reported that there is inefficient processing of 

The dorsolateral prefrontal cortex may 

contribute to depression due to its involvement 

in emotional levels (46). The dorsolateral 

prefrontal cortex has been found to be 
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emotions which leads to poorly dangerous 

behaviours (45). 

underactive in major depressive disorder (47). 

The prefrontal cortex also connects to other 

areas that are involved in mood regulation 

which include the insula, anterior cingulate 

cortex, and the amygdala (47) 

The prefrontal cortex has been researched with regard to major depressive disorder (43), 

revealing clear evidence of structural and functional alterations in the prefrontal cortex (45). 

1.1.2 Amygdala  

The amygdala is commonly known for the processing of fearful and threatening stimuli, which 

include the detection of threats and the activation of fear-related behaviours in response to these 

stimuli (48). The amygdala is also responsible for emotions and emotional behaviours such as 

fear, anger, aggression, stress and motivation (49). Functional imaging studies conducted during 

depression have suggested alterations in the amygdala’s function, demonstrating elevated 

activity that tends to normalize with the use of anti-depressant drugs (50). However, untreated 

depression leads to increased activity which enlarges the amygdala (50). Due to the higher activity 

of the amygdala, it connects several other brain regions that sharpen the behavioural response 

to the emotional stimuli such as an examination, divorce, death of a loved one, moving from 

houses and loss of job (51).  

1.1.3 Hippocampus 

The hippocampus is a complex brain structure that has an important role in learning, long-term 

memory and spatial navigation (52). This indicates the association between the hippocampus and 

the limbic structure, which also forms part of the brain that regulates our behaviour and emotional 

responses (53). The hippocampus contains high levels of glucocorticoids, which makes it more 

vulnerable to depression than other parts of the brain. While glucocorticoids are essential for 

healthy functioning of the body, depression often involves an excessive activation of these 

hormones, resulting in hippocampus atrophy. The atrophy of the hippocampus results from 

neuronal loss, inhibition of neurogenesis, dendritic atrophy, or reduction of neurotrophic factors 

(54).  

1.1.4 Basal ganglia (not pictured) 

The basal ganglia are associated with numerous functions which include control of movement, 

habit learning, conditional learning, eye movement, cognition and emotions (55). A decrease in 

the basal ganglia volume has previously been reported in individuals with major depressive 

disorder (56). 
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1.1.5 Brainstem 

The brainstem is an essential part of the brain that plays a role in the central nervous system 

(CNS) and controls many subconscious body function, like breathing and heart rate (HR) (57). 

Other functions include consciousness, blood pressure and sleeping patterns (58). Song et al. 

(2014) found that, within the context of depression, the association between the brainstem and 

the amygdala is altered, indicating a potential mechanism that contributes to the development of 

depression (59). 

1.2 Physiological Mechanisms Involved in Major Depressive Disorder. 

1.2.1 Neurotransmitters in Depression 

The different brain regions use chemical substances as messengers to communicate with other 

parts of itself and with the nervous system (60). These messengers are known as 

neurotransmitters and are released by several different neurons (60). Several researchers 

indicates that there are three primary monoamine neurotransmitters. They include dopamine, 

serotonin and norepinephrine, which play a role in the etiology of major depressive disorder. In 

the past, the monoamine deficiency theory served as the pathophysiological basis of depression 

due to the depletion of the neurotransmitters such as serotonin, norepinephrine, or dopamine in 

the CNS of depressed individuals (3). However, more recent evidence has suggested that low 

levels of monoamines do not necessarily induce or worsen symptoms of depression in individuals 

with and without depression. This means that monoamine deficiency alone is not sufficient for a 

clinical diagnosis (61). Further, dopamine plays a crucial role in mood, leading to positive feelings 

associated with reward; however, alterations in its release, reuptake or receptor sensitivity plays 

an important role in various psychiatric effects of the brain such as Parkinson’s disease and 

schizophrenia (62). Research indicated that decreased levels in dopamine levels contribute to 

depression in some individuals (62). The norepinephrine hypothesis states that decreased activity 

or availability of norepinephrine in certain brain regions may be associated with the development 

of depression (63). One of the oldest hypotheses states that depression occurs due to the 

deficiency of serotonin and/or norepinephrine in the brain, which leads to increased possibility of 

depression. Genetic studies showed that mice with genetically engineered enhancements of 

norepinephrine protected the mice from stress-induced depression-like behaviours, whereas 

depression of norepinephrine results in depressive symptoms (63). Serotonin is the most 

extensively researched neurotransmitter in depression. A reductions in serotonin levels leads to 

the development of depressive symptoms in subjects prone to depression (3). The best evidence 

that indicates serotonin’s involvement in the pathophysiology of depression is tryptophan 

depletion, which reduces central serotonin synthesis (3). Reduced serotonin concentrations have 
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also been associated with several other psychiatric conditions including anxiety, aggression, 

compulsive behaviour, substance abuse, season affective disorders, mania, schizophrenia and 

behavioural disorders (64).  

1.2.2 Neuroinflammation in Depression 

Neuroinflammation refers to inflammation that occurs in the central nervous system (CNS), which 

includes the brain and spinal cord. Neuroinflammation can be triggered by various factors 

including the overproduction of different cells which includes cytokines, chemokines, reactive 

oxygen and secondary messengers; where they are produced by microglia and astrocytes, 

endothelial cells and peripherally derived immune cells (65). Neuroinflammation has been 

associated with the pathophysiology of major depressive disorder through an increase in 

proinflammatory cytokines and is known to affect 27% of patients with major depressive disorder 

(66). Neuroinflammation is also seen in many different neurological disorders that have high rates 

of comorbidity with major depressive disorders such as Alzheimer’s disease, Parkinson’s disease, 

multiple sclerosis, Huntington’s disease, stroke and migraine  (67-70). 

The neuroinflammation hypothesis of depression posits that inflammation in the CNS, particularly 

in the brain, plays a significant role in the development and maintenance of depression. This is 

induced by an elevated inflammatory response in the CNS, which contributes to the development 

of depression through the effects of proinflammatory cytokines and several other metabolites from 

inflammatory processes (65). Clinical studies have reported associations between depression 

and increased levels of various markers of immune activation, including circulating immune cells 

such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) (71, 72). Lima Giacobbo et 

al. have reported that patients with depression have been known for abnormal BDNF levels which 

may be due to chronic inflammation; therefore, neuroinflammation is known to affect BDNF-

related signalling pathways (73). 

Research had further indicated that during the treatment of inflammation there is an improvement 

of depressive symptoms to a certain extend (74). Repeated stress does not only influence 

synaptic plasticity and neurotransmitter dysregulation, but also increase levels of pro-

inflammatory cytokines in the brain and blood, which supports the hypothesis of depression and 

inflammation (75).  

1.2.3 Hypothalamic-Pituitary-Adrenal Axis in Depression 

During the HPA axis activation, there is an increased secretion of the corticotropin-releasing 

hormone (CRH) and arginine vasopressin (AVP) from the paraventricular nucleus of the 

hypothalamus; however, during disease states such as depression, this process is aggravated 

(76). With overactivation of the HPA axis, individuals may develop further depressive symptoms 
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where CRH itself leads to a further increase in the sympathetic nervous system activity and resting 

HR. Corticotropin-releasing hormone activates the pituitary gland to secrete adrenocorticotropin 

hormone (ACTH) in the bloodstream (77). From here on, ACTH binds to its receptor on the 

adrenal cortex, leading to increased glucocorticoid levels that may result in the reduction of BDNF 

expression in the hippocampus (78). Excessive glucocorticoids supress the binding between 

BDNF and its receptor, TrkB which leads to a decrease in BDNF signalling (78). 

1.3 Neurotrophic Factors 

Levi-Montalcini (1987) identified the first neurotrophic factor known as nerve growth factor (NGF), 

which plays a protective role in developing the sympathetic nervous system. Nerve growth factor 

is important in the development of sympathetic, sensory and forebrain cholinergic neurons (79, 

80). Together with NGF, other neurotrophic factors are also part of the family of biomolecules 

which include neurotrophin-3 (NT-3), NT-4, NT-5, NT-6, NT-9, ciliary neurotrophic factor (CNTF), 

glial cell line-derived neurotrophic factor (GDNF) and BDNF (81-83). In this dissertation, we only 

focused on BDNF and its diverse effects on depression and the cardiovascular system. 

1.3.1 Brain-derived neurotrophic factor 

Brain-derived neurotrophic factor is most known to act on certain neurons in the central and 

peripheral nervous system, helping to support survival of neurons and enhancing the growth and 

differentiation of new neurons and synapses (84-88). Brain-derived neurotrophic factor occur first 

as a precursor protein that undergoes intracellular cleaving to form a mature protein consisting of 

118-120 amino acids (89). The precursor proBDNF (preproBDNF) is synthesized in the 

endothelial reticulum, where it is converted to proBDNF and transported to the Golgi for 

organisation into secretory vesicles (90, 91). The second mechanism incorporates a key 

candidate known as matrix metalloproteinase-9 (MMP-9) which is highly expressed in the 

hippocampus and has shown to convert proBDNF to mature BDNF (92). 

Every neurotrophic factor exerts its function through several types of receptors (93). For many 

years, it has been reported that proBDNF binds to low affinity pan neurotrophic factor (p75), while 

mature BDNF preferentially activates the Trk receptors (93). There are various subtypes of Trk 

receptors which include TrkA, TrkB, and TrkC, derived from different messenger ribonucleic acid 

(mRNA) splicing events (82, 94). Each isoform is specifically made to support different 

neurotrophin. It has been reported that TrkA is primarily associated with NGF signalling that 

promotes the survival and differentiation of sensory- and sympathetic neurons. TrkB receptors 

are activated by BDNF, NT-4, NT-5 where it plays an important role in the survival and 

differentiation of various neurons, as well as various cardiovascular systems (Figure 1.2). Lastly, 

TrkC receptors is activated by NT-3 which has an important role in sensory and motor neurons 
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(95). Importantly, Trk receptors are also present in the vascular endothelial cells and vascular 

smooth muscle cells of the CV system and suggests an autocrine control for CV cell functions by 

neurotrophins (96).   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. Brain-derived neurotrophic factor and synthesis and binding. Where: BDNF, brain-

derived neurotrophic factor; p75, pan neurotrophic factor; TrkB, tyrosine kinase B; MMP-9, matrix 

metalloproteinase-9.  

Brain-derived neurotrophic factor is structurally like NT-3, NT-4, and NT-5, which all binds to the 

TrkB receptor. Brain-derived neurotrophic factor is normally found in the hippocampus, amygdala, 

cerebellum and cerebral cortex in both humans and animals, with the highest levels found in the 

hippocampal neurons (7). Studies reported the following:  

- Amygdala: there is reduced plasma BDNF in individuals suffering from major depressive 

disorder and the neurotrophic model proposes that stress decrease the expression of 

BDNF in the limbic regions, contributing to the development of depression (97). 

- Hippocampus: there are studies that reported that prolonged anxiety or depression, leads 

to a significant decrease and secretion of BDNF levels in the hippocampus (7, 98). 

- Brainstem: during depression, there is an overactivation of the HPA axis activity as well 

as the release of glucocorticoids, which in turn leads to decreased levels of BDNF (99).  
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Despite BDNF’s role in neuronal tissue, neurotrophic factors also exert unique CV activity. Brain-

derived neurotrophic factor is secreted from several different cells, where it acts locally and over 

short distances in the CV system (100). Chacon-Fernandez et al. (2016) reported that BDNF is 

synthesized in the platelets that circulates in the bloodstream (101). This is discussed later.  

1.3.2 The role of the Epigenetic Mechanism in Brain-Derived Neurotrophic 

Factor 

Brain-derived neurotrophic factor is regulated with the help of an epigenetic mechanism known 

as deoxyribonucleic acid (DNA) methylation, histone acetylation and other chemical alterations in 

gene promotor regions (102, 103). Moore et al. (2013) indicated that DNA methylation of cytosine 

in cytosine-guanine (CpG) dinucleotides is one of the major factors responsible for changes in 

the BDNF gene locus (104). The locus of BDNF is highly complex and consists of 11 axons and 

nine promotors (105). There is a definite relationship between increased CpG methylation and 

the BDNF gene and decreased BDNF secretion (103, 106, 107). In the general population, 

increased BDNF methylation also correlate with depression (103). Several other studies indicated 

that individuals suffering from mood disorders have higher DNA methylation percentages, leading 

to decreased BDNF (103, 105). 

Deoxyribonucleic acid methylation is one of the important mechanisms, which change gene 

expression and is correlated with atherosclerosis (108-111). Several researchers reported on the 

key role it initiates on atherosclerosis (109, 112). Further research indicated that alterations in 

DNA methylation have been associated with chronic inflammatory profile diseases (109). 

Inflammatory conditions have associated with hypermethylation of BDNF which is connected to 

increased mortality rate in atherosclerotic-related and CAD (109). 

1.3.3 Cardio-Protective Mechanism of Brain-Derived N Neurotrophic Factor 

The effects of BDNF on cardiac development were first identified through a study done on BDNF 

deficient mice, which exhibited early postnatal lethality and presented with defects which include 

atrial septation and intramyocardial vessel fragility and haemorrhage, leading to reduced ejection 

fraction (113). Notably, a study from the Framingham cohort that prospectively investigating the 

association of circulating BDNF levels with CV events and mortality in 3687 participants (mean 

age 65 years, 2068 women) and then performing Mendelian randomization experiment in the 

CARDIoGRAM (Coronary ARtery DIsease Genome-Wide Replication and Meta-Analysis) 

consortium (20,000 CAD, >60,000 controls) suggested a casual protective role of BDNF in the 

pathogenesis of CVD (114).  

Brain-derived neurotrophic factor is secreted from different cells such as cardiomyocytes, 

endothelial cells, vascular smooth muscle cells and fibroblasts, where it exerts locally and acts 
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over short distances in the CV system (101). Brain-derived neurotrophic factor is synthesized and 

packed in alpha granules of megakaryocytes, the platelet precursor (101). When platelets are 

activated, such as in response to injury or inflammation, the contents of their granules, including 

BDNF, can be released in high concentrations (115). Brain-derived neurotrophic factor’s receptor, 

TrkB has been found to be expressed in endothelial cells. The activation of TrkB has been 

associated with the regulation of vascular permeability and may also play a significant role in 

maintaining endothelial barrier integrity and promoting smooth muscle cell activity (116). Donovan 

et al. (1995) found that vascular smooth muscle cells release Trk receptors (117). Cardiac 

endothelial cells in atherosclerotic lesions in humans also release TrkB receptors, whereas a 

decrease in TrkB is necessary for the regulation of vascular endothelial cadherin expression, a 

molecule responsible for cell proliferation and apoptosis (118). Hereby, it is reasonable to 

speculate that increased TrkB activity protects against CV atherosclerosis. From the latter, 

increased BDNF/TrkB play a cardio-protective role against the development of atherosclerosis, 

whereas it also decreases the risk for CVD (119). 

1.4 Atherosclerosis and Arteriosclerosis 

Atherosclerosis is a condition characterized by the build-up of plaque inside the arteries (120, 

121). Atherosclerosis is a progressive disorder that involves large and medium-sized arteries and 

involves the accumulation of fatty deposits, cholesterol, calcium and other substances in the inner 

walls of the arteries (120, 121). These deposits, known as plaque, can gradually narrow and 

harden the arteries restricting blood flow, leading to reduced supply of oxygen-rich blood to vital 

organs (122, 123).  

The arterial wall consists of three layers which include the intima (innermost layer), media (middle 

layer), and adventitia (outer layer). The endothelium is a thin layer of cells that play an important 

role in regulating vascular tone, blood flow and immune response (124). The endothelial cells 

further maintain a non-adhesive and anti-inflammatory surface, preventing the adhesion of white 

blood cells and platelets. Furthermore, the arterial wall is constantly exposed to lipids, where the 

arterial wall metabolizes and remove the excess lipids, preventing the build-up of plaque (125). 

During the development of atherosclerosis, normal physiological process is disrupted which leads 

to the accumulation of lipids and different inflammatory substances in the arterial wall (126). 

Despite numerous research being done, the mechanism regarding atherosclerosis is still 

controversial and not yet well understood.  

Upon injury to the endothelial cells, the innermost layer of the arterial walls’ white blood cells and 

several other inflammatory cells are recruited. These cells release different cytokines and other 

molecules that cause the endothelium to become permeable, allowing lipids and other substances 

to enter the arterial wall (127, 128). Low-density lipoprotein (LDL) cholesterol particles enter the 
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arterial wall, trapping them in the intima (129). Low-density lipoprotein cholesterol trapping 

increases the concentration of LDL cholesterol in the intima, which leads to immediate oxidation 

of LDL particles (129). Due to atherogenesis, monocytes, and T-lymphocytes also infiltrate into 

the vascular intima (129). All these events include the accumulation of cholesterol and other lipids 

in the arterial wall, forming a fatty streak (127, 128). Oxidized LDL cholesterol particles come into 

contact with several other LDL particles, subsequently attracting and activating white blood cells 

such as monocytes. Monocytes are now rapidly recruited to the arterial wall, where they 

differentiate into macrophages and dendritic cells (130). Macrophages are recruited to the injured 

site, resulting in macrophage-derived foam cells. Macrophage-derived foam cells in the intima die 

through a process known as apoptosis. Apoptosis further leads to the growth of atherosclerotic 

plaque, where monocytes lead to the production of cytotoxic substances such as tumour necrosis 

factor alpha (TNF-α), growth factors, and free radicals, which further lead to more damage to the 

endothelium cells, as well as more LDL cholesterol oxidation (129).  

Further damage to the vascular cells occurs when smooth muscle cells and endothelial cells 

secrete peptides, including cytokines, and growth factors such as interleukin-1 (IL-1), IL-6, and 

TNF-α (129). Smooth muscle cells now migrate to form fibrous caps. Fibrous caps are composed 

of collagen fibre tissues, smooth muscle cells, macrophages and T lymphocytes, that all 

contribute to mature atherosclerosis (Figure 1.3) (129). 

 

 

 

 

 

 

 

 

 

 

Figure 1.3. Schematic representation of the process of atherosclerotic disease. 
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Over time, plaque build-up tends to lead to hardening of the arterial wall, which reduces the ability 

of the arterial wall to expand and contract in response to several physiological changes resulting 

in the loss of elasticity (131).  

Arterial stiffness or arteriosclerosis is mostly associated with but can also occur separate from 

atherosclerosis, which is an intimal abnormality that represents a consequence of arteriosclerosis. 

Therefore, atherosclerosis is literally the hardening of arteries (132). Arteriosclerosis is 

accompanied by aging and is associated with major adverse impacts on the CV system (132). 

Other risk factors include age, smoking, hypertension, diabetes mellitus, obesity and high 

cholesterol levels (133). The pathophysiological process of arteriosclerosis is a complex process 

that involves a combination of structural and functional changes in the arterial wall (134, 135). 

Arterial stiffness is further worsened by the tone of the smooth muscle cells in the arterial wall. 

Together with the above-mentioned CV risk factors, the smooth muscle cells become 

hypercontractile, leading to an increase in arterial tone and stiffness (133).  

Another important risk factor includes inflammation. Inflammation contributes to the development 

of arterial stiffness, as it leads to the breakdown of elastin fibres and the deposition of collagen in 

the arterial wall (136). Several mechanisms of inflammation lead to arterial stiffness. These 

mechanisms include inflammation which is associated with endothelial dysfunction which in turn 

regulates smooth muscle tone. Inflammation also triggers an increased synthesis of matrix 

metalloproteinases, decreasing elastin and ultimately resulting in stiffening of arteries. Further 

several inflammatory mediators directly stimulate vascular calcification, which can lead to 

stiffening (137). During advanced stages of arteriosclerosis, deposition of inflammatory 

substances increases to such an extent that it leads to the hardening of the arterial wall, making 

the arterial wall less flexible (131, 133, 138). 

1.5 Cardiovascular Risk Factors, Diseases and Brain-Derived Neurotrophic Factor 

Cardiovascular risk factors are characteristics or behaviours that increase the likelihood of 

developing CVD. These risk factors could include lack of exercise, unhealthy eating, smoking, 

diabetes mellitus, age and family history. Hypertension is one of the strongest CV risk factors for 

the development of CVD (139). In addition, there is further evidence that suggests that depression 

and anxiety are known risk factors for developing CVD such as coronary heart disease (140). 

Furthermore, independent CV risk factors are known as hypertension, diabetes mellitus and 

cigarette smoking (140). Plasma BDNF levels was inversely associated with levels of triglycerides 

and LDL cholesterol, presence of diabetes mellitus, fibrinogen level, male sex and age, and 

positively associates with high-density lipoprotein (HDL) cholesterol and platelet count (Table 1.3) 

(11).  
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Table 1.3. Association between BDNF and CV risk factors  

High BDNF levels Low BDNF levels 

↑ HDL cholesterol (11) 

↑ platelet count (11) 

Daily exercise (141) 

Healthy eating habits (141) 

 

↑ LDL cholesterol (11) 

↑ total cholesterol 

↑ triglycerides (11) 

↑ blood pressure (142) 

↑ renin-angiotensin system activity (142) 

↑ fibrinogen (11) 

Bad eating habits (141) 

Old age (11, 118) 

Male sex (11) 

 

Reduced BDNF levels have been observed in individuals with depression and these lower levels 

appear to affect various aspects of blood pressure, including low blood pressure, arterial 

baroreceptors, the renin-angiotensin system and endothelial nitric oxide (NO) synthase (141, 

142). During normal conditions when blood pressure increases, baroreceptors reduce HR and 

blood pressure by a negative feedback mechanism. Pathophysiological changes influence this 

mechanism. Choe et al. reported that a high dietary salt intake can decrease the baroreceptor-

mediated inhibition of vasopressin neurons through a BDNF-dependent activation of TrkB 

receptors (143). High salt intake has been a possible contributor to neuropsychiatric disease and 

has recently been associated with greater depressive symptoms severity in adolescents (144). 

The combination of prolonged stress together with a high salt intake has been recognized in 

humans as a predictor for hypertension, particularly in salt-sensitive individuals (145-147). 

Through these observations, stress-salt interactions are suspected to contribute to the 

association between stress-related neuropsychiatric diseases and CVD (148). Hereby, they 

reported that BDNF is required for normal baroreceptor function and HR regulation, but these 

effects can be reduced in pathophysiological conditions, which can lead to the development of 

hypertension (143).  

Brain-derived neurotrophic factor and its receptor, TrkB, are expressed in various types of cells 

such as cardiomyocytes, endothelial cells, vascular smooth muscle cells and fibroblasts in the CV 

system. Here, BDNF/TrkB is associated with the development and outcome of CVD, including 

coronary artery disease, heart failure, cardiomyopathy, hypertension and metabolic disease 

(149). During the investigation of BDNF, it has been identified that low levels of BDNF are 

associated with endothelial dysfunction (141). Endothelial dysfunction has been recognized as 

the initial phases of atherosclerosis (150). Brain-derived neurotrophic factor is also expressed in 
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vascular endothelial cells, macrophages, and smooth muscle cells in atherosclerotic coronary 

arteries (117). Low BDNF levels also lead to plaque instability, due to the activation of oxidative 

stress which leads to the formation of superoxide utilizing nicotinamide, adenine dinucleotide 

phosphate (NADPH) oxidase system activation in several vascular structures (151). During 

diseases such as hypertension, diabetes mellitus, and atherosclerosis there is an increase in 

vascular superoxide radicals which indicates that oxidative stress is playing a role in 

atherosclerosis; therefore, correlating with CV risk factors and CVD (152). In accordance with the 

neurotrophic hypothesis of depression, depressive symptoms can be linked to stress-induced 

decreases in BDNF due to a mechanism that influence neuroplasticity and neurogenesis and 

promotes cell atrophy. This mechanism could possibly explain why decreased BDNF levels are 

often observed in individuals with depression (153). Han et al. reported a significant decreased 

BDNF serum levels in patients with coronary heart disease compared to healthy individuals (154), 

this was also the case in previous studies (11). Further, it has been proposed that depression 

could be linked to several CV risk markers which include bad eating habits, sedentary lifestyle, 

increased SNS activity, vascular inflammation and platelet activation (155). 

Brain-derived neurotrophic factor has also been linked to arterial stiffness; however, the exact 

relationship is not fully understood (156). Arterial stiffness is also associated with CV risk factors 

such as aging, hypertension, diabetes mellitus, dyslipidaemia, obesity, and smoking (123). 

Arterial stiffness is measured using a non-invasive method that assess the speed at which a pulse 

wave travels along two different point. Pulse wave velocity (PWV) is the most used and well-

established method for assessing arterial stiffness; also, it has been reported that PWV becomes 

higher in stiffened arteries (123). Brain-derived neurotrophic factor has been known to correlate 

with depression and arterial stiffness, as described previously, where low serum levels of BDNF 

associated with increased vascular resistance (156). Depressive symptoms further contribute 

towards subclinical atherosclerosis which results in impaired functional and structural markers of 

subclinical atherosclerosis (157). In addition, Dietz and Matthews reported in individuals with 

depression (low depressive symptoms n=52; moderate depressive symptoms n=55; high 

depressive symptoms n=50) had significant higher measures of PWV (152), indicating a higher 

risk for arterial stiffness (158). Also, Wu et al. reported on 5947 participants with depressive 

symptoms and 34,423 participants without depressive symptoms. When these groups were 

compared, individuals suffering from depressive symptoms showed a significantly higher PWV 

measures compared to individuals without depressive symptoms (157).  

1.6 Problem Statement and Motivation 

Depression is a mental health condition that affects several individuals worldwide, where it is 

reported that depression is one of the leading causes of disability, which significantly affects a 
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person’s quality of life, functioning, and well-being (159). A contributing factor involved in the 

development of depression is alterations in neurotrophic factor levels. Studies have led to the 

formation of the neurotrophic hypothesis of depression (5). The neurotrophic hypothesis of 

depression posits that disruption in neurotrophic factor, particularly decreased levels of BDNF, 

play a role in the pathophysiology of depression (5). Support for the neurotrophic hypothesis has 

been tested by various studies, which include those showing that antidepressant medications can 

increase levels of BDNF and other neurotrophic factors in the brain (5). Animal studies 

demonstrated that reduce levels of BDNF leads to depressive-like behaviours, while increasing 

levels of BDNF can have antidepressant effects (160). Further research implicating BDNF’s role 

in depression is still unknown.  

Depression is more prevalent in black communities in developing countries, especially in women 

(161). The prevalence can be attributed to the fact that black individuals face different social 

pressures, which may make them more susceptible to depression (162). Socioeconomic status, 

educational opportunities, employment and neighbourhood conditions are important social 

determinants of health that play a pivotal role in the onset of depression (163). Black Africans 

from the Sympathetic Activity and Ambulatory Blood Pressure in Africans (SABPA) cohort 

demonstrated higher prevalence of depressive symptoms compared to their white counterparts 

(21). Further literature originated from the SABPA cohort, reported significant results of 

depression and BDNF and the link it had on the CV system in the black population (4, 22-24). 

Higher levels of BDNF have been shown to have diverse effects on the CV system, including 

promoting angiogenesis, protecting against oxidative stress, inflammation, and regulation of 

vascular tone and function (124, 164). Studies have reported that there is an association between 

lower BDNF levels and increased risk for CVD, suggesting that BDNF plays a role in the 

development and progression of CVD (149, 165, 166). We aimed to explore whether this holds 

true within our population, focusing particularly on a black population among whom a higher 

prevalence of depressive symptoms, increased vascular remodelling and CV risk factors have 

already been documented.  

1.7 The Research Aim, Objectives and Hypothesis 

The aim of the study: 

The overall aim of the study was to investigate differences in BDNF levels as well as markers of 

vascular remodeling and function, CIMT and PWV in individuals with and without depression and 

whether relationships between these markers exist in each group.  
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The objectives of the study: 

i. To compare the BDNF, CIMT and PWV measures between individuals with and 

without depression.  

ii. To investigate if independent associations exist between BDNF, CIMT and PWV in 

individuals with and without depression. 

From the literature, we hypothesized that:  

i. Individuals with depression exhibit lower BDNF levels and higher CIMT and PWV 

measures, compared to individuals without depression.  

ii. Inverse independent associations will be present between BDNF, CIMT and PWV in 

individuals with depression, but not in individuals without depression.  
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2. Methodology 

According to Babbie and Mouton (2001) research methodology refers to the design and methods 

of research. The research design focuses on the final product with the problem statement as a 

point of departure, while the research method is specific procedures done. Procedures include 

research design, target population, the sampling method, the methods and procedures of data 

collection, the method according to which data is analysed as well as specific measures to ensure 

that the results are ethically approved and valid (1). This section elaborates on the procedures 

and measurements used to obtain data required to answer the research question of our study.  

2.1 Ethical Approval and Permission 

Prior to commencement of the study, permission was obtained from the North-West University, 

Department of Education, the South African Democratic Teacher’s Union, and the headmaster of 

respective schools. Ethical approval for the Sympathetic activity and Ambulatory Blood Pressure 

in Africans (SABPA) study (number NWU-00036-07-A6) was obtained from the Health Research 

Committee of the North-West University, Potchefstroom Campus and written consent has been 

obtained for all volunteers prior to participation. All procedures adhered to the application 

institutional guidelines and terms, as stated by the Declaration of Helsinki, revised in 2008 (2).  

Approval was granted by the North-West University’s Health Research Ethics Committee (number 

NWU-0303-21-A1) for the completion of the master study (Appendix A). Finally, a confidentiality 

agreement was signed by the student prior to the distribution of data. 

2.2 Study Design and Sampling Population 

This MHSc study is based on existing data from the Sympathetic Activity and Ambulatory Blood 

Pressure in Africans (SABPA) study. The SABPA study was based on a cross-sectional approach 

defined as a type of research in which you collect data from many different individuals at a single 

point in time. In cross-sectional research, you observe variables without influencing them (3). The 

following actions were taken during 2008 and 2009 to recruit the population for purposes of this 

study.  

The SABPA study was conducted on urban black and white teachers in the Dr Kenneth Kaunda 

District of the North West Province of South Africa (Figure 2.1). This selection ensure that 

participants shared similar occupation and environmental statuses, but we could not control for 
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cultural diversity (4). Teachers (n=2170), aged 20-65 years, were invited and 471 participants 

were assessed for eligibility. 

 

 

 

 

 

 

 

 

 

Figure 2.1. The Dr Kenneth Kaunda District of the North West Province of South Africa. Indicated 

in red the regions of teachers that participated in the Sympathetic activity and Ambulatory Blood 

Pressure in Africans.  

2.3 Recruitment 

Approximately three months prior to the commencement of the SABPA study, principles of 43 

schools in the Dr Kenneth Kaunda district of the North West Province, South Africa, were informed 

about the study project by the principal investigator (PI), Professor Leone Malan. The principals 

were asked to notify their staff about the project. Hereafter, the SABPA research team held 

information sessions with the school personnel, at their respective schools, to explain the details 

of the project. These sessions were conducted in the three main languages spoken in the district 

which is either Afrikaans, English, and/or Setswana, the SABPA study’s main aims and objectives, 

as well as planned measurements and procedures and their expected outcomes and expectations 

were discussed.  

Teachers who indicated that they were not interested in participating were thanked for their time 

and not contacted again. Teachers that showed interest were screened to assess their eligibility 

to participate in the study according to the inclusion and exclusion criteria. The exclusion criteria 
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included individuals with a tympanum termperature higher than 37.5°C, those who used alpha 

and beta blockers, or pregnant and lactating women, also individuals who have been vaccinated 

or donated blood within three months prior to participation, and individuals depending on or 

abusing psychotropic substances. Table 2.1 summarises the main inclusion and exclusion criteria 

and their justifications. 

Table 2.1. Inclusion and exclusion criteria. 

Inclusion criteria Justification 

Teachers from the Dr Kenneth Kaunda 

Education district aged 20-65 years. 

To ensure socio-demographic homogeneity in 

the study sample. 

Black and white ethnicity. As part of the SABPA sutdy, the main aim was 

to investigate the ethnic differences related to 

the aspects of cardiovascular (CV) system. 

Hence, the study made use of both black and 

white teachers. 

Exclusion criteria Justification 

A tympanic temperature of above 37.5°C. Tympanic temperature above 37.5°C 

indicated the possibility of microbial infections 

(5). 

Blood donors. Blood donation in the preceding three months 

would exclude the participants having blood 

drawn due to the risk of anaemia (6). 

Vaccination less than three months prior to 

data collection. 

Vaccination artifically increases white blood 

cell count. 

Individuals depending on or abusing 

psychotropic substances.  

Psychotropic drugs would cause disturbances 

in biochemical measurements, e.g., anti-

depressant treatment tends to increase serum 

brain-derived neurotrophic factor (BDNF), 

possibly decreasing the risk for depression, 

atherosclerosis, and arterial stiffness (7). 

Pregnant or lactating women. Hormonal changes related to pregnancy or 

lactating could influence various CV and 

biochemical measurements. Pregnant or 

lactating women may reduce wall tension or 
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increase the exposure to collagen fibres, 

whereas it could lead to the development of 

vascular or venous disease (8). 

Users of alpha and beta blockers The use of alpha and beta blockers abuse can 

lead to disturbances in various measures, e.g., 

alpha and beta blockers can slow the 

progression of coronary atherosclerosis, 

hereby, decreasing the risk of atherosclerosis 

(9). 

The teachers had the opportunity to discuss the study with their family for seven days. Teachers 

that notified the study team that they still had interest in participating were scheduled for 

participation. Informed consent was obtained by a registered nurse the day of participation before 

the commencement of any measurements. Participants were allowed to withdraw from the study 

at any given time.  

2.3.1 Study Participants 

Ultimately, 409 participants were finally included in the study: 200 black (101 men and 99 women) 

and 209 white (101 men and 108 women) (Figure 2.2). Phase I of the study was conducted in 

February to May (2008 and 2009) to control for seasonal changes which could affect various 

physiolgoical measures such as inflammatory biomarkers, neurotrophic factor markers, and 

inflammatory markers (10, 11). 

 

 

 

 

 

 

Figure 2.2. Diagram of the study from the Sympathetic activity and Ambulatory Blood Pressure in 

Africans study.  
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Only the research procedures relevant to this Master study will be discussed in the 

following section. 

2.4 Study population 

The Master’s study included data from all 200 black teachers. Seven participants were excluded 

due to missing data for BDNF (n=1), carotid intima-media thickness (CIMT) (n=2), and pulse wave 

velocity (PWV) (n=4) (Figure 2.3). We only included data from black teachers based on a large 

amount of literature originated from the SABPA cohort, reported significant results of depression, 

BDNF, and the affect it had on the CV system, in the black population (12-15). Schutte et al. later 

noticed that BDNF levels were lower in black individuals and hypothesized that lower BDNF levels 

could increase their vulnerability to depression (14). Malan et al. confirmed that chronic 

depression in the SABPA black teachers’ cohort was associated with regulation and perfusion 

deficit (16). Further, the SABPA study also documented that the downregulation of BDNF levels 

is associated with hypertrophic remodeling of the carotid artery and may perhaps be a 

compensaotry mechanism for high blood pressure in black individuals (15).  
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Figure 2.3. Flow chart of SABPA study phase I and the additional exclusion criteria for this MHSc 

study’s population.  

2.5 Data collection 

The SABPA protocol was carried out over two days (Figure 2.4). These two days included an 

overnight stay at the Metabolic Unit, where research participants took part on Tuesday, 

Wednesday, and Thursday, respectively. The Metabolic Unit of the North-West University, 

Potchefstroom Campus, is a research facility for human studies equipped with well-furnished 

bedrooms, a kitchen, two bathrooms, and a television room. On the first day, at 07:00, a validated 
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24-hour ambulatory blood pressure monitor (ABPM) was attached to each participant at their 

school to obtain ambulatory blood pressure measurements. Participants resumed with their 

normal daily activities for the day. Later the day, at approximately 16:30, participants were 

transported to the Metabolic Unit facility at the North-West University. The following day’s 

procedures and experimental setup were explained to all the participants. A stadardised dinner 

was served at 18:00, whereafter, the questionnaires such as the General Health Questionnaire 

and Patient Health Questionnaire-9 followed. At 20:30, the participants received their last 

beverage and were requested to go to bed by 22:00. 

On day two, the 24-hour ABPM was disconnected, followed by anthropometric measurements, 

CV measurements, which include resting blood pressure, PWV, and CIMT. Also, a resting sample 

of 65 ml was obtained by a registered nurse from the antebrachial vein of the dominant arm using 

a winged infusion set. Thereafter, the blood samples were sent to the laboratory for preparation 

and storage. Samples were prepared according to standardised methods and stored in a 

laboratory bio-freezer at -80°C. After the respective measurements were completed, participants 

received feedback. Participants in need of counselling were assisted, also, if there were any 

concern regarding their values, they were referred to a medical practitioner. Lastly, the 

participants were thanked for their time and given a takeaway breakfast. 
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Figure 2.4. Infographic of the SABPA protocol measurements that were carried out over two days. 
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2.6 Cardiovascular measurements 

The 24-hour ABPM device was attached to the participant’s non-dominant arm – seeing that we 

use our non-dominant arm less during day-to-day activities – with an appropriate cuff size for the 

participants. Participants were advised on optimising inflation during the measurement period, 

participants were advised to sit comfortably or stand still without engaging in coversation or 

walking whenever the cuff initiated inflation. The Cardiotens® apparatus (Meditech CEO®, 

Budapest, Hungary) was validated by the British Hypertension Society and was programmed to 

inflate every 30 minutes during the day (08:00-22:00) and every 60 minutess during night (22:00-

06:00). The ABPM device was removed by 07:00 am for further analyses. These measurements 

included systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure 

(MAP), pulse pressure (PP) and heart rate (HR). The data was downloaded onto a database with 

the help of the Cardiotens 1.9.0 personal software (Meditech). Sucessful inflation rates of 70% or 

more were required for a measurement to be regarded as adequate. If the inflation rates were 

below 70% the participants were asked to repeat the 24-hour ABPM measurements as soon as 

possible.  

2.7 Carotid intima-media thickness 

Carotid intima-media thickness (CIMT) is one of the biomarkers used to assess vascular structural 

changes (15). Carotid intima-media thickness can be used by medical professionals, as it is a 

biomarker for future cardiovascular disease (CVD) (17). The CIMT was measured with the help 

of SonoSite Inc., Micromax Ultrasound System (SonoSite Inc., Bothell, WA, USA) and 6-13 MHz 

linear array transducer, using the Rudy Meijer protocol (18). The carotid artery ultrasound was 

imaged from two different angles of both left and right artries. The images were then imported 

into the Artery System Automated Software (Gothenburg, Sweden) for dedicated analyses. The 

program automatically detects the borders of the intima-media of the near and far wall, as well as 

the inner diameter of the vessel and calculates CIMT from around 100 discrete measurements 

through the 10 cm segment. For this study the far wall CIMT measurements were used  (Figure 

2.5). 
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Figure 2.5. Schematic representation of the different parts of the carotid artery during the analyses 

of the carotid intima-media thickness (Appendix B). 

2.8 Pulse wave velocity 

Pulse wave velocity (PWV) is a non-invasive method to determine the stiffness of both elastic and 

muscular arteries (19). For the study, we used the carotid-dorsalis pedis PWV using Complior SP 

Acquisition System (Artech-Medical, Pantin, France). The carotid-dorsalis pedis PWV is 

measured between the carotid artery and dorsalis-pedis. The PWV measurements were done in 

triplicate on the left side of each participant after 15-20 minutes in the supine position. The same 

two observers took all measurements, to ensure validity. However, the carotid-femoral PWV is 

the gold standard to assess aortic stiffness (20), as it is easy to use and has the best predictive 

value for CV events (21), but carotid-dorsalis pedis PWV is seen as a readily accessible 

alternative method for the carotid-femoral PWV (22). Pulse wave velocity measurement greater 

than 12 m/s were considered to indicate subclinical organ damage, which leads to increased 

morbidity and mortality (23). 

2.9 Anthropometric measurements and questionnaires 

2.9.1 Anthropometric measurements 

All measurements were done in triplicate by trained anthropometrists, and the median was 

calculated for the final score and reported in the dataset. During these measurements, 

participants were requested to wear minimal clothing without shoes. Women participants were 

measured by a female biokineticist, and men by male biokineticist in a private room to ensure 

participant’s comfort. Stature was measured with a stadiometer (Invicta stadiometer, IP, 1465, 



 

41 

London, UK) to the nearest 0.1 cm and weight to the nearest 0.1 kg with a health scale (Precision 

Health Scale; A & D Company, Tokyo, Japan). The waist circumference was measured to the 

nearest 0.1 cm using a non-stretchable flexible 7 mm wide metal tape (Holtain, Croswell, Wales). 

Body mass index (BMI) was calculated using the formula: weight/(height)2. 

2.9.2 Questionnaires 

The General Health Questionnaires was completed to acquire self-reported data on age, sex, 

lifestyle factors, smoking, alcohol abuse, and medication use (anti-inflammatory, anti-coagulation, 

statins, and anti-hypertensives). Depressive symptoms severity was obtained by the Patient 

Health Questionnaire-9 (PHQ-9). The PHQ-9 is the international gold standard measurements 

tool for measuring the severity of depression (24). The PHQ-9 consisted out of nine items, each 

of which is scored 0-3 providing a severity score of 0 to 27. The PHQ-9 was validated in various 

ethnic groups for use in primary care settings (24). Minimal depression is indicated with a score 

of 0-4, mild depression is indicated with a score of 5-9, and moderate depression is indicated with 

a score of 10-14. Moderately severe depression is indicated with a score of 15-19, and severe 

depression is indicated with a score of 20-27 (24). The recommended and established PHQ-9 

cut-off point of ≥10 indicates the presence of depression (24). Therefore, for this Master study, 

individuals with a total PHQ-9 score of ≥10 were considered as individuals with depression, and 

a score below 10 indicated individuals without depression.  

2.10 Biochemical analysis  

An experienced registered nurse drew blood from the antebrachial vein using a sterile infusion 

set from the participants before 10:00. The nurse adhered to all standard practise of care which 

include wearing latex gloves.  

Standardised methods were followed in preparing serum, ethylenediaminetetraacetate (EDTA), 

and fluoride sample tests. Hereafter, the blood was taken to the laboratory by a runner, where 

blood samples were handled. Blood samples such as serum were left at room temperature for 

20-45 minutes to allow coagulation; whereafter they were centrifuged. Plasma samples were 

aliquoted and placed into Eppendorf tubes for storage in a laboratory bio-freezer at -80°C until 

required for further analyses. Serum analyses of BDNF were done by Quantikine Colorometric 

Sandwich Immunoassay (R & D System, USA, Canada) with intra-assay precision between 3.8% 

and 4.2% inter-assay coefficient of variations (CV) <7.6% and 11.3%. 

The EDTA whole blood samples were used to analyse glucosylated haemoglobin A1c (HbA1c) 

and sodium fluoride samples for fasting glucose determination. The percentage of HbA1c was 

determined using the turbidimetric inhibition immunoassay be means of the Roche Integra® 400 

(Roche, Basil, Switzerland) apparatus. Additionally, fasting glucose samples were collected in 
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sodium fluoride tubes and analysed using the time-end method (Unicel DXC, Beckham, Coulter, 

Germany). Gamma-glutamyl transferase (GGT), an indicator of alcohol consumption (25), and 

serum cotinine, an indicator of nicotine levels (26), were analysed with the enzyme rate method. 

Tumour necrosis factor alpha (TNF-α) and interleukin-6 (IL-6) were measured via a Quantikine 

HS Elisa Human Serum TNF-α Immunoassay (HS Elisa; R & D System, Minneapolis, MN, USA). 

Total cholesterol and high-density lipoprotein (HDL) cholesterol were determined via the time end-

point method (Unicel DXC 800®, Beckham and Coulter, Germany). Low-density lipoprotein (LDL) 

cholesterol was calculated using the formula: LDL = TC – HDL – (0.45 x triglycerides)(27).  

2.11 Power analysis and statistical analysis 

2.11.1 Power analyses 

We performed a-priori analyses during G*power 3.1.9.2 software (28) to determine the minimum 

required group size when performing a multiple regression (Figure 2.6). The best family section 

was set as a t-test and the statistical test as linear multiple regression. A two-tailed model was 

performed, assuming a medium effect size of 0.3 and alpha 0.05 power and ten predictors. The 

results indicated that a sample size of 55 participants would be required per investigated group. 

 

 

 

 

 

 

Figure 2.6. Visual representation of the a-priori power analyses using G*power software. 

2.11.2 Statistical analysis 

Data analyses and management were performed using IBM® SPSS® version 20 (IBM 

Corporation, Armonk, New York), Our sample population was divided into black individuals with 

and without depression, based on their PHQ-9 cut-off value of ≥10 (24). All variables that did not 

meet the criteria for normality (which include BMI, GGT, HbA1c, total cholesterol, TNF-α, IL-6, 

SBP, PP, PWV, TEE< cotinine, triglycerides, and glucose) were logarithmically transformed. 

The central tendency and spread of the normal and log-transformed variables were represented 

by a geometric mean and the 25th and 75th percentile, while dichotomous variables were reported 
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as the total number of the population and percentage. Means and proportions were compared by 

an independent t-test and chi-square test, respectively. We used single and partial correlation 

(adjusted for age, sex, 24-hour mean arterial pressure, and waist circumference) to determine if 

a relationship exist between CIMT and BDNF in respective groups and to determine which 

covariates to include into the multiple regression. Also, adjustment made can also be supported 

by research which indicated that males, older age, hypertension, dyslipidaemia, and type II 

diabetes mellitus were identified as risk factors that contribute to the presence of carotid plaque. 

Further, visual representation has also been included in the form of different scatterplots 

regression analyses were performed to determine if an independent association exist between 

CIMT and BDNF, and PWV and BDNF in the respective groups. These covariates included in the 

final model were age, sex, waist circumference, glucose, CRP, LDL cholesterol, MAP, and GGT. 

All P values refer to a two-sided hypothesis.  

2.12 Experienced during the MHSc academic years. 

During my academic years as a postgraduate student at the Hypertension in Africa Research 

Team (HART), I gained practical experience by being involved with data collection for the various 

studies running at the time, which include the African Prospective study on the Early detection 

and Identification of the cardiovascular disease (African-PREDICT), Hypertension & Exercise 

Arterial Modulation and Nutrition in Youth South Africa (ExAMIN Youth SA) study. Laboratory 

work and experience were gained as the student was responsible for the following, (i) centrifuged 

blood samples, samples were aliquoted into Eppendorf tubes for further analyses and (ii) full blood 

count were analysed using Beckham, Coulter, Germany. Experience has been gained on various 

devices, including the plate reader, Unicel DXC 800, Beckham and Coulter, and the Cobas Integra 

400 plus. Further courses such as ethical training and integrated research integrity management 

system training for postgraduate studies were completed. 
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3. Abstract 

Due to the results of pulse wave velocity being insignificant, it was decided that these results will 

not be documented or reported in the research article, seeing that we are preparing the 

research article for publication. The absence of the pulse wave velocity results is however 

discussed in the concluding chapter (Appendix C). 

Introduction: Brain-derived neurotrophic factor (BDNF) plays a cardio-protective role in the 

vascular system. Studies have shown that individuals with severe depression often have 

decreased BDNF which may increase their cardiovascular (CV) risk. With depression on the rise 

and non-communicable disease being the main cause of death in South Africa, we aimed to 

compare BDNF and carotid intima-media thickness (CIMT) and investigated the relationship 

between these factors in black individuals with and without depression.  

Materials and methods: The study sample consisted of 193 black individuals (mean age of 44; 

50% women). Depressive symptoms were determined with the Patient Health Questionnaire-9 

(PHQ-9). Participants with a score of ≥10 were considered depressed. CIMT was obtained by 

linear vascular ultrasonography and serum BDNF determined by the Quantikine Sandwich 

Immunoassay kit. 

Results: We observed that 44% of the study sample had moderate to severe depressive 

symptoms. The characteristics of the groups with and without depression were similar as no 

statistical differences were observed in variables under investigation. Despite this, correlation and 

multiple regression analyses indicated an inverse relationship between BDNF and CIMT 

(adjusted R2=0.487; β=-0.19; p=0.026) in individuals without depression.  

Conclusion: In individuals without depression, the inverse relationship found may be indicative 

of the protective effect on BDNF on the vascular structure. The absence of this relationship in 

individuals with depression suggested that BDNF’s vascular effect may be altered in this group, 

but further studies investigating individuals with severe depression are required to investigate the 

role of BDNF in depression and subsequent cardiovascular disease risk.  

Keywords: cardiovascular disease, atherosclerosis, neurotrophic factors, vascular 

dysregulation, mental disorders.  
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3.1 Introduction 

Mental disorders are increasingly being recognised as a serious health concern as people with 

severe mental health conditions, die on average 10 to 20 years earlier than the general population 

(1). According to the World Health Organization (WHO) most of these deaths are due to 

preventable diseases, especially cardiovascular disease (CVD) (2). Depression is considered as 

a risk factor for CVD and is correlated with increased mortality and poor quality of life in patients 

with CVD (3). Additionally, depression may play a role in CVD by means of depressed expression 

of BDNF, that could promote adverse vascular alterations to occur (4-6) 

Brain-derived neurotrophic factor has been shown to play a protective role in maintaining CV 

homeostasis (7, 8). It is stored and released from platelets into plasma (9) and is present in 

endothelial cells, macrophages, vascular smooth muscle cells, as well as atherosclerotic plaque  

(10, 11). Normal levels of BDNF have been associated with lower levels of platelet activation, 

which lead to the prevention of atherosclerotic plaque (12-14). Notably, a Mendelian 

randomization study from the Framingham cohort that prospectively investigated the association 

of circulating BDNF levels with CV events and mortality in 3687 participants suggested a casual 

protective role of BDNF in the pathogenesis of CVD (12).  

The Human Science Research Council (HSRC) reported that 33% of South Africans are 

depressed (15). In South Africa, non-communicable diseases (NCDs) are the primary causes of 

mortality, with CVD as one of the leading causes (16). Previous studies done in the Sympathetic 

activity and Ambulatory Blood Pressure in Africans (SABPA) cohort has indicated that depression 

play a key role in CV conditions, such as vascular diseases, hypertension, coronary artery 

disease, atherosclerosis, and arterial stiffness (17-19). Although altered functioning of the 

hypothalamic-pituitary-adrenal (HPA) axis functions in individuals with depression and lower 

levels of BDNF have already been reported in the black subgroups of the SABPA cohort (20), it 

is still unknown whether BDNF is related to vascular alteration in individuals with depression, and 

if the relationship will be different in this groups compared to individuals without depression.  

3.2 Materials and methods 

3.2.1 Study participants 

The participants were recruited as part of the SABPA study. We included black schoolteachers 

(n=200), 26-65 years, from the Dr Kenneth Kaunda district in the North West Province of South 

Africa. They shared similar occupational and environmental statuses. Exclusion criteria involved: 

tympanic temperature of 37.5°C, blood donors, vaccination less than three months before data 

collection, pregnant or lactating women and individuals on or abusing psychotropic substances. 
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Additional exclusion criteria included participant with missing data on BDNF and CIMT as well as 

individuals using beta blockers. Therefore, 193 Black participants were included in this study.  

3.2.2 Ethical consideration 

Ethical approval was obtained from the Ethics Review Board of the North-West University, 

Potchefstroom, Campus (number NWU-0303-21-A1). All participants in the SABPA study signed 

consent forms prior to measurements. The study complied with all applicable international 

regulation and the Helsinki declaration for investigating human participants. 

3.2.3 Research procedures and questionnaires 

The SABPA protocol was conducted over two days. On day one of the procedures a 24-hour 

ambulatory blood pressure monitor (ABPM) apparatus (Meditech CR120, Cardiotens; Meditech, 

Budapest, Hungary) was attached to the participants at 07:00, at the start of the school day. At 

16:30, participants were transported to the North-West University, where they were welcomed at 

the Metabolic Unit. Participants were notified of the procedures of the following day. The General 

Health Questionnaire were completed to capture data on age, sex, lifestyle factors, medication 

use (anti-inflammatory, anti-coagulation, and anti-hypertensive medication), as well as the PHQ-

9 to determine depressive symptoms. At 20:30, the participants received their last beverage and 

were requested to go to bed by 22:00. On day two, the 24-hour ABPM were removed. Thereafter, 

the participants received breakfast and were transported back to their place of work.  

3.2.4 Classification of depression 

The PHQ-9 was used to assess and monitor depressive symptoms severity. The questionnaire 

assesses nine items, each of which is scored 0-3 providing a severity score of 0 to 27. Minimal 

depression is indicated with a score of 0-4, mild depression is indicated with a score of 5-9, and 

moderate depression is indicated with a score of 10-14 (21). Kroenke et al. (2001) reported that 

a PHQ-9 cut-off point of ≥10 indicated the presence of depression that requires some form of 

intervention such as counselling and/or pharmacotherapy or combination of both (21). For our 

study, we therefore referred to individuals with a total PHQ-9 score of ≥10 as individuals with 

depression (i.ee., those with moderate to severe depressive symptoms) and those with a score 

below 10 as individuals without depression (i.e., those without or with minimal or mild depressive 

symptoms).  

3.2.5 Anthropometric measurements 

Height was measured with a stadiometer (Invicta stadiometer, IP, 1465, London, UK) to the 

nearest 0.1 cm and weight to the nearest 0.1 kg with a health scale (Precision Health Scale, A & 

D Company, Tokyo, Japan). The waist circumference was measured to the nearest 0.1 cm using 
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a non-stretchable flexible 7 mm wide metal tape (Holtain, Croswell, Wales). Body mass index 

(BMI) was calculated using the formula: weight/(height)2. Obesity is indicated according to the 

WHO guidelines, which indicates these obese individuals with a BMI ≥30 kg/m2. 

3.2.6 Cardiovascular measurements 

The 24-hour ABPM apparatus was attached to the participant’s non-dominant arm for 

approximately 24-hours. The monitor was programmed to inflate every 30 minutes during the day 

(08:00-22:00) and every 60 minutes during the night (22:00-06:00). The ABPM was removed the 

next day at 07:00. These measurements included systolic blood pressure (SBP), diastolic blood 

pressure (DBP), mean arterial pressure (MAP), pulse pressure (PP) and heart rate (HR). The 24-

hour ABPM data were downloaded onto a database with the help of the CardioVision 1.9.0 

addition software (Meditech, Budapest, Hungary). The European Society of Cardiology criteria for 

hypertension was used (average 24-hour SBP of ≥130 mmHg and/or DBP of ≥80 mmHg). Each 

participant’s MAP was calculated using the formula: diastolic blood pressure + ⅓ (systolic blood 

pressure – diastolic blood pressure).  

3.2.7 Carotid intima-media thickness 

The SonoSite Micromax Ultrasound System (SonoSite Inc., Bothell, WA, USA) was used together 

with a 6-13 MHz linear array transducer to obtain the CIMT from two different angles of the left 

and right arteries, as well as a 3-lead echocardiogram (ECG) for timing purposes. The images 

were digitized and imported into the Artery Measurement System automated software 

(Gothenburg, Sweden) for analyses of a segment was chosen for analyses. The program 

automatically identifies the border of the intima-media of the near and far wall. Also, the inner 

diameter of the vessels calculates the CIMT and diameter from around 100 discrete 

measurements through a 10 mm segment. For this study the far wall CIMT measurements were 

used.  

3.2.8 Biochemical analyses 

Fasting blood samples were obtained from the antebrachial vein branches of each participant’s 

dominant arm with a sterile winged infusion set, by a registered nurse. Blood samples were dealt 

with in accordance with a standardised protocol, and serum and plasma were frozen at -80°C 

until analysed in duplicate. Serum analyses of BDNF were done by Quantikine Colorometric 

Sandwich Immunoassay (R & D System, USA, Canada) with intra-assay precision between 3.9% 

and 4.1% and inter-assay coefficient of variations (CV) <7.6% and 11.3%. 

Ethylenediaminetetraacetate (EDTA) whole blood samples were used to analyse glycosylated 

haemoglobin (HbA1c) and sodium fluoride samples for fasting glucose determination. The 

percentage of HbA1c was determined by means of the Roche Integra® (Roche, Basil, 
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Switzerland) apparatus. Fasting blood glucose, total cholesterol (TC) and high-density lipoprotein 

(HDL) cholesterol was determined with a turbidimetric inhibition immunoassay and a 

homogeneous enzymatic colorometric assay, respectively (Integra 400 plus, Roche, Switzerland). 

High sensitivity C-reactive protein (CRP) and interleukin-6 (IL-6) was analysed with two-

sequential multiple analyses (Konelab 20i™, ThermoScientific Vantaa, Finland; Unicel DXC 800, 

Beckham and Coulter, Munich, Germany). Further, tumour necrosis factor-alpha (TNF-α) was 

measured via a Quantikine HS Elisa human serum TNF-α Immunoassay (HS ELISA, R & D 

System, Minneapolis, MN, USA). Low-density lipoprotein (LDL) cholesterol was calculated using 

the formula: LDL = TC – HDL cholesterol – (0.45 x triglycerides) (22). Gamma-glutamyl 

transferase (GGT), an indicator of alcohol abuse (23) and serum cotinine, an indicator of nicotine 

levels (24) was analysed with the enzyme rate method (Unicel DXC; Beckham and Coulter, 

Germany).  

3.2.9 Statistical analyses 

IBM® SPSS® version 28 (IBM Corporation, Armonk, New York) was used for database and 

statistical analyses. All variables were evaluated for normality (using QQ plots and inspection of 

skewness and kurtosis). Our study sample was divided into depressive and non-depressive black 

individuals according to the established cut-off point of the PHQ-9 scores. Means and proportions 

were presented by the geometric mean and the 25th and 75th percentile intervals, while 

dichotomous variables were reported as the total number of the population sample and 

percentages. Parameters that did not meet the criteria were logarithmically transformed for the 

regression analyses. We used single regression and partial correlations (adjusted for age, sex, 

24-hour MAP and waist circumference) to determine of a relationship exist between CIMT and 

BDNF. Multiple regression was used to determine if an independent association exist between 

BDNF and CIMT in the respective groups. The covariates included in the final model was age, 

sex, waist circumference, glucose, CRP, LDL cholesterol, MAP, and GGT. All P values refer to a 

two-sided hypothesis (25). 

3.3 Results 

The population sample of 193 Black participants included 86 (44%) individuals (mean age of 44 

years) with a depression score of ≥10, of which 52.3% were men (Table 3.1). No statistical 

differences were observed in body composition, cardiovascular- and biochemical measurements 

as well as medication use between the two reported groups.  
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TABLE 3.1. Characteristics of the study population stratified by Black individuals with and without 
depression 

 Individuals with 
depression 

N = 86 

Individuals without 
depression 

N = 107  

P 

Age, years 44 (38; 51) 44 (39; 51) 0.669 
Sex (men), N (%) 45 (52.3) 51 (47.7) 0.520 

    
Depression Severity     

PHQ-9 scores 13 (11; 17) 6 (4; 8) <0.001 

Minimal depression 0 (0) 42 (39.3) 
 

Mild depression 0 (0) 65 (60.7) 
 

Moderate depression 52 (60.5) 0 (0) 
 

Moderately severe depression 23 (26.7) 0 (0) 
 

Severe depression 11 (12.8) 0 (0) 
 

    

Anthropometry    

Waist circumference, (men), cm 93.00 (83.39; 103.67) 93.07 (83.80; 100.60) 0.152 
Waist circumference, (women), cm 99.73 (84.19; 105.40) 89.47 (80.47; 101.20) 0.152 

Body mass index, kg/m2 30.69 (25.76; 34.50) 29.30 (24.56; 33.76) 0.359 

Obese individuals, N (%) 46 (53.5) 48 (44.9) 0.233 

    

Cardiovascular variables    
CIMT mean, mm 0.68 (0.59; 0.77) 0.67 (0.60; 0.76) 0.913 

24-hour Systolic BP, mmHg 131 (121; 145) 131 (122; 144) 0.886 

24-hour Diastolic BP, mmHg 82 (75; 88) 82 (76; 91) 0.715 

24-hour Mean arterial pressure, mmHg 98 (91; 107) 99 (91; 108) 0.864 

Hypertensive individuals, N (%) 57 (66.3) 68 (63.6) 0.693 

    

Biochemical variables    

Brain derived neurotrophic factor, ng/ml 1.37 (0.85; 1.80) 1.33 (1.01; 1.80) 0.566 

Total cholesterol, mmol/l 4.41 (3.77; 5.51) 4.45 (3.72; 5.21) 0.381 

LDL-cholesterol, mmol/l 2.71 (2.08; 3.71) 2.80 (2.10; 3.42) 0.593 
Triglycerides, mmol/l 1.11 (0.76; 1.71) 1.08 (0.78; 1.56) 0.992 

Glucose, mmol/l 5.18 (4.74; 5.66) 5.28 (4.58; 5.84) 0.613 

C-reactive protein, mg/l 4.58 (1.97; 8.82) 5.10 (2.05; 12.77) 0.238 

Gamma-glutamyltransferase, U/l 44.88 (31.01; 84.20) 39.81 (26.72; 61.50) 0.077 

 
Medication use 

   

Anti-inflammatory, N (%) 5 (5.8) 11 (10.3) 0.263 
Anti-hypertension, N (%) 19 (22.1) 25 (23.4) 0.834 

Anti-depression, N (%) 1 (1.2) 0 (0) 0.263 

Aspirin and anti-coagulants, N (%) 2 (2.3) 4 (3.7) 0.426 
Data is reported as mean (25th and 75th percentile), or number of participants and (percentage). Only cotinine levels above or 
equal to 10 ng/ml are reported. BP, blood pressure; CIMT, carotid intima-media thickness; LDL, low-density lipoproteins; HDL, 
high-density lipoproteins; HbA1c, glycated haemoglobin; HIV, human immunodeficiency virus; BDNF, brain derived neurotrophic 
factor. 
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The single regression analyses indicated that an inverse relationship only exist between CIMT 

and BDNF in individuals without depressive symptoms (non-depressive: r=-0.214; p=0.026; 

depressive: r=-0.030; p=0.781) (Figure 3.1). When partial regression was performed controlling 

for age, sex, waist circumference and MAP the significant inverse relation between CIMT and 

BDNF (r=-0.231; p=0.019) remained in the group without depression.  
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Figure 3.1. Schematic representation of correlations between brain-derived neurotrophic factor 

and carotid intima-media thickness in individuals with and without depression. 

After performing multiple regression analyses (Table 3.2) adjusted for age, sex, waist 

circumference, glucose, CRP, LDL cholesterol, MAP and GGT, an independent inverse 

association was confirmed between CIMT and BDNF in individuals without depression (β=-0.19; 

p=0.026). Additional sensitivity analyses were performed in which the effect of additional 

covariates such as hypertensive medication was tested. These covariates did not influence the 

main outcomes of the multiple regression models.  
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TABLE 3.2. Associations between brain-derived neurotrophic factor and carotid intima-media thickness in 
individuals with and without depression 

 Without depression 
(N=107) 

P With depression 
(N=86) 

p 

Adjusted R2 0.487  0.310  

 β (±95% CI) P β (±95% CI) p 

Brain-derived neurotrophic factor, ng/ml -0.19 (-0.35; -0.02) 0.026 -0.04 (-0.24; 0.16) 0.668 
Age, years 0.46 (0.29; 0.62) <0.001 0.40 (0.18; 0.61) <0.001 
Sex, women 0.10 (-0.10; 0.29) 0.321 -0.11 (-0.37; 0.15) 0.397 
Waist circumference, mm -0.01 (-0.18; 0.17) 0.940 0.02 (-0.25; 0.30) 0.864 
Glucose, mmol/l 0.21 (0.05; 0.37) 0.012 0.13 (-0.09; 0.35) 0.254 
C-reactive protein, mg/l 0.13 (-0.06; 0.32) 0.168 -0.06 (-0.31; 0.19) 0.638 
LDL-cholesterol, mmol/l 0.14 (-0.01; 0.29) 0.063 0.18 (-0.04; 0.39) 0.105 
Mean arterial pressure, mmHg 0.14 (-0.03; 0.31) 0.112 0.15 (-0.11; 0.40) 0.254 
Gamma-glutamyltransferase, U/l -0.10 (-0.25; 0.05) 0.190 -0.01 (-0.24; 0.22) 0.946 

Abbreviations: CI, confidence interval; LDL, low-density lipoprotein. 

 
3.4 Discussion 

We aimed to compare BDNF and CIMT and investigated the relationship between these factors 

in Black individuals with and without depression. Overall, our groups with and without depression 

showed no significant differences in their CV health profiles, including BDNF in individuals without 

depression. A higher level of BDNF was associated with lower CIMT, further indicating BDNF’s 

role in maintaining vascular health.  

The neurotrophic factor, BDNF has been a subject of interest over the past decade, especially in 

the development of CVD and has a possible cardio-protective agent on the CV system (26). Lower 

BDNF levels have also been associated with an array of psychiatric disorders, including 

depression (27). The association of BDNF and atherosclerotic CVD is one of the main focuses in 

research (14, 28). Also, low BDNF levels have been detected in atherosclerosis and related to 

endothelial function suggesting BDNF’s protective role to prevent further vascular injury (12, 29, 

30) . We were unable to replicate earlier findings that depression severity is accompanied by 

lower levels of BDNF (31, 32). In fact, we did not observe lower levels of BDNF or larger CIMT 

measurements in the depression group. A possible explanation for these results may be that our 

study-sample were grouped according to depressive symptoms and not a clinically diagnosis of 

major depressive disorder, as was the case in the studies that did show an association (12, 33). 

Furthermore, during recruitment for the SABPA study, individuals receiving treatment for 

psychotropic substances were excluded thereby eliminating individuals with clinical depression. 

No differences were observed between the groups with and without depression, however, we did 

observe an inverse association between BDNF and CIMT individuals without depression. This 

could indicate that BDNF have a protective role in the vascular structure in the absence of 

moderately to severe depressive symptoms. This neurotrophic hypothesis proposed that BDNF 
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levels are significantly lower in individuals with major depressive disorder (34). As previously 

reported, higher levels of BDNF are associated with cardio-protective effects on the vascular 

system (29, 30). Brain-derived neurotrophic factor and its receptor, tyrosine kinase B (TrkB) are 

synthesized in many non-neuronal tissues and cell types, which include endothelial cells, vascular 

smooth muscle cells, and atherosclerotic vessels (35). BDNF/TrkB has been found to be 

expressed in endothelial cells. The activation of TrkB has been associated with the regulation of 

vascular permeability and play a significant role in maintaining endothelial barrier integrity and 

promoting smooth muscle cell activity (36). Jiang et al. (2015) reported that TrkB activation 

promotes the synthesis of vascular endothelial cadherin, a molecule that plays a crucial role in 

the formation of endothelial cells in blood vessels (35, 37). Activation of TrkB promotes endothelial 

cell survival, proliferation, and angiogenesis, whereas vascular endothelial cadherin also plays 

an integral part of regulating endothelial cell proliferation (35, 37). Hereby, the upregulation of 

BDNF/TrkB plays a protective role in the macrovasculature, leading to decreased risk for CV 

system atherosclerosis (38). Further research is however needed in our population to explain the 

differences between CIMT and BDNF in our population groups. Therefore, we recommended that 

future studies consider additional variables such as haemostasis, redox system markers, or 

sympathetic activity markers which include heart rate variability, which has been shown to 

influence BDNF and CIMT (17, 39-42). 

The strengths and limitations of this study should be considered when interpreting results. The 

strengths of this study include that groups were divided into individuals with and without 

depression using their PHQ-9 scores, whereas the PHQ-9 is considered as the national and 

international gold standard measurements tool for depression (6). Despite the small sample size 

at least 55 individuals were required per group. This is a well-designed study being based on 

cross-sectional data, and we could not determine changes in CIMT and BDNF or analyse the 

cause-and-effect in individuals with depression. When examining the potential effects of 

depression, it is important that our groups were not clinically diagnosed with depressive disorder, 

but only experience depressive symptoms. This can be seen as a limitation as studies that did 

find associations, reported in individuals suffering from major depressive disorder. Further, the 

sample population included a small sample size of teachers living in the North West Province 

from the Dr Kenneth Kaunda Education district; therefore, these results cannot be applied to the 

whole of South Africa.  

3.5 Conclusion 

Our groups with and without depression showed no significant differences in their health profiles. 

An independent relationship that possibly indicates BDNF’s role in maintaining vascular health 

was reported in individuals with depression are affected but requires further investigation.  
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4. Introduction 

The closing chapter for this study serves as a culmination of work, summarizing the main findings, 

conclusions, and the implications of the study. This chapter reflects on the significance of the 

work, highlighting its contributors to the field, and suggests avenues for future research. 

4.1 Summary of the main findings integrated with acceptance or rejection of hypotheses. 

The main aim of the study was to investigate differences in brain-derived neurotrophic factor 

(BDNF) levels as well as markers of vascular remodeling and -function, which included carotid 

intima-media thickness (CIMT) and pulse wave velocity (PWV) individuals with and without 

depression, and whether relationships between these markers exist in each group.  

Our first objective was to compare BDNF, CIMT and PWV between individuals with and without 

depression. We hypothesized that individuals with depression will exhibit lower BDNF levels, and 

higher CIMT and PWV measures, compared to individuals without depression. 

As previously reported, clinical depression is a mental disorder which is characterized by 

persistently depressed mood or loss of interest in daily activities, causing significant impairment 

in daily life activities (1). A suggested link between depression and BDNF has been identified, 

where it indicates that individuals with depression may have significantly lower levels of BDNF in 

their brains and blood compared to healthy individuals (2). Emerging research suggests that 

BDNF may have implications beyond mental health disorders, which includes BDNF’s potential 

involvement in cardiovascular disease (CVD) (3, 4). Disturbances in lower BDNF levels is also 

linked to cardiovascular (CV) risk factors which include increased lipid levels, elderly age, male 

sex, smoking, diabetes mellitus and physical inactivity (5). All the above leads to an understanding 

that BDNF and its receptor, tyrosine kinase B (TrkB) are expressed in the CV system (6). During 

the investigation of BNDF, it has been identified that lower levels of BDNF is associated with 

endothelial dysfunction, the initial stages of atherosclerosis (7, 8). Over time, increased plaque 

build-up leads to hardening of the arterial wall, which reduces the ability of the arterial wall to 

expand and contract in response in physiological changes, resulting in the loss of elasticity (9), 

hereby increasing arterial stiffness (10). 

We did not observe lower BDNF or higher CIMT and PWV measures in individuals with 

depression, hereby, we rejected this hypothesis. Since we were unable to replicate earlier findings 

suggesting that higher depressive symptoms are accompanied by lower levels of BDNF (11, 12). 

This might be due to our grouping criteria and the fact that our population sample was not clinically 

diagnosed with major depressive disorder, compared to other studies that reported on clinically 

depressed individuals. According to the Diagnostic Statistical Manual (DSM) criteria, individuals 

should experience depressive symptoms every day, all day, for at least two week, before 
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individuals are diagnosed with depression (13). Our study populations’ depressive symptoms 

were determined using the Patient Health Questionnaire-9 (PHQ-9). It is important to note that 

the PHQ-9 is not a diagnostic tool but rather a screening instrument. A health care professional 

should evaluate the results and make a diagnosis based on a comprehensive assessment of the 

individual’s symptoms and functioning. Previous research has examined individuals with chronic 

major depressive disorder, as well as individuals being treated (14), whereas less than one 

percent of our study population received treatment. 

We further speculate that our population has not yet been diagnosed with atherosclerosis since 

our mean CIMT was 0.68 mm, whereas studies have reported that CIMT should be higher than 

0.90 mm, before a patient can be diagnosed with atherosclerosis (15). Through this observation, 

it can be speculated that most individuals in our study still have good vascular health. The 

absence of any significant results with PWV in our study could be explained due to no clinical 

remodeling in the Sympathetic activity and Ambulatory Blood Pressure in South Africans (SABPA) 

cohort with regards to CIMT and PWV. It has been reported that arterial thickness leads to arterial 

stiffness by increasing the deposition of collagen in the arterial wall, which reduces the arterial 

wall to expand and contract in response to several physiological changes resulting in the loss of 

elasticity (16). We did not report any remarkable results on CIMT, and the above-mentioned 

information could be a possible explanation that we did not find any results when analyzing PWV 

in individuals with depression. 

Our second objective was to investigate if independent associations exist between BDNF, CIMT, 

and PWV in individuals with and without depression. We hypothesized that an inverse 

independent association will be present between BDNF, CIMT and PWV in individuals with 

depression, but not in individuals without depression.  

Studies has shown that BDNF may play a cardio-protective effects in maintaining endothelial 

barrier integrity and further promotes the survival of vascular smooth muscle cells, 

cardiomyocytes, endothelial cells and atherosclerotic vessels (17). Brain-derived neurotrophic 

factor is synthesized and packed in alpha granules of megakaryocytes, the platelet precursor 

(18). Brain-derived neurotrophic factor attached to platelets, circulate in the blood stream and 

upon injury, BDNF is released, which results into high concentrations of BDNF to the injured 

vessels (19). Brain-derived neurotrophic factor’s receptor, TrkB may also have a significant role 

in the cardiovascular system (20). Cardiac endothelial cells in atherosclerotic lesions in humans 

express TrkB receptors, whereas a decrease in TrkB activity leads to vascular leakage (17). 

Another pathway for regulating endothelial cell include that TrkB is necessary for the regulation 

of vascular cadherin expression, a molecule responsible for cell proliferation and apoptosis (19). 

It is reasonable that increased TrkB activity protects against CV atherosclerosis, playing a cardio-



  

66 

protective role against the development of atherosclerosis, whereas it also decreases the risk for 

CVD. The significant results between BDNF and CIMT in individuals without depression and the 

absence thereof in individuals with depression may infer that BDNF’s beneficial role in maintaining 

vascular health in individuals with depression are affected. Hereby, we rejected the hypothesis.  

The absence of results with PWV may be due to differences observed in accordance with previous 

studies and this Masters study. Previous studies that reported significance had the following 

contributing factors: 

- Moh et al. (2011) reported in individuals (mean age of 64 years) with no-aortic stiffness 

(n=697) and aortic stiffness (n=261); they found that depressive symptoms correlated with 

PWV, leading to the conclusion that depressive symptoms are associated with PWV in 

individuals already diagnosed with aortic stiffness (21). 

- Wu et al. (2018) compiled data from 38 full articles and meta-analyzed availability of data 

involving individuals with depressive symptoms (n=5947) and individuals without 

depression (n=34.423) provide evidence on the effects of depressive symptoms on arterial 

structure and – function. They reported that depressive symptoms were consistently 

associated with more advanced function and structural vascular abnormalities 

characterized by thicker CIMT and higher PWV in individuals with depression (22). 

The above-mentioned studies all reported in individuals at risk for CVD, contradicting our current 

study. The SABPA cohort mostly consists of individuals with good vascular health as well as 

individuals without major depressive disorder. These previously reported studies showed that 

arterial stiffness was more strongly associated with major depressive disorder than with 

depressive symptoms; this could be attributed to the misclassification of depressive symptoms as 

major depressive disorder by the PHQ-9. 

It is also possible that there are no differences within the healthy SABPA population for the 

variables tested; however, several mechanisms could explain the relationship between 

depression and subclinical atherosclerosis. Wu et al. (2018) reported on the two major pathways 

known as the hypothalamic-pituitary-adrenal (HPA) axis activity and the sympathetic nervous 

system (SNS). Depression leads to the activation of both systems, first the SNS then the HPA 

axis activity; hereafter, various hormones such as catecholamines, corticosteroids, glucagon and 

growth hormones are released. All these hormones play a crucial role in early progression and 

complications of atherosclerosis (22). We recommended that future studies consider these 

additional variables, which has shown to influence BDNF, CIMT and PWV in individuals with 

depression (22). 
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4.2 Limitations 

When interpreting these results, it is imperative to reflect on the factors that could have affected 

the results in this study. Due to the cross-sectional design, it prevents the identification of 

physiological cause-and-effects. Since our population only included a small sample size of 

(n=193) of Black teachers living in the North West Province, from the Dr Kenneth Kaunda district, 

the results cannot be generalized to the whole of South Africa. We reported only in Black teachers, 

based on previous findings in the Sympathetic activity and Ambulatory Blood Pressure in Africans 

(SABPA) cohort (23-25), but it has its limitations. In this study, we divided our groups according 

to depressive symptoms severity, hereby, our sample population have not yet been diagnosed 

with major depressive disorder. In addition, in this study we used the carotid-dorsalis pedis PWV. 

The carotid-dorsalis pedis PWV is measured between the carotid artery and the dorsalis pedis. 

However, the carotid femoral PWV is the current fold standard to assess aortic stiffness (26), as 

it is easy to use and has the best predictive value for CV events (27). 

4.3 The element of chance 

The element of chance should always be considered when interpreting the results from this study; 

this study was well-designed and was conducted under strict protocols. The study population was 

also selected from similar socio-economic backgrounds, also, a power analyses indicated that 

although we have a small population sample. All associations demonstrate that the study was 

genuine, significant and were investigated from a physiological perspective. A complete 

understanding of all mechanisms is crucial when interpreting the associations found during this 

research study. 

We limited the possibility of chance by adjusting for several CV contributing factors. These 

covariates were included based on the literature and bivariate correlations and adjusted for age, 

sex, waist circumference, glucose, C-reactive protein (CRP), low-density lipoprotein (LDL) 

cholesterol, mean arterial pressure (MAP), and gamma-glutamyl transferase (GGT).  

4.4 Recommendations  

The importance of research in health sciences is to educate and inform most of the South African 

citizens about risk factors, treatment and public intervention and the use of the primary care 

centers and costs contributing to a living healthy lifestyle (28). The researchers will discuss 

recommendations for future recommendations for future research as well as for the public. Clinical 

studies of post-mortem teenage suicide victims reported on the significant decrease in 

BDNF/TrkB concentrations in the prefrontal cortex (29, 30). The financial burden on a country is 

influenced by suicide, the following monetary values have been reported in neighboring countries 

such as Mozambique with 42,397,600, Zambia with 32,396,104, Botswana with 56,953,746, 
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Namibia with 39,403,474, and South Africa has the largest amount of 1,260,115,686 international 

US dollars reported in 2019 (31). Companies suffer when individuals with depression have 

suicidal thoughts and suicide itself, due to the money that is spent during recruitment of other 

employees, therefore, it impacts the business directly as well as their families (32).  

Recommendation for further studies 

Considering our results, we found together with several other researchers that BDNF plays a 

crucial role in the development and protection of the CV system (2). Since our study was 

performed in a small group of Black teachers, we recommended that larger population samples 

diagnosed with major depressive disorder, to study the impact of depression, BDNF, and CVD. 

Different types or forms of BDNF have been identified and included proBDNF, mature BDNF and 

precursor BDNF (33, 34). It is advised to rather analyze mature BDNF, an active form of the 

protein. Researchers have reported on the role of mature BDNF in depression, by measuring 

BDNF levels in various brain regions or examination of BDNF with regards to depressive 

symptoms (35). Also, different variables have been known to interact with BDNF, since BDNF has 

various effects on the human body. It is also recommended that future studies document 

individuals who have been diagnosed with major depressive disorder, as diagnosed by 

psychologists and psychiatrists. Individuals with major depressive disorder experience higher 

severity of depressive symptoms compared to those with subclinical symptoms. This will allow 

researchers to investigate more pronounced cardiovascular changes and associations, providing 

a clearer picture of the impact of depression on biological factors like BDNF and CVD. To report 

significance in PWV it is recommended that the international gold standard, the carotid femoral 

PWV are used to assess arterial stiffness, as it is easy to use and has the best predictive value 

for CV events (26, 27). 

Recommendation for the public 

Depression has received significant attention in the past few years as an independent risk factor 

for CVD. One of the mechanisms linking depression to CVD is the hypothalamic-pituitary-adrenal 

(HPA) axis activity, and neurotrophic factors amongst others. Studies indicated that black 

individuals suffering from depression might be predisposed to alterations in the HPA axis activity 

(36). Stress induced hyperactivity of the HPA axis activity, together with an increase in 

glucocorticoids, reduces the expression of the neurotrophic factor, BDNF (37). Brain-derived 

neurotrophic factor plays a crucial role in the development of the CV system, where it activates 

TrkB receptors leading to the survival of endothelial cells and formation of cardiac vasculature 

(38). Brain-derived neurotrophic factor also has a positive relationship with regards to high-density 

lipoprotein (HDL) cholesterol and platelet count (39, 40), where it has been found to play a cardio-

protective role in the CV system. 
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To increase BDNF will have positive effects on mental health as well as CV health, hereby, higher 

levels of BDNF will be observed during the following lifestyle changes: 

- Exercise: Exercise such as swimming, cycling, and yoga has shown to effect the 

circulating BDNF levels (41), when exercising there is a consistently increase in BDNF 

levels in platelets as well as in serum BDNF levels in the hypothalamus, striatum and other 

cortical areas (42). 

- Deep sleep: Your body is known to release high levels of BDNF during the deeper stages 

of sleep. Sleep mediates the plasticity-related changes and when sleep deprived, it could 

be linked to lower BDNF levels and depression (43). 

- Meditation: Chronic stress and depression are known to decrease BDNF, however, 

during meditation there is a significant increase in BDNF levels, specifically in the brain 

regions responsible for memory, emotional control, happiness and attention (41). 

- Sunlight: Exposure to sunlight also leads to an increase in BDNF; according to Molendijk 

et al. (2011) reported that BDNF concentration is significantly higher in spring-summer 

periods than in autumn-winter periods (44) 

4.5 Reflection of the researcher  

Childhood remarks towards my mother at the age of 6 months. “She has to be active for at least 

two hours a day, together with a good night’s rest to functioning normal without several panic 

attacks.” Throughout this study, I obtained an abundance amount of knowledge and insight into 

psychiatric disorders such as anxiety and depression. As a person suffering from severe anxiety, 

it was important to obtain a healthy lifestyle, which includes habits such as sleeping, exercising 

and eating healthy. Habits had to change, not saying no to chemical treatment, but rather have 

reduced treatment together with a healthier lifestyle.  

“This will be my message to anyone suffering from psychiatric conditions such as anxiety and 

depression.” 

4.6 Conclusion  

Although no significant differences were found between individuals with and without depression, 

there is a strong possibility that BDNF might play an important role in the vascular system. Brain-

derived neurotrophic factor has been found to play a cardio-protective role in the CV system of 

individuals without depression. However, the absence of these results in individuals with 

depression may infer that BDNF’s role in maintaining vascular health in individuals with 

depression are affected but requires further investigation. The research was evaluated, 

shortcomings were identified, and the researchers conclude with a reflection on the study.  
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Appendix B – Schematic representation of the different parts of the carotid artery during the analyses of the carotid intima-media 
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Contribution of pulse wave velocity: 

 

 

 

SUPPLEMENTARY TABLE 1. Characteristics of the study population stratified by black individuals with and without 
depressive symptoms. 

 Depressive individuals 
N = 86 

Non-depressive 
individuals 

N = 107  

P 

Age, years 44 (38; 51) 44 (39; 51) 0.669 
Sex (men), N (%) 45 (52.3) 51 (47.7) 0.520 
    
Depression Severity     
PHQ-9 scores 13 (11; 17) 6 (4; 8) <0.001 
Minimal depression 0 (0) 42 (39.3) 

 

Mild depression 0 (0) 65 (60.7) 
 

Moderate depression 52 (60.5) 0 (0) 
 

Moderately severe depression 23 (26.7) 0 (0) 
 

Severe depression 11 (12.8) 0 (0) 
 

    
Anthropometry    
Waist circumference, (men), cm 93.00 (83.39; 103.67) 93.07 (83.80; 100.60) 0.152 
Waist circumference, (women), cm 99.73 (84.19; 105.40) 89.47 (80.47; 101.20) 0.152 
Body mass index, kg/m2 30.69 (25.76; 34.50) 29.30 (24.56; 33.76) 0.359 
Obese individuals, N (%) 46 (53.5) 48 (44.9) 0.233 
    
Cardiovascular variables    
CIMT mean, mm 0.68 (0.59; 0.77) 0.67 (0.60; 0.76) 0.913 
Pulse wave velocity, m/s 8.70 (7.50; 9.65) 8.50 (7.40; 9.60) 0.670 
24-hour Systolic BP, mmHg 131 (121; 145) 131 (122; 144) 0.886 
24-hour Diastolic BP, mmHg 82 (75; 88) 82 (76; 91) 0.715 
24-hour Mean arterial pressure, mmHg 98 (91; 107) 99 (91; 108) 0.864 
Hypertensive individuals (≥130/80 mmHg), N (%) 57 (66.3) 68 (63.6) 0.693 
    
Biochemical variables    
Brain derived neurotrophic factor, ng/ml 1.37 (0.85; 1.80) 1.33 (1.01; 1.80) 0.566 
Total cholesterol, mmol/l 4.41 (3.77; 5.51) 4.45 (3.72; 5.21) 0.381 
LDL-cholesterol, mmol/l 2.71 (2.08; 3.71) 2.80 (2.10; 3.42) 0.593 
Triglycerides, mmol/l 1.11 (0.76; 1.71) 1.08 (0.78; 1.56) 0.992 
Glucose, mmol/l 5.18 (4.74; 5.66) 5.28 (4.58; 5.84) 0.613 
C-reactive protein, mg/l 4.58 (1.97; 8.82) 5.10 (2.05; 12.77) 0.238 
Gamma-glutamyltransferase, U/l 44.88 (31.01; 84.20) 39.81 (26.72; 61.50) 0.077 
 
Medication use 

   

Anti-inflammatory, N (%) 5 (5.8) 11 (10.3) 0.263 
Anti-hypertension, N (%) 19 (22.1) 25 (23.4) 0.834 
Anti-depression, N (%) 1 (1.2) 0 (0) 0.263 
Aspirin and anti-coagulants, N (%) 2 (2.3) 4 (3.7) 0.426 
Data are reported as median (25th and 75th percentile), or number of participants and (percentage). Only cotinine levels above 
or equal to 10 ng/ml are reported. BP, blood pressure; CIMT, carotid intima-media thickness; LDL, low-density lipoproteins; 
HDL, high-density lipoproteins; HbA1c, glycated haemoglobin; HIV, human immunodeficiency virus; BDNF, brain derived 
neurotrophic factor. 
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Supplementary table 2. Single and partial correlations between brain derived neurotrophic factor, carotid intima 

media thickness, and pulse wave velocity  

 Carotid intima media thickness Pulse wave velocity 

 Absence of 

depression 

(N= 107) 

Presence of 

depression 

(N=86) 

Absence of 

depression 

(N=107) 

Presence of 

depression 

(N=86) 

Single correlations 

BDNF, ng/ml r= -0.214 p= 0.027 r= -0.030 p= 0.781 r= -0.140 p= 0.150 r= 0.055 p= 0.614 

Partial correlations (adjusted for age, sex, waist circumference, and mean arterial pressure) 

BDNF, ng/ml r= -0.231 p= 0.019 r= -0.077 p= 0.491  r= -0.110 p= 0.271 r= 0.063 p= 0.574 

BDNF, brain-derived neurotrophic factor 

         

Supplementary Table 3. Residuals statistics between brain-derived neurotrophic factor and carotid 
intima-media thickness, stratified by black individuals with and without depression. 

Individuals without depression (n=107) 

 Minimum Maximum Mean Std Deviation 

Predicted Value -1.38 2.23 -0.001 0.70 

Residual -1.64 1.95 -0.014 0.70 

Std Predicted Value -1.98 3.19 -0.001 1.01 

Std Residual -2.20 2.60 -0.019 0.94 

Individuals with depression (n=86) 

Predicted Value -1.33 1.78 -0.003 0.56 

Residual -3.03 2.34 -0.009 0.83 

Std Predicted Value -2.40 3.20 -0.006 1.01 

Std Residual -3.44 2.66 -0.010 0.95 
Std, standard; BDNF, brain-derived neurotrophic factor; CIMT, carotid intima-media thickness. 

 


