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ABSTRACT 
 

Aim and background: COVID-19 is a disease caused by SARS-CoV-2 that is 

characterised by ARDS and hyperinflammation. The lungs are the primary organs 

affected and this results in difficulty breathing. Invasion of cells induces cell apoptosis, 

and can lead to haemolysis, thereby altering the transport of gases. Individuals with 

obesity, diabetes, and hypertension have compromised innate immune systems, 

which is characterised by low-grade chronic inflammation that might aggravate the 

inflammation caused by COVID-19. This puts them at increased risk of severe 

infection and complications. COVID-19 symptoms can persist a few months after the 

viral load has decreased. There is an 80% prevalence of individuals having long-

COVID. Therefore, the aim of this study was to investigate the effects of post COVID-

19 on the oxygen-carrying capacity in these adults. 

Method: This was a case-COVID-19 naïve cross-sectional study that included an 

COVID-19 positive (n=28) and a COVID-19 naïve group (n=196) with all participants 

older than18 years. Questionnaires were administered to acquire participant details. 

The oxygen carrying capacity (haemoglobin and haematocrit), and variables of 

COVID-19 risk factors such as blood glucose (BG), blood pressure (BP), and body 

mass index (BMI) were measured. Furthermore, a food frequency assessment was 

done to determine the daily intake of nutrients such as iron, folic acid, and vitamin B12). 

Results Males who had COVID-19 presented with significantly higher BG levels than 

those who never had COVID-19 (p=0,003). Males who had COVID-19 also presented 

with significantly high DBP (p=0,023), as well as significantly high HR (p=0,021). 

Obesity has a 47,6% prevalence in females who had COVID-19. Iron and folic acid 

intake was below the recommended daily allowance (RDA); however, that of vitamin 

B12 exceeded the RDA. The participants consumed less than the RDA iron and folic 

acid but consumed more than the RDA vitamin B12. 

Conclusion: Comorbidities decrease oxygen-carrying capacity in individuals who had 

COVID-19. Most comorbidities are more prevalent in males than females There was 

deficiency of iron and folic acid caused by participants not consuming RDA. 
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1. CHAPTER 1: BACKGROUND AND RATIONALE 
 

1.1. Introduction  
 

Chapter 1 focuses on introducing the dissertation and detailing the aim and the 

objectives of the research study. This chapter also provides a brief background on the 

research topic, as well as identifying the gaps in the knowledge on the topic. 

 

1.2. Background 
 

Coronavirus Disease 2019 (COVID-19) can be defined as an infectious disease that 

causes severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) (WHO, 

2022). This variant of the virus was discovered late December 2019 in Wuhan, China 

and globally more than 600 million fatalities due to COVID-19 infections have been 

reported (WHO, 2022). It has spread worldwide at an unprecedented rate, resulting in 

moderate to severe infections that lead to hospitalisation and extreme fatality rates 

(Cascella et al., 2023). The virus and disease were the cause of over-burdened health-

care systems around the world and have had a negative impact on socio-economic 

activities (Arévalos et al., 2021).  

 

Since its discovery and the devastation of this virus, scientists have been working 

tirelessly to find solutions to reduce the spread. Clinically, COVID-19 can be 

asymptomatic, but it can also have life-threatening effects and it is confirmed by testing 

specimen acquired through swabbing the nose and/or mouth (Kaeuffer et al., 2020). 

The most reported symptoms are fever, respiratory distress, and flu-like symptoms 

(Jarrott et al., 2022). The primary entry of the virus, into the body, is via the respiratory 

system. This has caused some patients to develop acute respiratory distress 

syndrome (ARDS) and require mechanical ventilation to facilitate respiration 

(Sadhukhan et al., 2020). Some of the risk factors that are associated with increased 

severity of the infection include chronic obstructive pulmonary diseases, diabetes, 

obesity, cardiovascular diseases, and sickle cell disease (Alberca et al., 2021: Lopez-

Leon et al., 2021).  
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Recovery from COVID-19 is possible, but there is a risk of reinfection (Ren et al., 

2022). There have been reports of several ongoing or persistent symptoms after 

“recovery”, and it is now clinically referred to as “long-COVID”, “long hauler”, “post 

COVID syndrome” or just “post-COVID” (Pasini et al., 2021). Post-COVID syndrome 

is the term that will be used in this dissertation.  

 

1.3. Problem statement  
 

COVID-19 is a global burden to the health-care system, economy, and social life 

(Pasini et al., 2021). ARDS causes low blood oxygen which then causes shortness of 

breath and inability to breathe without support (Sadhukhan et al., 2020). This condition 

requires patients to be hospitalised and be administered invasive mechanical 

ventilation (Mattay et al., 2019). The SARS-CoV-2 virus interacts with haemoglobin 

(Hb) molecular receptors and, attacks the haeme group on the Hb 1-beta chain that 

culminates in erythrocyte lysis (Cavezzi et al., 2020). This can lead to an abnormal 

oxygen carrying capacity due to an abnormal erythrocyte count and Hb concentration, 

which may cause patients to develop severe hypoxia (Alayash, 2021). Some COVID-

19 patients do recover, but approximately 80% of the patients report ongoing or 

persistent symptoms after testing negative with the most common reported symptoms 

being cough, fatigue and headaches which are some of the symptoms presented by 

patients with decreased blood oxygen (Lopez-Leon et al., 2021).  This implies that the 

damage caused by the virus and its complications were severe enough to have long 

lasting effects, and with the possibility of more effects developing. There is a lack of 

substantial information on the possible longevity of the symptoms, their management 

and treatment. 

 

1.3.1. Aim  
 

The aim of the study was to investigate the oxygen carrying capacity of adults in the 

Mankweng area, Limpopo province, South Africa post COVID-19 infection. 

 

1.3.2. Objectives  
 

The objectives of this study were to: 
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i. assess factors associated with oxygen-carrying capacity such as Hb 

concentration and haematocrit (Hct) percentage. 

ii. evaluate data on risk factors for COVID-19 such as blood glucose (BG), blood 

pressure (BP) and Body Mass Index (BMI) to assess risk of infection. 

iii. assess dietary intake of nutrients such as iron, folic acid, and vitamin B12 

concentration to rule out anaemia as a confounding factor. 

 

1.3.3. Research questions 
 

i. What is the prevalence of impaired oxygen carrying capacity in post-COVID-19 

patients? 

ii. What effect does post-COVID-19 have on Hb, Hct, BMI, BP and BG? 

iii. What effect does post-COVID-19 have on iron, folic acid, and vitamin B12 

concentration? 
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2. CHAPTER 2: LITERATURE REVIEW 
 

2.1. Introduction 
 

Chapter 2 focuses on the information found in the scientific literature. This includes 

the history of the topic and current knowledge. This chapter is divided into sections 

related to the objectives of the study, with the exception of 2.2 and 2.3 that is devoted 

to a historical reflection on the virus. 

 

Since the beginning of the coronavirus pandemic in 2019, there have also been many 

recoveries from SARS-CoV-2 infection (Pasini et al., 2021). Unfortunately, some of 

the recovered patients report persistent symptoms, such as fatigue and headache, 

and organ dysfunction, such as liver and kidney failure which forms part of symptoms 

exhibited by some patients (Lopez-Leon et al., 2021). The purpose of this study is to 

investigate the influence on oxygen carrying capacity, and why some patients 

experience persistent symptoms after testing negative. This was achieved by first 

looking at the origin and pathology of SARS-CoV-2, followed by the factors associated 

with oxygen carrying capacity. Then lastly the comorbidities that might make 

individuals susceptible to the virus, and conditions that are caused by the virus, 

especially anaemia (Mohammad et al., 2021). 

 

2.2. Origin of coronaviruses 
 

Coronaviruses (CoVs) date back to the 1960s, but a new SARS outbreak occurred in 

2002 to 2003 in Guangdong, China, and spread to approximately 29 countries, 

reported 8089 infections and 774 fatalities (Kahn and McIntosh, 2005; Memish et al., 

2020). In 2012, another outbreak called Middle Eastern respiratory syndrome-

coronavirus (MERS-CoV) occurred in Saudi Arabia (Azhar et al., 2019). This was 

discovered in a patient who developed pneumonia and renal failure, which later 

caused his death (Yang et al., 2020). The outbreak of 2019 is by far the most 

devastating CoV outbreak and thus the most publicised. These outbreaks may be 

related to other viruses with similar genetics that are found in bats and were speculated 

to have the largest number of CoV species (Chowdhury and Anwar, 2020). Other 

studies, such as the one by Hernandez-Aguilar et al. (2021), negates this theory with 
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the speculation that the CoVs could be transmitted to humans through other 

intermediate hosts such as domestic and wild animals; therefore, the virus might have 

a zoonotic origin. 

 

After the 2002 outbreak, CoVs such as severe acute respiratory syndrome-like-

coronavirus (SARS-like-CoV) were discovered in Rhinolophus bats from several 

Chinese provinces, and they initially lacked the capability to use the angiotensin-

converting enzyme-2 (ACE2) receptors to infect humans (Morens et al., 2020; Platto 

et al., 2021). In 2013 another outbreak of SARS-like-CoV was found in a single colony 

of Rhinolophus bats in the Chinese province of Yunnan and some had the ability to 

infect host cells using ACE2 receptors, and were 95% identical to the SARS-CoV, 

showing that the virus might have evolved from the one found in 2002 (Morens et al. 

2020). Platto et al. (2021) postulate that the spread of the virus leading to the pandemic 

began, or was aggravated, with the spread of flu in China that resulted in 

approximately 270 deaths at the beginning of 2019 and continued until it spread to 

other provinces, then countries, and finally the rest of the world. 
 

Scientifically, CoVs are being classified by the type of organism, their characteristics, 

and properties. CoVs belong to the subfamily Orthocoronavirinae in the family 

Coronaviridae and the order Nidovirales (Khan et al., 2021). CoVs have a large 

ribonucleic acid (RNA) genome of about 26–32 kilobases in size that codes for four 

structural proteins (S, M, N, and E) and sixteen non-structural proteins (Platto et al., 

2021). The envelope and membrane that coat the virus are formed by the E and M 

structural proteins, the N protein binds the RNA genome, and the S protein forms the 

characteristic protrusions from the surface of the virus which interacts with the plasma 

membrane receptor of the target cell and penetrates the cell (Platto et al., 2021). The 

expanded size of the CoVs genome may be associated with increased replication 

fidelity (Wang et al., 2020). Its size facilitates the acquisition of genes that encode 

accessory proteins that promote the survival and adaptation in the specific host cell, 

thus supports the emergence of several variants of the virus (Fan et al., 2019). 

 

2.3. Pathology of coronaviruses 
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SARS-CoV-2 is spread directly by droplets of saliva and human-to-human 

transmission, and indirectly by contaminated objects and airborne contagion (Rauf et 

al., 2020). The transmission through respiratory droplets, expelled by coughing or 

sneezing, is achieved when an individual takes up aerosols through the mouth, nose, 

or eyes (Lotfi et al., 2020). The droplets are unable to travel more than two metres, 

consequently, they are airborne for a short period of time (Lotfi et al., 2020). The virus 

affects the respiratory system the most and causes respiratory illnesses, thus the 

name severe acute respiratory syndrome-coronavirus-2 (Alberca et al., 2021). Once 

the virus has entered the body it can cause moderate to severe organ damage and 

induce the systemic disease, COVID-19 (Desai et al., 2022). 

 

CoVs are RNA viruses and SARS-CoV-2 is the most infectious CoV documented. The 

virus depends on its receptor binding property and was found to be more compatible 

with the human ACE2 receptor when their protein sequences were compared. As 

such, it uses the ACE2 receptor to enter the host cell (Khan et al., 2021). ACE2 

receptors are reported to be expressed in the endothelial cells of the liver, lungs, 

stomach, kidneys, ileum, and colon; however, their expression is lower in the other 

organs than in the lungs (Wadman et al., 2020). Considering the high infectivity of the 

virus it was speculated that the virus might depend on other potential receptors or 

mediating proteins to facilitate infection (Cantuti-Castelvetri et al., 2020; Daly et al., 

2020). The binding of SARS-CoV-2 to ACE2 seems to be mediated by a spike protein 

(Shang et al, 2020; Wang et al., 2020). Furthermore, the CD147 receptor has been 

identified as another means for the virus to enter cells (Radzikowska et al., 2020; 

Wang et al., 2020). This receptor is a transmembrane glycoprotein of the 

immunoglobulin superfamily, commonly expressed by erythrocytes (Radzikowska et 

al., 2020).  

 

The virus uses the host cells’ genetic material to rapidly replicate, then exits the cell 

through exocytosis (Gazzaz, 2021). The stress caused by the virus triggers cell 

apoptosis which also induces an inflammatory response through the activation of 

proinflammatory cytokines, and their release in high concentrations. This excessive 

release induces a “cytokine storm” that leads to ARDS in the lungs, organ failure and 

hyper-inflammation (Gazzaz, 2021). This inflammatory response might continue to 

increase even when the viral load diminishes (Jain, 2020). These effects have been 
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observed in patients with severe cases who later developed sepsis due to vascular 

leakage, and who presented with damaged epithelial cells in the lungs, thrombosis, 

and hypercoagulation (Jain, 2020). Therefore, it can be concluded that this damage 

will decrease the gaseous exchange surface area, in turn decreasing the rate of 

gaseous exchange. 

 

2.4. Transportation of oxygen by erythrocytes and Hb 
 

Oxygen is carried in the blood by dissolving in the plasma and red blood cell water, 

and by reversibly binding to Hb (Pittman, 2011). Haemoglobin is the molecule that is 

responsible for carrying oxygen in the blood (Pittman, 2011). It is composed of four 

subunits each comprising of an iron-containing porphyrin ring (Mohanty et al., 2014). 

The iron atoms are the binding site for oxygen; therefore, one Hb tetramer can bind to 

four oxygen molecules (Mohanty et al., 2014). Any alterations in the synthesis or 

structure of erythrocytes, Hb, or the globin polypeptide chain can impair the oxygen-

carrying capacity of the blood and lead to hypoxia (Kaufman et al., 2022). 

 

The body is sufficiently oxygenated by responding to changes in oxygen partial 

pressure (PO) and the demand for oxygen, which is determined by the percentage of 

Hb saturated with oxygen (Rhodes et al., 2022). This is expressed on an oxygen 

dissociation curve that can shift to the left or to the right depending on the temperature, 

pH, and 2,3-bisphophoglycerate concentration, among other factors, which can 

increase or decrease the affinity of Hb for oxygen (Powers and Dhamoon, 2023).  

 

There are physiological and pathological factors that could affect Hb concentration 

and RBC count such as age and gender (Gassmann et al., 2019). Change in altitude 

is one of the physiological determinants of blood elements (Alkhaldy et al., 2022). At 

high altitude the volume of blood plasma decreases, while erythropoiesis is increased 

due to hypoxia caused by erythrocytosis and increases Hb and Hct (Alkhaldy et al., 

2022). This might boost the oxygen-carrying capacity, but a decrease in altitude might 

impair oxygen-carrying capacity. 

 

2.5. Oxygen carrying-capacity 
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2.5.1. Gas exchange 
 

COVID-19 was reported as a cluster of pneumonia before its effects were further 

investigated and understood (Rajanna et al., 2021). Patients infected with SARS-CoV-

2 developed ARDS due to the virus’ main effect on the lungs. The symptoms vary, but 

mild cases may experience fever, cough, and fatigue, moderate cases may have 

difficulty breathing or mild pneumonia, and severe cases may have severe pneumonia, 

organ failure and possible death (Zayed et al., 2022). Some COVID-19 patients with 

severe SARS-CoV-2 infection were admitted to medical facilities and administered 

invasive mechanical ventilation as the syndrome caused difficulty in respiration and 

insufficient delivery of oxygen to the organs (Sadhukhan et al., 2020). This 

insufficiency could be elicited by various conditions.  

 

SARS-CoV-2 enters the host cell via ACE2 receptors expressed by pneumocytes in 

the epithelial alveolar lining to enter the host cell, which leads to injury of the epithelial 

layer of the lungs (Varga et al., 2020). The virus causes disruption of the pulmonary 

endothelial and alveolar cells once it has gained entry (Barton et al., 2020; Xu et al., 

2020). This disruption leads to an inflammatory response that causes alveolar and 

interstitial oedema; thus, disrupting gas exchange in the lungs (Copin et al., 2020; 

Hariri et al., 2020). During systemic circulation to the lungs, blood travels via the 

bronchial circulation and drains into the pulmonary vein, this is known as the left-to-

left anatomic shunt which results in a slight decrease in oxygen partial pressure (PaO2) 

from 100 mmHg at the end of pulmonary capillaries to 95 mmHg in the pulmonary vein 

(Powers and Dhamoon, 2023). Pulmonary oedema causes a right-to-left shunt in 

oxygen-Hb dissociation curve that may result in a severe decrease in PaO2 that may 

result in hypoxemia (Powers and Dhamoon, 2023). This reduction in PaO2 lowers the 

oxygen binding affinity in Hb, causing less oxygen to bind to it and be transported to 

tissues (Patel et al., 2023). 

 

2.5.2. Haematocrit, Haemoglobin, and Iron 
 

Haematocrit is the percentage of red blood cells (RBCs) or erythrocytes in the blood. 

Erythrocytes are important for the transport of gases between the lungs and tissues 

using Hb (Mohanty et al., 2014). The production of erythrocytes requires iron for the 
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synthesis of Hb (Kronstein-Wiedemann et al., 2022). The uptake of iron in erythrocytes 

depends on a glycoprotein with two sites to bind transferrin (iron III) which also has 

the function of preventing the formation of free radicals and the invasion of pathogens 

in erythrocytes (Muckenthaler et al., 2017). 

 

Disturbed iron metabolism could lead to hypoxia and anaemia (Lang et al., 2020). 

Ferritin, a protein that stores iron, is released from macrophages, and can enter 

erythrocyte progenitor cells to support their differentiation in the absence of transferrin, 

but only in vivo (Habib et al., 2021). In vitro, transferrin is required to acquire erythroid 

iron (Habib et al., 2021). The virus causes an inflammatory response that leads to the 

increased secretion of ferritin by macrophages, which also causes an inflammatory 

response through the secretion of inflammatory cytokines (Cheng et al., 2020; 

Shoenfeld, 2020).  

 

Iron retention in ferritin could alter the passage of iron across absorptive enterocytes, 

which has been observed in COVID-19 patients (Suriawinata and Mehta, 2022). A 

study by Taneri et al. (2020) suggests that when viral replication occurs in a host cell, 

a boosted cellular metabolism and optimal iron levels are required. Therefore, the 

innate immune system will respond by decreasing iron bioavailability to restrict viral 

replication. This will lead to activation of hepcidin, removal of cellular iron, increased 

ferritin, and decreased Hb (Ganz and Nemeth, 2012; Taneri et al., 2020).  Therefore, 

increased ferritin, decreased Hb, hypoxia, and anaemia might be signs for SARS-CoV-

2 infection and COVID-19. Anaemia will result from iron-restricted erythropoiesis 

caused by the disturbed or altered iron metabolism (Kernan and Carcillo, 2017), thus 

COVID-19 patients have a lower-than-normal Hct (Behl et al., 2022). 

 

The expression of CD147, ORF8 proteins and other receptors and spike proteins, by 

erythrocytes increases the susceptibility for SARS-CoV-2 infection and the virus uses 

these receptors to invade the cells (Ragotte et al., 2021). When the virus invades the 

host cells, the spike protein and cell receptors bind to porphyrin and attack the haeme 

on the 1-beta chain of Hb (Wenzlong and Hualan, 2020). Consequently, the virus will 

cause haemolysis or produce a dysfunctional Hb (Wenzlong and Hualan, 2020). An 

inflammatory response will be stimulated because of the invasion and cell destruction. 

The CD147 is highly expressed in tumour cells, pathogen infected cells and inflamed 
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cells (Kosugi et al., 2015). Their expression was found to increase in inflammatory 

processes, which forms a positive feedback loop (Cavezzi et al., 2020; Kong et al., 

2014). This results in a decrease in erythrocytes and a low and impaired oxygen 

carrying capacity, causing anaemia and hypoxia. It was also observed that hypoxia 

might upregulate the expression of CD147, further worsening the effects (Wang et al., 

2020). It is speculated that these receptors might be the entry-point of SARS-CoV-2 

in the bone marrow immature cells, which might decrease the number of maturing 

cells, and the cells that do mature might be dysfunctional (Ulrich and Pillat, 2020). 

 

Haemoglobin plays an important role in transporting oxygen to tissues by reversibly 

binding them (Mohanty et al., 2014). Therefore, any alteration to Hb will lead to 

deficient oxygen carrying capacity. As a protein, Hb comprises of four subunits, each 

containing one polypeptide chain and one haeme group, and they have the same 

prosthetic haeme group bound iron protoporphyrin associated with a polypeptide chain 

(Marengo-Rowe, 2006). The ferrous iron of the haeme is linked to the nitrogen (N) of 

a histidine and binds oxygen reversibly for transportation and delivery to tissues (Pillai 

et al., 2020). Therefore, iron is a vital component of Hb structure and its function. Low 

levels of iron cause anaemia, while high levels cause excessive oxidative stress that 

could lead to organ damage (Litton and Lim, 2019).  

 

Litton and Lim (2019) observed low levels of iron in hospitalised COVID-19 patients. 

A deviation in iron concentration was observed in COVID-19 cases, from the mild to 

the severe cases, which contributed to the oxygen insufficiency (Alhazzani et al., 

2020). It was also observed that the deviation in iron concentration persisted for a 

period of a few months after the onset of the infection in some of the patients (Taneri 

et al., 2020). This suggests that some of the COVID-19 patients might have low 

concentration of Hb and have a low oxygen carrying-capacity after the onset of the 

infection. Therefore, as part of this study, Hb, Hct and iron were investigated to see 

how these factors may have played a role in oxygen carrying capacity in previously 

infected patients. 

 

2.6. Risk factors of COVID-19 
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COVID-19 was found to elicit complications and worsen some pre-existing conditions 

as seen in previous cases of SARS and MERS (Badawi and Ryoo, 2016). Some of 

these pre-existing conditions became risk factors for SARS-CoV-2 infection (Ranard 

et al., 2020). Among those risk factors, comorbidities such as cardiovascular diseases 

(CVDs), hypertension, diabetes, and obesity were included (Chowdhury and Anwar, 

2020; Wang et al., 2020). Vascular risk factors of the mentioned comorbidities and 

age seem to be the cause of high fatality cases in COVID-19 patients (Mohammad et 

al., 2021). Therefore, heart rate, blood glucose, BMI, and blood pressure were 

investigated in this study to see how they might have played a role in oxygen carrying 

capacity in previously infected patients. 

 

2.6.1. Cardiovascular diseases 
 

Cardiovascular diseases may arise with or without pulmonary complications. In 

previous cases of SARS and MERS, CVDs were a common comorbidity in patients 

(Badawi and Ryoo, 2016). Hypokalaemia in COVID-19 patients increases the risk of 

arrhythmias. The hypokalaemia might be caused by the virus invading the cells which 

can increase urinary potassium excretion due to increased availability of angiotensin 

II, which might also lead to hypertension (Chen et al., 2020). The increase of 

angiotensin II will stimulate the renin-angiotensin-aldosterone system (RAAS) and will 

lead to destructive effects on the heart and lungs (Chen et al., 2020). 

 

SARS-CoV-2 uses the ACE-2 receptors for cell entry which are expressed in the lungs, 

myocytes, and vascular endothelial cells (Zhang et al., 2020). A study by Varga et al. 

(2020), found evidence that the virus can affect endothelial cells directly and cause 

endothelial inflammation. Endothelial dysfunction is an important factor of 

microvascular dysfunction, and it leads to vasoconstriction followed by organ 

ischaemia, inflammation with associated tissue oedema, and a procoagulant state 

(Davignon and Ganz, 2004). Some COVID-19 patients developed endotheliitis, which 

led to a systemic impaired microcirculatory function due to the endothelial 

inflammation (Feldmann et al., 2020). 

 

An ischemic cardiac injury can develop due to known or unknown coronary artery 

disease (CAD), caused by plaque rupture and thrombosis (Jain, 2020). Viral infection 
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increases the risk of developing CAD instigated by inflammation-mediated plaque 

destabilisation (Ranard et al., 2020). The cytokine storm and inflammation response 

elicited in COVID-19 patients might enhance myocardial stress and injury. This might 

lead to impaired cardiac function causing complications such as cardiomyopathy, as 

well as lead to elevated antiphospholipid antibodies which are associated with 

thrombosis (Pelliccia et al., 2017; Zhang et al., 2020). Zheng et al. (2020) speculated 

that the myocardial injury might be caused by inappropriate activation of the T-helper 

cells of the adaptive immune system in COVID-19 patients. The cytokine storm and 

inflammation might persist for a few months after viral load decreases and recovery, 

as such, the effects of these conditions might also continue until chronic complications 

develop (Jain, 2020). 

 

2.6.2. Diabetes mellitus, hypertension, and obesity 
 

Diabetes mellitus, hypertension and obesity are risk factors of each other. Metabolic 

syndrome (MetS) is a cluster of at least four risk factors: high BG, high BP, high serum 

triglycerides and abdominal obesity (Fahed et al., 2022). These risk factors could lead 

to metabolic dysfunction and the development of diabetes, hypertension, obesity 

and/or cardiovascular diseases (Alberti et al., 2009). Individuals with diabetes and 

individuals with obesity generally have a compromised innate and adaptive responses, 

which is characterised by chronic low-grade inflammation (Francisco et al., 2018). 

Low-grade inflammation is characterised by high pro-inflammatory adipokines and low 

anti-inflammatory adipokines and can result in systemic metabolic dysfunction 

(Andrade-Oliveira et al., 2015; Francisco et al., 2018). 

 

Patients with diabetes mellitus (DM), hypertension and obesity are at higher risk of 

poor COVID-19 outcomes and the most affected by SARS-CoV-2 (Guan et al., 2020). 

Studies by Huang et al. (2020) and Wu et al. (2020) have reported that hypertension, 

diabetes, and CVDs are the most frequent and common comorbidities in COVID-19 

patients who developed ARDS. The virus manifests in the lower airways of the 

respiratory system and causes pneumonia and inflammation (Muniyappa and Gubbi, 

2020). 

 



14 
 

The virus targets cells expressing the ACE2 receptor to infect the host. Infected cells 

undergo apoptosis which activates proinflammatory cytokines and recruit 

inflammatory cells, such as CD4+ T helper cells, causing an inflammatory response 

(de Wit et al., 2016). The inflammatory cells should regulate antigen presentation and 

immunity against SARS-CoV-2, but they get infected and lymphocytopenia results 

(Khan et al., 2021). Consequently, this worsens the effects and causes 

hyperinflammation and cytokine storm by stimulation of innate immunity. This leads to 

impaired innate and adaptive immune responses, which is characterised by chronic 

low-grade inflammation, a complication of DM and obesity (Andersen et al., 2016). 

 

Individuals with diabetes and hypertension are more vulnerable to SARS-CoV-2 

infection, which might be due to the ACE inhibiting and angiotensin receptor blocking 

(ARB) medication they are using (Schiffrin et al., 2020).  It has been speculated that 

ACE inhibitors upregulate ACE2 receptors, which increases the binding of SARS-CoV-

2 and increases the likelihood of infection (Furuhashi et al., 2015). Studies by Batlle 

et al. (2020) and Zheng et al. (2020) report that ACE inhibitors can reduce the 

inflammatory response caused by angiotensin II, by forming angiotensin 1-7 which is 

a vasodilator agent affecting cardiovascular organs. This will cause a reduction in the 

circulating angiotensin II and reduce inflammation. Gurwitz (2020), presented similar 

arguments, and further observed that this could reduce the risk of the development of 

ARDS, myocarditis, and acute kidney injury in COVID-19 patients. Therefore, ACE 

inhibitors and angiotensin receptor blockers are not the risk factors of SARS-CoV-2 

but could be used as a therapeutic approach to reduce the viral load in COVID-19 

patients (Schiffrin et al., 2020). Even with the studies by Batlle et al. (2020), Gurwitz 

(2020), and Zheng et al., 2020 that negates the theory of use of ACE inhibitors placing 

diabetics and hypertensives at high risk, the cause of high infection and severe 

outcomes of COVID-19 in these individuals is not yet determined, therefore it can only 

be assumed that it is due to related complications of diseases. 

 

Individuals with obesity are amongst people at high risk of SARS-CoV-2 infection 

(Schiffrin et al., 2020). Excessive nutrient intake and low energy expenditure cause 

adipose tissue to expand to accommodate the excess nutrients resulting in obesity 

(Booth et al., 2016). It is associated with endothelial dysfunction of adipose tissue that 

causes chronic low-grade inflammation (Andersen et al., 2016). Adipose tissue 



15 
 

hypertrophy is predominantly predisposed to activating endoplasmic reticulum and 

mitochondrial stress responses, which promotes the activation of an inflammatory 

response (Kawai et al., 2021). The stress and inflammation lead to adipose tissue 

apoptosis and the release of macrophages, cytokines, and chemokines in the adipose 

tissue, which increases the inflammatory state (Kawai et al., 2021; Kraakman et al., 

2014). This increases the susceptibility of obese individuals to diseases such as 

CVDs, DM, and certain types of cancers, and now COVID-19 as well (Mohammad et 

al., 2021).  

 

Systemic inflammation is a major complication for COVID-19 caused by the 

proinflammatory cytokine storm (Vepa et al., 2020). Therefore, it can be speculated 

that an obese individual with chronic inflammation might be infected with SARS-CoV-

2 and develop COVID-19, which might amplify the existing inflammation with its arising 

acute inflammation and result in increased mortality. Patients with higher-than-normal 

BMI seem to be more vulnerable to SARS-CoV-2, accounting for most of the severe 

cases where patients required hospital admittance and mechanical ventilation 

(Vassilopoulou et al., 2022). Because inflammation induced by SARS-CoV-2 infection 

is persistent even after the viral load has reduced, especially if it is amplified by chronic 

inflammation caused by adipose tissue, long-COVID is a high possibility 

(Vassilopoulou et al., 2022). A study by Vimercati et al. (2021) found that a higher-

than-normal BMI is a risk factor for long-COVID with the symptoms lasting more than 

a month, which substantiates the link between post-COVID and obesity.  

 

2.7. Folic acid and vitamin B12 
 

There are different types of anaemia named according to their causes. It could be 

caused by a loss of blood, parasitic infection, a deficiency of specific nutrients and 

congenital conditions (Pei et al., 2019). The most common type is the anaemia caused 

by deficiency of iron which was discussed in 2.5.2. However, this dissertation also 

includes folic acid and vitamin B12, which are the leading causes of megaloblastic 

anaemia. 

 

2.7.1. Folic acid 
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Folic acid (vitamin B9) is a water-soluble vitamin also used to manage and treat 

anaemia caused by folic deficiency (Sayar et al., 2020). This vitamin also plays an 

important role in deoxyribonucleic acid (DNA). It is not naturally synthesized by the 

body; thus, it must be ingested regularly in food or in supplements (Pei et al., 2019). 

Folic acid is the synthetic form of folate, which is important for normal development of 

the central nervous system: therefore, the high requirements during pregnancy (Pei et 

al., 2019).  

 

The deficiency in folate results in macrocytic megaloblastic anaemia (Hariz and 

Bhattacharya, 2023). Macrocytosis refers to a condition where the erythrocytes are 

larger than normal, and that there are fewer but much larger erythrocytes in the 

peripheral blood (Aslinia et al., 2006). The best source of folate includes leafy green 

vegetables like spinach, broccoli, lettuce, meat (especially liver), eggs and milk 

(Shulpekova et al., 2021). The recommended daily allowance (RDA) of folic acid is 

400 µg for adults according to the National Institute of Health. 

 

It was found that vitamins A, B, C, D, and E play a vital role as supplemental 

medication for viral infections (Patti et al., 2021). Patel and Sobczynska-Malefora 

(2017) demonstrates that in vitro, vitamin D suppresses the replication of 

Mycobacterium tuberculosis (TB), and vitamin C is associated with decreased 

inflammatory markers in COVID-19. Folic acid was found to inhibit SARS-CoV-2 entry 

into host cells (Chen et al., 2022), while some studies found that supplementing with 

folic acid for SARS-CoV-2 induced systemic inflammation might increase the risk of 

mortality after infection (Karakousis et al., 2023). A cohort study by Liu et al. (2022) 

and another by Meisel et al. (2021) found that both low serum levels of folate and both 

low and high serum levels of vitamin B12 are significantly associated with higher risk 

of bad outcomes in COVID-19 patients. 

 

2.7.2. Vitamin B12  
 

Vitamin B12 works in concert with folic acid to support DNA synthesis required for cell 

growth and cell division (Sayar et al., 2020). Vitamin B12 (cobalamin) deficiency 

anaemia develops as a result of immature and dysfunctional erythrocytes (Langan and 

Goodbred, 2017). The deficiency affects vital processes such as erythropoiesis in 
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bone marrow suppression (Stabler, 2013). This could result in normal red blood cell 

count but the cells will be abnormal, resulting in hypoxemia and hypoxia (Langan and 

Goodbred, 2017). 

 

The prevalence of vitamin B12 deficiency varies by age range, with individuals 60 years 

and older having the highest risk (Shipton and Thachil, 2015). Food such as meat, 

eggs and dairy products are great sources of vitamin B12, and like folic acid, the 

amount consumed daily is recommended by national health professionals (Stabler, 

2013). The RDA for vitamin B12 is 2,4 µg according to the NIH. This recommendation 

is there to prevent deficiencies caused by malnourishment (Hariz and Bhattacharya, 

2023). 

 

Vitamin B12 also regulates the immune system and antiviral activity, and it is highly 

recommended by the United States Food and Drugs Administration (FDA) to use as 

treatment for COVID-19 (Kandeel and Al-Nazawi, 2020). It contributes to improving 

the immune response by increasing CD8+ T cells and natural killer T cells, which can 

defend the body against pathogens (Yoshii et al., 2019). There are various vitamin B12 

symptoms that are similar to COVID-19 and post-COVID-19 symptoms, as such 

supplementing with vitamin B12 might alleviate some of the symptoms (Batista et al., 

2022). As such, one of the objectives of the study was to assess the intake of the 

nutrients to eliminate them as cofounding factors of anaemia in the participants who 

might be pre-anaemic.  
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3. CHAPTER 3: METHODOLOGY 
 

3.1. Introduction 
 

Chapter 3 focuses on how the study was conducted. This chapter is divided into 

sections including the type of study, sampling method, the research area, the inclusion 

and exclusion criteria, study population, the qualitative and quantitative methods used 

during data collection, and the statistical analysis. 

 

3.2. Study design 
 

The study was a case COVID-19 naïve cross-sectional study, comprising of an 

COVID-19 positive group of individuals previously diagnosed with COVID-19 and a 

COVID-19 naïve group of individuals who never tested positive for COVID-19. The 

study used quantitative and qualitative methods to collect data. Data collection was 

conducted over a period of two months; and include the weekdays of August and 

September 2023. 

 

3.3. The research area 
 

The selected place of data collection was the University of Limpopo, Turfloop campus, 

Mankweng, Limpopo province, South Africa. This area was chosen as there is a lack 

of information available on COVID-19 and its effects in this community or area. 

 

3.4. Sampling and study population 
 

The participants were selected using convenient sampling. The aim of this study was 

to investigate the oxygen carrying capacity of adults in the Mankweng area post 

COVID infection. Participants that were selected were given an extensive explanation 

on what the study entails and were further required to sign informed consent forms 

(Addendum D).  

 

The study sample size was calculated using the prevalence of long COVID-19 in 

individuals who have been diagnosed with COVID-19 before. The principle of a case-
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COVID-19 naïve study was utilised as participants were divided into two groups. The 

COVID-19 positive group consisted of participants who were confirmed COVID-19 

positive at least once, and the COVID-19 naïve group consisted of participants who 

were either COVID-19 naïve or have never tested positive for COVID-19. Since 

COVID-19 can also present as asymptomatic, it is difficult to accurately ascertain the 

COVID status of the participant. Thus, where possible, preference was given to 

participants who had proof of their status.   

 

The participants were selected using convenient sampling in the Mankweng area, 

University of Limpopo campus. All participants of the study met both the exclusion and 

inclusion criteria which are outlined in section 3.6. Based on the study by Lopez-Leon 

et al. (2021) who reported 80% of patients experiencing long term effects of COVID-

19 infection after the viral load decreases, the sample size was calculated using the 

n= z2 p (1-p)/e2 formula. The total sample population was calculated to be 246, in 

which we expected 80% to be individuals who were previously diagnosed with COVID-

19; however, we were only able to obtain 223 participants at the end of the study. The 

number obtained for the COVID-19 positive group was 28, in which 7 were males and 

21 females, while the number obtained for the COVID-19 naïve group was 195, in 

which 81 were males and 114 females. All participants signed informed consent forms 

to participate in the study before the administration of questionnaires and taking of 

measurements. 

 

3.5. Questionnaires used in this study 

3.5.1. Participant details questionnaire 

 

This questionnaire (Addendum F) was designed to acquire socio-demographic 

information and was used to record anthropometric measurements, BG, BP, Hct and 

Hb. 

3.5.2. Participant selection questionnaire 
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This questionnaire (Addendum E) was designed using most of the exclusion criteria 

which is a list of conditions and characteristics which place individuals at higher risk of 

COVID-19 or are vulnerable to COVID-19 and its complications due to an 

overwhelmed and compromised immune system. Individuals who met the inclusion ad 

exclusion criteria were included in the study. The questionnaire was also used to 

acquire COVID-19 information from study participants. 

 

 

3.6. Inclusion and exclusion criteria 
 

The inclusion and exclusion criteria list were used to recruit participants who did not 

already have the comorbidities that might develop secondary to COVID-19 infection. 

This allows us to investigate whether the comorbidities are complications of the 

infection. 

 

Participants with any of the following characteristics were included in the study: 

● 18 years of age and older, 

● Individuals who have lived in the research area for three months or more, 

● Individuals who tested negative for COVID-19 in the last three to six months 

post infection.  

 

Participants with any of the following conditions or characteristics were excluded from 

the study: 

● Chronic pulmonary obstructive disease, 

● Pregnant, lactating, or menstruating, 

● Smoking, 

● Iron deficiency anaemia or are taking iron supplements, 

● Stomach ulcers, 

● Cancer or Hodgkin’s disease, 

● HIV-positive, 

● Chronic kidney disease, and  

● Trauma experience or blood loss within the last three months (donation or 

otherwise). 
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3.7. Data collection procedure  
 

A formal letter (Addendum B) seeking permission to collect data in the research area 

was sent to the registrar of the University of Limpopo, Prof JK Masha, and 

gatekeeper’s permission was awarded (Addendum C). Potential convenient 

participants were approached and recruited. A formal informed consent form 

(Addendum D) was administered and signed prior to further questioning and taking of 

measurements. Thereafter, the participants were administered a participants selection 

form (Addendum E) to identify individuals who could be included in the study, and 

participant details form (Addendum F) to complete. Anthropometric measurements 

and postprandial glucose, BP, Hct and Hb were measured and recorded. Lastly, 

participants were administered a food frequency questionnaire (Addendum G), and 

the food frequency assessment was conducted. As the study was conducted only on 

the staff members and students at the University of Limpopo, translating of the 

questionnaires was unnecessary, and participants were given the freedom to ask for 

elaboration where they clarity was required. 

 

 

3.7.1. Measuring haematocrit, haemoglobin, and blood glucose 
 

An altered oxygen-carrying capacity can lead to hypoxia and hypoxemia. This study 

focused on the molecule and cells that are relevant in transporting oxygen to and from 

tissues. Hct percentage and Hb concentration were measured in the participants using 

standardized finger prick method (Billet,1990; Rovó et al., 2022). This method is 

regularly used with point of care devices to self-monitor levels of specific parameters. 

For this method, there were no prior prerequisites for the participants to follow, except 

that all participants need to have lived in the study area for more than 3 months to 

eliminate a change in altitude as a confounding factor for abnormal values of Hct and 

Hb. Billet, (1990), stated that Hct measures the volume of red blood cells compared to 

the total blood volume. The measurements were done with the FORA® 6 Connect, 

using specific test strips designed to measure Hct, Hb and BG. The Hct results were 
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classified by gender as normal if the value was within normal range displayed in Table 
1, low if below the range, and high if the value was above the range. 

 

Table 1: Normal Hct percentage and Hb concentration in adults according to WHO  

 Normal Hct Normal Hb 
Male  40 to 54% 14 to 18 g/dL 

Females  36 to 48% 12 to 16 g/dL 
(Billett, 1990) 

 

The Hb concentration was classified as normal if the value was within the normal range 

displayed in Table 1, low if below the normal range, and high if above the normal 

range. 

 

The monitoring of BG is crucial in determining fluctuations during regular checkups 

that might occur and plays a vital role as part of diagnostic techniques for diabetes 

mellitus (Khadilkar et al., 2013). The standardized finger prick method was applied 

(Mathew et al., 2022) using the FORA® 6 Connect portable device. The study 

participants were recruited at a convenience, as such random BG tests were 

conducted, and results were classified as displayed in Table 2. 

 

Table 2: Normal BG in adults according to the Centre for Disease COVID-19 naïve 

and Prevention (CDC) and National Institute for Health and Care Excellence (NICE) 

 Normal BG 
Fasted BG 3.5 – 5.5 mmol/L 

Random BG Less than 11.1 mmol/L 
Adapted from https://www.cdc.gov/diabetes/basics/getting-tested.html and 

https://www.cdc.gov/diabetes/basics/getting-tested.html  

 

3.7.2. Measuring blood pressure and HR 
 

Blood pressure is monitored to assist in the diagnosis of hypertension and other BP 

related conditions, and such conditions usually have no signs and symptoms in the 

early stages (Pickering et al., 2004). For this reason, it is advisable to regularly monitor 

https://www.cdc.gov/diabetes/basics/getting-tested.html
https://www.cdc.gov/diabetes/basics/getting-tested.html
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BP. There are two ways to measure BP: using the conventional manual auscultation 

or the automated devices which does not require a health care professional. The 

automated device method was used in this study, in accordance with the standardized 

procedure (Pickering et al., 2004; Rehman et al., 2022). The OMRON M2 Basic that 

was used for this study computed the systolic BP (SBP), diastolic BP (DBP) and HR. 

For accuracy, three measurements were performed, and an average was calculated. 

The classification of the BP was in accordance with the categories in Table 3 and 

Table 4 for HR.  

 

Table 3: Classification of BP according to Heart and Stroke foundation 

Categories  SBP 
mmHg 

DBP  
mmHg 

Normal  Less than 120  Less than 80  

Elevated  120 - 129 Less than 80 

Hypertension stage 1 130 - 139 80 - 89 

Hypertension stage 2 140 or higher 90 or higher 
Adopted from: https://www.heart.org/en/health-topics/high-blood-pressure/understanding-blood-

pressure-readings  

 

Table 4: Classification of HR of the average adult according to the Heart and Stroke 

foundation 

Categories  HR (bpm) 
Low Less than 60 

Normal 60 - 99 

High  100 or higher 
(Avram et al., 2019) 

 

3.7.3. Measuring anthropometric indices 

 

The anthropometric indices used in this study is the BMI. BMI is used to determine 

whether an individual is underweight, normal, overweight, or obese, by taking the 

https://www.heart.org/en/health-topics/high-blood-pressure/understanding-blood-pressure-readings
https://www.heart.org/en/health-topics/high-blood-pressure/understanding-blood-pressure-readings
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weight of the individual and dividing it with their height squared, represented by the SI 

unit kilograms per meter squared. 

 

Weight was measured using a digital body weight scale DH-2008B in accordance with 

to the standardised method for measuring weight (Casadei and Kiel, 2022). The height 

of the participants was measured using Leicester Height Measure stadiometer. The 

measurements were conducted using the standardized method for measuring height 

(Casadei and Kiel, 2022). The BMI was then calculated, and participants were 

classified in accordance with the cutoff points by WHO as presented in table 5. 

Table 5: BMI classification according to WHO 

Classifications Cut off points (kg/m2) 
Underweight  15 – 19,9 

Normal 20 – 24,9 

Overweight  25 – 29,9  

Obese  Above 30 
(Nutall, 2015) 

 

3.7.4. Measuring dietary intake in adults 
 

There are different methods to measure dietary intake depending on how extensive 

the required dietary intake information needs to be, such as the 24-hour recall and 

food frequency questionnaire.  

 

In this study, the food frequency questionnaire was used to obtain dietary information 

of macronutrients and micronutrients (iron, folic acid, and vitamin B12) of the 

participants. The questionnaire (Addendum F) took approximately 30 minutes per 

participant, as such it was administered last. With the understanding that remembering 

over a month’s worth of information could be challenging, participants were required 

to recall their diet of the past 30 days beginning with the day the questionnaire was 

administered. Only food and beverages that was consumed more than once every 

week within the 30 days was recorded. The advantage of this type of questionnaire 

was that it accounts for food and beverages consumed on a regular basis, while the 
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24-hour accounts for the previous day’s food and beverages which might vary to the 

food and beverages consumed on the regular basis.  

 

Table 6: Recommended daily allowance of selected micronutrients and elements 

according to the National Institute of Health (NIH) 

Micronutrients  RDA Male RDA Female 
Iron concentration 18 mg 18 mg 

Folic acid 400 µg 400 µg 

Vitamin B12 2.4 µg 2.4 µg 
Adapted from: https://ods.od.nih.gov/HealthInformation/nutrientrecommendations.aspx  

 

This questionnaire was conducted in accordance with the South African Medical 

Research Council (SAMRC) dietary intake guidelines. The participants were given 

food cards and asked to pick cards that present food and beverages consumed for the 

past 30 days. These cards functioned as a prompt for the recall. Cooking methods and 

meal portions were asked and recorded. The results were captured and analysed 

using the SAMRC food finder software and IBM SPSS version 29.0. The information 

from the questionnaire was used to calculate the total daily intake of micronutrients 

and macronutrients for each individual and compared with males and females from 

the COVID-19 positive and COVID-19 naïve group. Table 6, which displays the 

recommended daily allowance (RDA) of iron, folic acid, and vitamin B12, was used to 

determine if participants consumed at least the RDA for each of the nutrients. 

 

3.8. Statistical analysis 
 

The data collected was captured and analysed using International Business Machines 

Statistical Packaging for the Social Sciences (IBM SPSS) statistics version 29. A 95% 

confidence interval (CI) and 5% margin of error (p≤0,05) were used. The distribution 

of the data was tested for normality using the independent student t-test presented in 

a table form, histogram, and line graphs. The data that was not normally distributed 

was logistically transformed. Descriptive statistical analysis was conducted with 

participants’ demographic information and presented in frequency and percentage 

tables and pie charts and were used to determine the prevalence of parameters of 

https://ods.od.nih.gov/HealthInformation/nutrientrecommendations.aspx
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oxygen-carrying capacity and risk factors of COVID-19. The Pearson Chi-square was 

used to determine the p-value of frequency, and the independent student t-test was 

used to determine the mean, standard deviation, and p-value of mean of the risk 

factors of COVID-19 against the parameter of oxygen-carrying capacity of males and 

females within the COVID-19 positive group and COVID-19 naïve group. The 95% CI 

was used, and statistical significance set at p≤ 0,05. The association between Hct and 

Hb against risk factors of COVID-19 was analysed using the two tailed Pearson 

correlation factor (r) to find a possible correlation between the two factors. For the 

dietary intake, the RDAs were generated by Food Finder, then captured in IBM SPSS 

version 29.0 to run descriptive statistical analysis of the nutrients, and the Pearson 

correlations factor and p-value of mean using the independent student t-test against 

Hct and Hb. The t-test was used to find a link between the nutrients consumed and 

the levels of Hb and Hct. 

3.9. Ethical consideration  
 

Ethics approval (Addendum A) was approved obtained for the Turfloop Research 

Ethics Committee (TREC) at the University of Limpopo (project number 

TREC/370/2022:PG).  Gate keeper’s permission (Addendum C) was granted by the 

University of Limpopo to conduct data collection within the university premises. All the 

participants of this study read and signed the informed consent form (Addendum D), 

which was also explained in simple terms to ensure understanding. The reason and 

way the study was conducted, and the storage and use of the data and their personal 

information was explained prior to the signing of the informed consent form. 

 

3.10. Reliability, viability, and objectivity 
 

All anthropometric and BP measurements were taken three times and an average of 

the three values were calculated. 

 

3.11. Bias  
 

The selection of participants was convenient which eliminated selection bias. The 

selected participants were given a participant selection questionnaire that helped 

determine whether they participate in the study based on the exclusion and inclusion 
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criteria, which could’ve caused stigmatism and introduced bias. The finger prick 

measurements for BG, Hb and Hct were done only once to avoid causing unnecessary 

discomfort, but the rest of the measurements (anthropometry and BP) were repeated 

twice to prevent bias. All participants received the same informed consent form and 

questionnaires to ensure consistency. 
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4. CHAPTER 4: PRESENTATION AND INTERPRETATION OF RESULTS 
 

4.1. Introduction 
 

Chapter 4 focuses on the presentation and interpretation of results. This chapter is 

divided into sections relating to the order of the objectives of the study, then further 

subdivided according to the subtopics in chapter 2, except the first section of the 

chapter which is devoted to demographic and descriptive statistics to provide an 

overview of the study population. Tables and graphs have been used to present the 

results. 

 

4.2. Descriptive statistics 
 

Two hundred and twenty-three (223 or 91,0%) individuals participated in the study out 

of two hundred and forty-six of the anticipated participants. This was satisfactory as it 

was more than 80% of our expected sample size (Lopez-Leon et al., 2021). The 

COVID-19 positive group consisted of twenty-eight (28 or 13,0%) participants, 21 

(75,0%) were females and the seven (25,0%) were males. The COVID-19 naïve group 

consisted of one hundred and ninety-five (195 or 87,0%) participants, 114 (58,5%) 

were females and 81 (41,5%) were males presented in Figure 1 below. This shows 

that there was an unequal distribution of participants in each group, as well as an 

uneven distribution of males and females within the groups. This could be because of 

the sampling method used to recruit participants, as it didn’t target a more specific 

group of people. 
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Figure 1: Distribution of males and females in the COVID-19 positive group and 

COVID-19 naïve group. 
 

4.3. Age distribution participants 
 

The age criteria of the study were eighteen years old and older, and that goal was 

achieved which was facilitated by the area in which data was collected. The research 

area is dominated by individuals within the age group of 18–25 years old. Majority of 

the study participants (92,8%) falls within that age group, while 4,9% of the study 

participants are within the 26–33 age group, 0,4% of the study participants is within 

the 34–41 age group, 0,4% of the study participants is within the 42–48 age group, 

and 0,9% of the study participants are within the 49–55 age group as demonstrated in 

Figure 2 below. 

 

4.3.1. Age distribution of study participants in COVID-19 positive group 
 

The COVID-19 positive group consists of individuals who were confirmed positive for 

COVID-19 at least once. The number obtained for this group was 28 (13,0%) study 

participants out of a total of 223. Within that number, 24 (85,7%) study participants fell 

within the 18–25 age group, two (7,1%) study participants fell within the 26–33 age 

group, with one (3,6%) each in the 34–41 and 49–55 age groups (Figure 2). For this 

study group, no study participant within the 42-48 age group was obtained. 

 

39,5
25

41,5

60,5
75

58,5

0%

20%

40%

60%

80%

100%

Total population Experimental Control

Pe
rc

en
ta

ge

Groups

Sex Distribution

Males Females



30 
 

The distribution of study participants according to their sex into age groups shows that 

most of the males and females fell within the 18–25 age group. The COVID-19 positive 

group consists of seven males and 21 females. Of those seven male participants, four 

(57,1%) participants fall within the 18–25 age group, one (14,3) participant falls within 

the 26–33 age group, one (14,3%) participant falls within the 34-41 age group, and 

one (14,3%) participant falls within the 49–55 age group (Figure 3). No participants 

were obtained for the other age group. Of the 21 females in the COVID-19 positive 

group, 20 (95,2%) participants fall within the 18–25 age group and one (4,8%) 

participant falls within the 26–33 age group (Figure 3). No participants were obtained 

for the other age groups. 

 

 

Figure 2: Age distribution of study participants in age groups. 
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4.3.2. Age distribution of study participants in COVID-19 naïve group 
 

The COVID-19 naïve group consisted of individuals who were COVID-19 naïve or had 

never tested positive for COVID-19 before. The number of participants obtained for 

this group is 195 (87,0%). Of that number, 183 (93,8%) study participants fell within 

the 18–25 age group, nine (4,6%) within the 26–33 age group, and one (0,5%) each 

in the 42–48 and 49-55 age groups (Figure 2).  

 

Figure 3: Percentage of males and females within the age groups in COVID-19 

positive group and COVID-19 naïve group. 
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There is one missing regarding the age of the participants as there was no record of 

it. Therefore, the valid number of participants for the COVID-19 naïve group is 194 

with respect to their age. No participants were obtained for the age group 34–48. 

 

The COVID-19 naïve group consists of 195 participants, 81 (42,0%) males and 114 

(58,0%) females. Of the 81 males, 72 (88,9%) fell within the 18–25 age group, seven 

(8,6%) participants fall within the 26–33 age group, and one (1,2%) each 42–48 and 

49–55 age groups (Figure 3). No participants were obtained for the other age group. 

Of the 114 females in the COVID-19 naïve group, 111 (98,2%) fell within the 18–25 

age group and two (1,8%) participants within the 26–33 age group (Figure 3). No 

participants were obtained for the other age groups. 

 

4.4. Parameters associated with oxygen-carrying capacity 
 

The first objective of the study was to assess parameters associated with oxygen-

carrying capacity such as Hb concentration and Hct percentage. The collected raw 

data of Hb and Hct were categorized into low, normal, and high and the participants in 

the COVID-19 positive and COVID-19 naïve groups were distributed accordingly 

(Table 7).  
 

The number of males in the study sample of 223 was 88 (39%). Of that number 66 

(75%) had normal Hct values, with three (3,4%) presenting with high Hct levels, and 

19 (21,6%) with low Hct values. On the other hand, 74 (84,1%) of the male participants 

had normal levels of Hb, one (1,1%) had a high Hb level, and 13 (14,8%) had low Hb 

levels. This shows a similar trend where the frequency of males having either normal, 

high, or low percentage of Hct percentage is reflected in the Hb concentration, implying 

that there might be a correlation between Hct percentage and Hb concentration in the 

male participants. 
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Table 7: Prevalence of Hct and Hb of COVID-19 positive and COVID-19 naïve group 

based on sex. 

Variables Total 
populatio
n (N = 
223) 

COVID-19 
positive 
group (n = 
28) 

COVID-19 
naïve group 
(n= 195) 

p-value 

Males (n; %) 88 (39) 7 (25,0) 81 (41,5) 0.050 
Females (n; %) 135 (61) 21 (75,0) 114 (58,5) 
Hct (n; 
%) 

Male Norma
l 

66 (75,0) 6 (85,7) 60 (74,1) 0,754 

High  3 (3,4) 0 3 (3,7) 

Low 19 (21,6) 1 (14,3) 18 (22,2) 

Femal
e 

Norma
l 

43 (32,6) 6 (28,6) 37 (33,3) 0,896 

High 7 (5,3) 1 (4,8) 6 (5,4) 

Low 82 (62,1) 14 (66,7) 68 (61,3) 

Hb (n; 
%) 

Male Norma
l 

74 (84,1) 7 (100,0) 67 (82,7) 0,487 

High 1 (1,1) - 1 (1,2) 

Low 13 (14,8) - 13 (16,0) 

Femal
e 

Norma
l 

87 (65,9) 14 (66,7) 73 (65,8) 0,721 

High 8 (6,1) 2 (9,5) 6 (5,4) 

Low 37 (28,0) 5 (23,8) 32 (28,8) 

 

 

The number of female participants in the study sample of 223 was 135 (61%). Of that 

43 (32,6%) had normal Hct percentages, seven (5,3%) elevated Hct percentages, and 

82 (62,1%) had low Hct percentages. On the other hand, 87 (65,9%) female 

participants had normal Hb concentrations, eight (6,1%) participants had high Hb 

concentrations, and 37 (28,0%) had low Hb concentrations. This implies an inverse 

correlation between Hct percentage and Hb concentration regarding prevalence in 

females.  
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Table 7 also indicates the prevalence of low Hct percentage and Hb concentration 

after COVID-19 infection across the study sample. Males have a prevalence of 21,6% 

for low Hct percentage and a prevalence of 14,8% for low Hb concentration, while 

females have a prevalence of 62,1% for low Hct percentage and a prevalence of 

28,0% for low Hb concentration. This implies that females have a higher prevalence 

for low Hct percentage and Hb concentration after COVID-19 infection than males; 

therefore, might have a lower oxygen-carrying capacity. 

 

Table 8 presents the means and p-value for means of Hb and Hct between the males 

from the COVID-19 positive group and the COVID-19 naïve, as well as means and p-

value for means between the females from the COVID-19 positive group and COVID-

19 naïve group.  

 

Table 8: Descriptive statistics of Hct and Hb among males and females in the 

COVID-19 positive group and COVID-19 naïve group 

Variables  COVID-19 
positive 
group 

COVID-19 
naïve 
group 

p-value 

Mean (±SD) Mean (±SD) 
Hct Male  45,86 (3,436) 43,48 

(5,259) 

0,301 

Female  33,29 (7,072) 34,17 

(6,770) 

0,771 

Hb Male  15,571 (1,163) 14,716 

(1,829) 

0,268 

Female  11,319 (2,444) 11,586 

(2,302) 

0,798 

 

The mean for Hct and Hb between the COVID-19 positive group and COVID-19 naïve 

group show no statistical significance for either the males or the females as all p-

values for mean are p<0,05 (Table 8).  
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4.4.1. Prevalence of low haematocrit after COVID-19 infection 
 

The COVID-19 positive group consisted of 7 (25,0%) of male participants. Of this 

number, 6 (85,7%) had normal Hct percentages, and 1 (14,3%) had low Hct 

percentage. None of the male participants in the COVID-19 positive group had high 

Hct levels. The COVID-19 naïve group had 81 (41,5%) male participants and of that 

number 60 (74,1%) had normal Hct percentages, three (3,7%) had high Hct 

percentage, and 18 (22,2%) had low Hct percentages. This shows that males have 

normal Hct percentage regardless of whether they had COVID-19 or not. Male 

participants who had low and high Hct percentage are lower in the COVID-19 positive 

group than in the COVID-19 naïve group. Table 7 shows a 14,3% prevalence of males 

having low Hct after COVID-19 infection. The p-value (p=0,754) of Hct percentage of 

males in the COVID-19 positive and COVID-19 naïve group shows no statistical 

significance (Table 7). 

 

The COVID-19 positive group consisted of 21 (75,0%) female participants, of which 6 

(28,6%) had normal Hct percentages, one (4,8%) had a high Hct percentage, and 14 

(66,7%) had low Hct percentages. The COVID-19 naïve group consisted of 114 

(58,5%) females; however, only 111 (56,9%) Hct percentages were recorded. Of these 

37 (33,3%) were normal Hct, six (5,4%) were high Hct, and 68 (61,3%) were low Hct. 

The results show similar trends where majority of the female participants in both 

groups have low Hct percentages. Table 7 displays a p-value of p=0.896, meaning 

that no statistical significance was found between the groups. Table 7 also displays 

that there is a prevalence of 66,7% of having low Hct percentage for females after 

COVID-19 infection.  

 

Comparing the prevalence of low Hct percentage for males (14,3%) and females 

(66,7%), it can be argued that females may have a higher prevalence than males, but 

the low Hct percentage in males might be due to the low number on male participants 

in the group. Therefore, have a compromised oxygen-carrying capacity post COVID-

19 infection caused by the low percentage of erythrocytes.  

 

4.4.2. Prevalence of low haemoglobin after COVID-19 infection 
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The COVID-19 positive group consisted of seven (25,0%) male participants, and their 

Hb concentrations were normal. The COVID-19 naïve group consisted of 81 (41,5%) 

male participants, of which 67 (82,7%) participants had normal Hb concentrations, one 

(1,2%) had an elevated concentration of Hb, and 13 (16,0%) had low Hb levels. The 

results show that all participants in the COVID-19 positive group had normal Hb 

concentrations, substantiated by the p-value of p=0,487 displayed by Table 7 above. 

Table 7 shows a prevalence of 0% of males having low Hb concentration after COVID-

19 infection. This could be due to the low number of male participants in the COVID-

19 positive group. 

 

The COVID-19 positive group had 21 (75,0%) female participants, of which 14 (66,7%) 

participants had normal Hb concentrations, two (9,5%) participants had high Hb 

concentrations, and five (23,8%) participants had low Hb concentrations. The COVID-

19 naïve group had 114 (58,5%) females, but only 111 (56,9%) had their Hb 

concentrations measured and recorded. Of them 73 (65,8%) had normal Hb 

concentrations, six (5,4%) had high Hb concentrations, and 32 (28,8%) had low Hb 

concentrations. The results obtained from both are very similar to each other, with 

most of the participants having normal Hb concentrations. Table 7 shows the lack of 

statistical significance (p=0,721), and the prevalence of 23,8% for low Hb 

concentrations in females after COVID-19 infection. Comparing the prevalence of low 

Hb concentration for males (0,0%) and females (23,8%) shows that females are more 

prevalent to low Hb concentration than males: therefore, might have a lower oxygen-

carrying capacity after COVID-19 infection. 

 

4.5. Risk factors of COVID-19 
 

4.5.1. Prevalence of diabetes  
 

Table 9 displays the prevalence of diabetes between the male and female participants 

in the COVID-19 positive and COVID-19 naïve groups based on the random BG levels. 

To determine if the study participants might have an increased risk of becoming 

diabetic after COVID-19 infection, a random BG test was done. All participants were 

found to have a normal BG concentration. According to the NICE guidelines, a random 

BG tests with a value less than 11,1 mmol/L is considered to be normal, while more 
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than 11,1 mmol/L is classified as diabetic. The p-value displayed by Table 9 is p= a 

which means no statistics are computed because all study participants had normal 

BG. 

 

Table 9: Prevalence of diabetes after COVID-19 infection 

Variables  Total 
population 
(N= 223) 

COVID-19 
positive 
group 
(n= 28) 

COVID-
19 
naïve 
group 
(n= 
195) 

p-
value 

Males (n; %) 88 (39) 7 (25,0) 81 
(41,5) 

0,050 

Females (n; %) 135 (61) 21 (75,0) 114 
(58,5) 

BG  
(n; %) 

Males Normal  81 (100,0) 7 (100,0) 81 

(100,0) 

. a 

Females  Normal  132 

(100,0) 

21 (100,0) 111 

(100,0) 

. a 

 a. No statistics are computed because all participants have normal BG. 

 

Table 9 presents the mean, standard deviation from the mean and p-value of mean of 

BG levels between male participants in the COVID-19 positive group and COVID-19 

naïve group, and BG levels between female participants in the COVID-19 positive 

group and COVID-19 naïve group. The p-value of mean of p=0,003 between the male 

participants from both groups shows statistical significance. BG levels were 

significantly higher in male participants in the COVID-19 positive group than in the 

COVID-19 naïve group. This suggests that males have higher glucose levels after 

COVID-19 infection. But this might be an incorrect conclusion as random BG tests 

were done to acquire this data and some participants were not fasted.  
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Table 10: Descriptive statistics for BG in male and female participants in the COVID-

19 positive and COVID-19 naïve group 

Variables  COVID-19 
positive 
group 

COVID-19 
naïve group  

p-value 

Mean (±SD) Mean (±SD) 
BG  Male  5,500 (2,141) 4,793 (1,025) 0,003 

Female  4,281 (0,937) 4,476 (0,872) 0,922 

 

4.5.2. Prevalence of hypertension   
 

Table 11 displays the prevalence of hypertension amongst the male and female 

participants in the COVID-19 positive and COVID-19 naïve groups, based on their 

systolic and DBP values. In a study sample of 223 participants, 61 (69,7%) males out 

of 88 had an elevated SBP, while 23 (26,1%) had an elevated DBP and the remaining 

of the male participants had normal systolic and DBP. On the other hand, 35 (25,9%) 

of the 135 females had elevated SBP, and 23 (17,0%) had elevated DBP. The 

remaining female participants had normal systolic and DBPs. This implies that males 

are at risk of having elevated systolic and DBP in general. 

 

A higher number of the female participants in the overall study sample had normal 

heart rate (HR) as compared to the male participants. Sixty-nine (83,1%) male 

participants had normal HR, none had high HRs, and 14 (16,9%) had low HR. On the 

other hand, 122 (91,0%) female participants had normal HRs, seven (5,2%) had high 

HRs and five (3,7%) had low HR. Females were at higher risk of elevated HR than 

males. This might because males are physically more active than females and so they 

would have a fit and healthy heart with lower HR than an unhealthy heart (Craft et al., 

2014). The heart of females naturally beats faster than males because it is smaller in 

size and has a resting cardiac that is 10 – 20% less than a male heart, it must beat 

faster to compensate for the smaller volume of blood pumped with every beat 

(Prabhavathi et al., 2014). 
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In the COVID-19 positive group with seven male participants, four (57,1%) had normal 

SBP, and three (42,7%) had elevated SBPs. While in the COVID-19 naïve group 

(n=81), 23 (28,4%) had normal SBP, and 58 (71,6%) had elevated SBP. This implies 

that males who have been infected with COVID-19 might have an increased risk of 

elevated SBP. These findings must be interpreted with caution as the small size of the 

COVID-19 positive group participants is a concern for reliability. However, the SBP 

between the two male groups did not differ significantly (Table 11, p=0,114). 

 

In the COVID-19 positive group with 21 female participants, 15 (71,4%) had normal 

SBP, and six (28,6%) had elevated SBP. While the COVID-19 naïve group (n=114) 

had 85 (74,6%) with normal SBP, and 29 (25,4%) with elevated SBP. This implies that 

females with a history of COVID-19 infection are likely to be at risk of high SBP than 

females who never had COVID-19. This implication might be inaccurate as the number 

of female participants was too low to be representative of the population. Similar to the 

males, the SBP differences between the two female groups were insignificant (Table 
11, p= 0,763). 

 

It was found that all male participants in the COVID-19 positive group (7; 100,0%) have 

normal DBP, while 58 (71,6%) male participants in the COVID-19 naïve group had 

normal DBP and 23 (28,4%) had elevated BP. This indicates that there is 0% 

prevalence of elevated DBP amongst the males after COVID-19 infection, but there is 

a prevalence of 28,4% of males having elevated DBP without the history of COVID-19 

infection. Table 11 displays a p-value of p= 0,101 which means there was no statistical 

difference found. This could be due to small sample size of the COVID-19 naïve and 

so this might not be accurate. 

 

On the contrary, 17 (81,0%) female participants in the COVID-19 positive group had 

normal DBP and four (19,0%) had elevated DBP, while 95 (83,3%) female participants 

in the COVID-19 naïve group had normal DBP and 19 (16,7%) had elevated DBP. The 

results show that there is a 19,0% prevalence of females having elevated DBP after 

COVID-19 infection. These results might be inaccurate as there was a low number of 

female participants in the COVID-19 positive group to be representative of the 

population of females who tested positive for COVID-19 in the research area. Table 
11 displays a p-value of p= 0,790 which means there is no statistical significance. 
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Table 11: Prevalence of hypertension after COVID-19 infection 

Variables  Total 
population 
(N= 223) 

COVID-19 
positive 
group 
(n= 28) 

COVID-
19 naïve 
group 
(n= 195) 

p-
value 

Males (n; %) 88 (39) 7 (25,0) 81 (41,5) 0,050 
Females (n; %) 135 (61) 21 (75,0) 114 

(58,5) 
SBP  
(n; %) 

Males  Normal 27 (30,7) 4 (57,1) 23 (28,4) 0,114 

Elevated 61 (69,3) 3 (42,9) 58 (71,6) 

Females  Normal  100 (74,1) 15 (71,4) 85 (74,6) 0,763 

Elevated  35 (25,9) 6 (28,6) 29 (25,4) 

DBP  
(n; %) 

Males  Normal  65 (73,9) 7 (100,0) 58 (71,6) 0,101 

Elevated  23 (26,1) 0 (0,0) 23 (28,4) 

Female Normal 112 (83,0) 17 (81,0) 95 (83,3) 0,790 

Elevated 23 (17,0) 4 (19,0) 19 (16,7) 

HR 
(n; %) 

Males  Normal  69 (83,1) 7 (100,0) 62 (81,6) 0,213 

High 0 (0,0) 0 (0,0) 0 (0,0) 

Low  14 (16,9) 0 (0,0) 14 (18,4) 

Females  Normal  122 (91,0) 19 (90,5) 103 

(91,2) 

0,960 

High  7 (5,2) 1 (4,8) 6 (5,3) 

Low  5(3,7) 1 (4,8) 4 (3,5) 

 

 

All the male participants in the COVID-19 positive group had a normal HR, while 

COVID-19 naïve 62 (81,6%) in the COVID-19 naïve group had a normal HR and 14 

(18,4%) had a low HR. There was no significant difference between these two groups 

(p=0,213). The majority of the females from both groups had a normal HR, which did 

not differ significantly between the two groups (p=0,960) COVID-19 positive and 

COVID-19 naïve. However, female participants from the COVID-19 naïve group had 

a higher prevalence (5,3%) of an elevated HR than their counterparts from the COVID-

19 positive group. 
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Table 12 presents the mean, standard deviation of the mean and p-value of mean of 

systolic and DBP, and HR between male participants in the COVID-19 positive group 

and COVID-19 naïve group, as well as the female participants in the COVID-19 

positive group and COVID-19 naïve group. It shows that the DBP in the male 

participants of the COVID-19 naïve group was significantly higher (p=0,023) than in 

the male participants of the COVID-19 positive group. It also shows that the HR of 

male participants in the COVID-19 positive group is significantly higher (p=0,021) than 

in the male participants in the COVID-19 naïve group. This means that males who 

never had COVID-19 have a higher risk of elevated DBP, while males who had 

COVID-19 are at risk of higher HR.  

 

Table 12: Descriptive statistics on systolic and diastolic BP and HR between males 

and females in the COVID-19 positive group and COVID-19 naïve group 

Variables  COVID-19 
positive 
group 

COVID-19 
naïve group  

p-value 

Mean (±SD) Mean (±SD) 
SBP Males  118,76 (9,06) 126,38 (11,37) 0,61 

Females  115,53 (10,32) 114,10 (8,15) 0,17 

DBP  Males  69,27 (4,16) 73,52 (9,42) 0,02 
Females  73,07 (7,59) 72,61 (7,39) 0,96 

HR  Males 74,57 (4,96) 70,87 (11,46) 0,02 
Females  77,97 (13,64) 81,96 (12,47) 0,58 

 

4.5.3. Prevalence of obesity 
 

Table 13 displays the prevalence of high BMI in individuals who were diagnosed with 

COVID-19. Amongst 88 (39%) male participants, 61 (69,3%) had a normal BMI, 12 

(13,6%) were underweight, and 15 (17,0%) were overweight. On the other hand, of 

the 135 (61%) female participants, 81 (60,0%) had a normal BMI, 14 (10,4%) were 

underweight, and 40 (29,6%) were overweight. The results show that there were more 

obese females (29,6%) than males (17,0%) in this study.  
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Table 13: Prevalence of a high BMI in individuals who were diagnosed with COVID-

19 

Variables  Total 
population 
(N= 223) 

COVID-19 
positive 
group 
(n= 28) 

COVID-
19 
naïve 
group 
(n= 
195) 

p-
value 

Males (n; %) 88 (39) 7 (25,0) 81 
(41,5) 

0,050 

Females (n; %) 135 (61) 21 (75,0) 114 
(58,5) 

BMI (n; 
%) 

Males  Normal  61 (69,3) 3 (42,9) 58 

(71,6) 

0,272 

Underweight  12 (13,6) 2 (28,6) 10 

(12,3) 

Overweight  15 (17,0) 2 (28,6) 13 

(16,0) 

Females  Normal  81 (60,0) 10 (47,6) 71 

(62,3) 

0,128 

Underweight  14 (10,4) 1 (4,8) 13 

(11,4) 

Overweight  40 (29,6) 10 (47,6) 30 

(26,3) 

 

In the male COVID-19 positive group, three (42,9%) had a normal BMI, two (28,6%) 

were underweight, and two (28,6%) were overweight. While in the male COVID-19 

naïve group, 58 (71,6%) had normal BMI, 10 (12,3%) were underweight and 13 

(16,0%) were overweight. These results shows that there is a risk of 28,6% for males 

with high BMI after COVID-19 infection, but it was statistically insignificant (p=0,272). 
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In the female COVID-19 positive group, 10 (47,6%) had normal BMI, one (4,8%) was 

underweight, and 10 (47,6%) were overweight. While in the COVID-19 naïve group 71 

(62,3%) had a normal BMI, 13 (11,4) were underweight, and 30 (26,3%) were 

overweight. These results show that there is no difference in risk of being normal or 

obesity in females after COVID-19 infection. These findings might not be accurate 

because of the low sample size of the COVID-19 positive compared to the COVID-19 

naïve group.  The p-value displayed by Table 13 is p=0,128 which means there is no 

statistical significance. 

 

Table 14: Descriptive statistics for BMI of males and females in the COVID-19 

positive and COVID-19 naïve group 

Variables  COVID-19 
positive 
group 

COVID-19 
naïve group 

p-value 

Mean (±SD) Mean (±SD) 
BMI Males  23,067 (6,149) 21,668 (3,696) 0,223 

Females  24,954 (5,412) 23,643 (5,535) 0,640 

 

Table 14 displays the mean, standard deviation of mean and p-value of mean of BMI 

between male participants in the COVID-19 positive group and COVID-19 naïve, as 

well as female participants in the COVID-19 positive group and COVID-19 naïve 

group. There were no statistically significant differences noted for the BMI between 

the two male groups (p=0223) and the two female groups (p=0,640) (p=0,640). 

 

4.6. Correlation of oxygen-carrying capacity and risk factors of COVID-19 
 

The Pearson correlation analysis was run between oxygen-carrying capacity 

parameters (Hct and Hb) and the investigated COVID-19 risk factors for males and 

females. The correlation was run for males in the COVID-19 positive group against 

males in the COVID-19 naïve, and for females in the COVID-19 positive group against 

females in the COVID-19 naïve group. 
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Table 15: Pearson correlation between oxygen-carrying capacity parameters and 

COVID-19 risk factors in males. 

 Hct  Hb  
Pearson 
correlation 
factor (r) 

Significance 
(p-value) 

Pearson 
correlation 
factor (r) 

Significance 
(p-value) 

BG  0,038 0,722 0,047 0,661 

SBP  0,037 0,735 0,026 0,811 

DBP 0,077 0,475 0,093 0,387 

HR  -0,117 0,292 -0,092 0,410 

BMI  0.063 0,562 0,055 0,612 

     

 

Table 15 displays the correlation factors between the parameters of oxygen-carrying 

capacity and the risk factors of COVID-19 among males of the COVID-19 positive and 

COVID-19 naïve groups. For both parameters, there was a positive correlation in all 

the risk factors except for HR which had a negative correlation. There was no 

statistically significant association for all the parameters and risk factors in males. 

 

Table 16: Pearson correlation between oxygen-carrying capacity parameters and 

COVID-19 risk factors in females. 

 Hct  Hb  
Pearson 
correlation 
factor (r) 

Significance 
(p-value) 

Pearson 
correlation 
factor (r) 

Significance 
(p-value) 

BG  0,121 0,166 0,120 0,169 

SBP  0,160 0,067 0,161 0,065 

DBP 0,242 0,005 0,245 0,005 
HR  -0,014 0,875 -0,017 0,845 

BMI  -0,076 0,386 -0,073 0,406 
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Table 16 displays the Pearson correlation factors between oxygen-carrying capacity 

parameters and COVID-19 risk factor of females in the COVID-19 positive and COVID-

19 naïve group. HR and BMI had a negative correlation against Hct, while SBP, DBP 

and BG had a positive correlation. For Hb, again HR and BMI had a negative 

correlation, while BG, DBP and SBP had a positive correlation. There was a 

statistically significant association between DBP and Hct and Hb. 

 

4.7. Dietary intake of nutrients associated with anaemia. 
 

Table 17 displays the mean and p-value of iron, folic acid, and vitamin B12 consumed 

by males daily in the COVID-19 positive group and COVID-19 naïve group. There are 

no statistically significant differences for dietary iron and folic acid between the two 

groups. However, for the males the Vit B12 levels differed significantly between the two 

groups (p<0,001); with the vitamin B12 intake significantly higher in the COVID-19 

positive group than the COVID-19 naïve group. According to the RDA (Table 6), both 

groups consumed less than what is recommended for iron and folic acid, but all groups 

consumed more than what is recommended for vitamin B12.  

 

Table 17: Descriptive statistics of nutrients associated with anaemia between males 

in the COVID-19 positive and COVID-19 naïve group. 

Variable  Groups  P-value 
COVID-19 
positive  
Mean (±SD) 

COVID-19 naïve  
Mean (±SD) 

Iron  6.943 (5,768) 7,021 (6,669) 0,895 

Folic acid 90.978 (78,184) 107,036 (102,289) 0,466 

Vitamin B12 9.814 (12,240) 5,699 (5,982) 0,001 
 

Table 18 displays the mean and p-value of iron, folic acid, and vitamin B12 consumed 

by females daily in the COVID-19 positive group and COVID-19 naïve group. There 

were no statistically significant differences noted for any of the consumed nutrients 

between the two groups. However, based on the RDA values (Table 6), both groups 
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consumed less than what is recommended for iron and folic acid, and more than what 

is recommended for vitamin B12.  

 

Table 18: Descriptive statistics of nutrients associated with anaemia of females in 

the COVID-19 positive group and COVID-19 naïve. 

Variables Group P-value 
COVID-19 
positive 
Mean (±SD) 

COVID-19 naïve 
Mean (±SD) 

Iron 5,514 (3,125) 7,447 (6,405) 0,055 

Folic acid 94,923 (74,874) 121,623 (107,272) 0,066 

Vitamin B12 4,576 (4,294) 4,868 (4,739) 0,546 

 

4.8. Pearson correlation between daily dietary intake and parameters of 
oxygen-carrying capacity 

 

Pearson correlation analysis was conducted to investigate the association between 

daily dietary intake of iron, folic acid, and vitamin B12, and Hct and Hb (Table 19). 
Dietary folic acid and vitamin B12 were negatively associated with both Hb and Hct, 

while iron was positively associated. There were no statistically significant differences 

observed between the consumed nutrients and the Hct and Hb levels. 

 

Table 19: Pearson correlation of nutrients associated with anaemia and parameters 

of oxygen-carrying capacity. 

Variables  Hct  Hb   
Pearson 
Correlation 
factor (r) 

Significance 
(p-value) 

Pearson 
Correlation 
factor (r) 

Significance 
(p-value) 

Iron 0,018 0,794 0,018 0,793 

Folic acid -0,019 0.783 -0,014 0,835 

Vitamin B12 -0,027 0,691 -0,042 0,539 
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5. CHAPTER 5: DISCUSSION 
 

5.1. Introduction 
 

Chapter 5 focused on the discussion of the findings, and interpretation thereof. This 

chapter includes comparing the study’s findings with similar previous research studies, 

while paying attention to the objectives and answering the research questions outlined 

in Chapter 1.  

 

The results were discussed in the same order in which they were presented. The total 

study sample was divided into the COVID-19 positive and COVID-19 naïve groups, 

within those groups there was a group of males and another of females. The data was 

analysed, presented, and discussed comparing males from the COVID-19 positive 

group with males from the COVID-19 naïve group, as well as females from the COVID-

19 positive group to females from the COVID-19 naïve group. 

 

5.2. Prevalence of low haematocrit percentage and Hb concentration after 
COVID-19 infection  

 

The first objective of the study was to assess Hb and Hct, associated with oxygen-

carrying capacity. These factors play a vital role in transporting gases to and from 

tissues to ensure sufficient oxygenation. Therefore, any disruptions of these functions 

will alter the efficiency with which oxygen is transported, ultimately culminating in 

hypoxia and hypoxemia (Turner et al., 2023).  

 

5.2.1. Haematocrit 
 

There are conflicting reports on the effect of COVID-19 infection on Hct. Studies have 

reported haematological abnormalities after infection which could range from an 

altered morphological structure of haemocytes to haemolysis (Lazzaroni et al., 2021; 

Lechuga et al., 2023). Erythrocytes might be morphologically altered when they are 

invaded by SARS-CoV-2, which increased the risk of thrombosis (Russo et al., 2022). 

One characteristic of erythrocytes that makes it suitable to transport gases is 

deformability (Bateman et al., 2017), which decreases with COVID-19 infection leading 
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to haemolysis (Russo et al., 2022). Therefore, decreasing the volume of erythrocytes. 

The haemolysis of erythrocytes is speculated to be induced when SARS-CoV-2 binds 

to CD147 on the erythrocyte membrane and enters the cell via endocytosis (Ulrich and 

Pillat, 2020). This can lead to haemolytic anaemia which was found to be common in 

COVID-19 patients (Behl et al., 2022).  

 

The results (Table 7 and 8) of this study suggest that there is no significant difference 

(males: p=0,754; females: p=0,896) in the Hct percentage of individuals who were 

infected and diagnosed with COVID-19, and those who never were infected. This 

might mean that COVID-19 infection does not alter the concentration of erythrocytes 

and might not be associated with a decrease in oxygen-carrying capacity, which stand 

to substantiate the study by (Mohanty et al., 2014).  It was reported that COVID-19 

patients have an 80% prevalence of having persistent symptoms for approximately 

two months after the viral load (Lopez-Leon et al., 2021). The majority of participants 

in the COVID-19 positive group reported they were infected with COVID-19 in either 

2020 or 2021; therefore, based on duration of persistent symptoms, the participants 

might have fully recovered. Lenehan et al. (2021) found that Hct and Hb were 

significantly lower before COVID-19 diagnosis and during the active infection. 

 

The results might not be accurate as the number on participants within the two groups 

is not similar and lower than the ideal. The COVID-19 positive group, which consists 

of individuals who were infected and diagnosed with COVID-19, had a very low 

number of participants, and this might not be enough to be compared with a group 

with a high number of COVID-19 naïve participants. This might also mean that the 

participants are not big enough to be representative of a population.  

 

Haemoglobin is the molecule found in erythrocytes which enables the binding of 

oxygen for transportation; and an erythrocyte is nonfunctional and not fully mature 

without Hb (Mohanty et al., 2014), as such it was assumed that there might be 

positively correlated with each other. It was observed from results that most of the 

female participants had normal percentage of Hct but, most of the female participants 

also had low Hb concentration. This implies that Hct and Hb are independent variables 

of each other.  
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5.2.2. Haemoglobin  
 

COVID-19 causes hyperinflammation, brought on by a cytokine storm, that leads to 

haemolysis (Mehta et al., 2020), and it is known to attack the oxygen binding sites on 

Hb, thereby decreasing oxygen-carrying capacity (Rapozzi et al., 2021). Yao et al. 

(2023) observed significantly lower Hb concentrations in COVID-19 patients, and a 

negative correlation between Hb concentration and severe COVID-19. This 

substantiates the speculation that COVD-19 affects oxygen-carrying capacity, in this 

regard by damaging Hb and decreasing the number of oxygen-binding sites. 

 

It was observed that there was no statistical significance (male: p=0,487; females: 

p=0,721) between Hb concentration of participants who was infected with COVID-19, 

and those who were not infected. The same can be said regarding the reason for this 

observation as it was said above in 5.2.1, as persistent symptoms were speculated to 

be tenacious for approximately two months, and the participants reported to have been 

infected in 2020 and 2021. Thus, it can be argued that enough time has lapsed for 

recovery to such an extent that the Hb levels have been restored to normal. 

 

A normal Hct percentage does not guarantee normal Hb concentration, although the 

two are highly related and one can affect the others function and vice versa (Yoshida 

et al., 2019). An individual might have a high Hct but low Hb concentration. This 

phenomenon was noted in the current study where the majority of the female 

participants presented with low Hct levels, but most had normal Hb concentrations. 

Considering that they are female, there are numerous factors that could influence 

erythrocyte count such as diet, heavy menstruation and dehydration.  

 

A study by Bergamaschi et al. (2021), found a high prevalence of anaemia in COVID-

19 patients, especially those who were hospitalized. It is worthy to note that their study 

participants were of the ages between 41–65 years old, and older age is a known risk 

factor for most diseases and conditions, as such in comparison to the present study’s 

findings whose participants are mostly within the age range of 18–25 years old, the 

prevalence of anaemia may be lower. Dinevari et al. (2021) also found that there is a 

high prevalence of anaemia in the older hospitalised COVID-19 patients and was 

associated with poor COVID-19 outcomes. 
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5.3. Prevalence of diabetes, hypertension, and obesity after COVID-19 
infection. 

 

5.3.1. Diabetes  
 

Diabetes is one of the well-known risk factors for COVID-19 infection (Wang et al., 

2020). Individuals who had diabetes were accounted for having some of the more 

severe cases (Chowdhury and Anwar, 2020). It is speculated that having been 

diagnosed with COVID-19 makes individuals susceptible to developing 

hyperglycaemia and diabetes due the long-term effects of the infection (Fahed et al., 

2022). Diabetes, like hypertension and obesity, are characterised by low grade 

hyperinflammation which is also a characteristic of COVID-19 (Francisco et al., 2018). 

The invasion of the SARS-CoV-2 triggers an immune response that includes the 

stimulation of inflammatory mediators such as cytokines, resulting in a cytokine storm 

and hyperinflammation (Chowdhury and Anwar, 2020; Wang et al., 2020). 

Hyperglycaemia, leading to diabetes, can develop due to this accumulation of 

activated innate immune cells, such as macrophages and natural killer cells, through 

promotion of insulin resistance (IR) and beta cell damage (Vepa et al., 2020). 

 

In the present study all participants had normal blood glucose, therefore there was no 

individuals at higher risk of diabetes among the study sample.  There was no statistics 

computed as all participants had normal BG (Table 9). This could be due to the way 

in which participants were selected. The method of conveniently selecting participants 

made it challenging to inform potential participants to fast in the morning or 10–12 

hours before voluntarily taking part in the study. With other selection methods 

participants would’ve been given the instructions and fasting BG or postprandial BG 

would’ve been measured and easily classified. This could’ve assisted with the 

determination of the prevalence of diabetes among the participants as there are 

reports of COVID-19 patients being diagnosed with diabetes during a high viral load. 

 

A statistical significance of mean was found for BG in males who were diagnosed with 

COVID-19. Males who had COVID-19 had higher BG than males who never had 

COVID-19. This implies that males in the COVID-19 positive group are at higher risk 
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of diabetes than males in the COVID-19 naïve group, or that males with high BG are 

at higher risk of COVID-19 infection. This observation was expected as DM puts one 

at an increased risk for COVID-19. A study by Kautzky-Willer et al. (2023) reports the 

prevalence of T2D is increasing in both sexes but males are diagnosed at a young 

age and lower BMI that females. 

 

Li et al. (2020), reported that 20,8% of their hospitalised COVID-19 patients were 

newly diagnosed with diabetes, and 28,4% were diagnosed with dysglycaemia and at 

high risk of diabetes, majority being elderly. This substantiates the hypothesis that 

comorbidities may develop due to COVID-19 infection. In addition, Unsworth et al. 

(2020), reported in London, U.K., that 30 children with COVID-19 of 23 months to 16,8 

years were newly diagnosed with early onset type 1 diabetes (T1D). The risk of 

developing diabetes during hospitalisation due to COVID-19 infection is speculated to 

be provoked by various factors including bed rest and inactivity, which also results in 

disruption of glucose homeostasis (Ali Abdelhamid et al., 2016; Zahedi et al., 2023). 

Type 2 diabetes (T2D) is known to be accompanied by other cardiovascular risk factor 

such as hypertension and obesity (Vosko et al., 2023). 

 

5.3.2. Hypertension 
  

Hypertension is one of the common risk factors of COVID-19. A study by Hu et al. 

(2019) reported a prevalence of hypertension of between 15% and 25% in COVID-19 

Chinese patients, on the other hand Garg et al. (2019) reported a prevalence of 49,7% 

among hospitalised COVID-19 patients in the United States. This condition is related 

to the severity and high mortality rate among COVID-19 patients (Guan et al., 2020). 

 

The development of hypertension can be evaluated by monitoring the systolic and 

DBP. This study has found no statistically significant differences when comparing the 

prevalence of systolic and DBP males in the COVID-19 positive group and COVID-19 

naïve, as well as that of females in the COVID-19 positive group and COVID-19 naïve 

group. However, a gender disparity was noted as it was found that males had a higher 

risk of increased systolic (69,3%) and DBP (26,1%) than females. This could be that 

high BP is more prevalent in males than females, that is until after menopause then 

females have a higher prevalence than males (Yanes and Reckelhoff, 2011). This is 
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corroborated by Ntuli et al. (2015), who studied the prevalence of hypertension in the 

Dikgale population. They found that the prevalence of hypertension was slightly higher 

in males than in females. But since 94% of the participants in the study sample are 

within the ages 18–25 years, then menopause is not accounted for, but premature 

menopause is plausible. In the current study none of the female participants reported 

to be in menopause.  

 

There was statistical significance of the p-value of mean (±SD) (p=0,023) in the DBP 

between males in the COVID-19 positive group and COVID-19 naïve group. This 

implies that males from the COVID-19 positive group had higher DBP than males in 

the COVID-19 naïve group. Although there was no statistical difference or significance, 

males in the COVID-19 naïve group had a higher average SBP than males in the 

COVID-19 naïve group. Overall, this would imply that COVID-19 naïve males or males 

who were never diagnosed with COVID-19 would have higher SBP and DBP than 

males who were diagnosed. This contradicts all the studies that reported that COVID-

19 patients have high BP or are at risk of having high BP. This could be due to the 

significant difference in the number in male participants within the COVID-19 positive 

and COVID-19 naïve groups. 

 

Hypertension and cardiovascular diseases are interrelated comorbidities, along with 

diabetes (Guan et al., 2020). Therefore, the HR of participants was also included. 

There were statistically significant differences observed in the prevalence of high HR 

between males in the COVID-19 positive group and COVID-19 naïve group, as well 

as females in the COVID-19 positive group and COVID-19 naïve group. But this 

method is not the most efficient way to diagnose cardiovascular diseases as it can 

only determine the rate at which the heart beats, it is unable to determine the regularity 

of the heart beats. Even so, there was statistical significance or difference of mean 

(±SD) (p=0,021) in the HR between the males in the COVID-19 positive group and the 

COVID-19 naïve group. This implies that males who were diagnosed with COVID-19 

have a higher HR than COVID-19 naïve males. Males naturally have a lower HR 

because they have a bigger heart than females, and so there is no need for their hearts 

pump as fast as their female counterparts (Prabhavathi et al., 2014). Males are 

assumed to be more active than females, and so they would have fit heart 
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(Prabhavathi et al., 2014). The findings suggest that the infection affects the male body 

so that the heart needs to pump faster to compensate the decrease in cardiac output. 

 

After the onset of the pandemic, it was found that there was a link between the severity 

of the infection and coexisting CVDs and risk factors (Cheng et al., 2021). Using 

echocardiographic studies, Giustino et al. (2020) reported that there is an association 

between ventricular dysfunction and COVID-19. They observed that the most common 

pathologic findings in COVID-19 patients are right ventricular (RV) dysfunction 

(26,3%), followed by left ventricular (LV) wall abnormalities (23,7%), then global LV 

dysfunction at 18,4%, grade II diastolic dysfunction at 13,2%, and pericardial effusion 

at 7,2%. Another study by Tuvali et al. (2022) found that males have a higher 

prevalence of developing myocarditis or pericarditis a few days after infection, but they 

also observed similar findings in individuals who were never infected. Huang et al. 

(2020) reported that 58% of their recently recovering patients had myocardial oedema, 

fibrosis, and impaired right ventricular function. This substantiates the speculation that 

the effects of COVID-19 do linger during recovery and possibly longer.  

 

Observing only the HR, without using more efficient methods such as 

electrocardiograph (ECG) and cardiac magnetic resonance imaging (MRI), our results 

could not determine any pathologic findings amongst the study participants. However, 

it could indicate whether participants had bradycardia or tachycardia, and the 

prevalence of those conditions. But even then, this information is not enough to 

support grounded speculations on the correlation of CVDs and COVID-19. Especially, 

when considering that there are many factors that could influence an individual’s HR, 

such as anxiety.  

 

5.3.3. Obesity 
 

It was found that there is an increased prevalence of obesity in COVID-19 positive 

individuals and has been linked to worse clinical outcomes (Popkin et al., 2020).  

Popkin et al. (2020) reported an increase of approximately 48% in mortality rate of 

COVID-19 patients who were obese. High adipose tissue causes an inflammatory 

response, which results in an imbalance of T cell response and cause low-grade 
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inflammation which is a common characteristic of obesity (Frasca et al., 2022). This 

low-grade proinflammation might aggravate the hyperinflammation caused by COVID-

19 infection and further impair immunity (Frasca et al., 2022). 

 

There was no statistical significance in the prevalence of obesity among the study 

participants, but a higher number of the female participants were overweight/obese, 

than the male participants. This could be attributed to the physiological difference 

between males and females. Sex hormones play a vital role in body fat distribution 

(Frank et al., 2019). Oestrogen in females promotes increase in gluteofemoral 

subcutaneous adipose tissue (SCAT) deposits, especially during peak reproductive 

age of late teens to late 20s (Wells, 2007). On the other hand, the decline of 

testosterone in males promotes increase in abdominal visceral adipose tissue (VAT) 

accumulation (De Maddalena et al., 2012). Testosterone starts to decline after the age 

of 30 years, leading to an increase in VAT, and reaches its lowest at 70 years of age 

(De Maddalena et al., 2012). In comparison to the dominating age group (18-25 years 

old) in the current study, it can be assumed that since the female participants are within 

the reproductive age, they might have a higher BMI than the male participants who 

are well below the age of testosterone decline. 

 

There is a 28,6% prevalence of obesity in males who tested positive for COVID-19, 

but this percentage has no statistical significance when compared to males who were 

COVID-19 naïve or were never infected with COVID-19 (16,0%) but it is higher. On 

the other hand, it also indicated that 47,6% of the females who tested positive for 

COVID-19 were overweight/obese. However, it did not differ significantly when 

compared to the COVID-19 naïve group. Which, although not statistically significant, 

but it corroborates the speculation of positive correlation. A study by Singh et al. (2022) 

found that obesity significantly increases and is the risk of severity and mortality in 

hospitalised COVID-19 patients. Nour et al., 2023 reported that in the US, the 

prevalence of obesity was 11% and increased to 25% during the pandemic. The 

current study’s findings show a higher percentage. 

 

5.4. Correlation between oxygen-carrying capacity and COVID-19 risk factors 
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Pearson correlation factor was used to determine any relationship between the 

parameters of oxygen carrying capacity and the risk factors on COVID-19. A study by 

Gandhi et al. (2017) reported that a high prevalence of anaemia was associated with 

advancing age and comorbidities such as DM, hypertension, and CVDs. A study by 

Alsayegh et al. (2022) found that patients with acute coronary syndrome (ACS) have 

a prevalence of 10%–43% of developing anaemia.  

 

The correlation between male participants in the COVID-19 positive group and the 

COVID-19 naïve group, Hb and Hct was positive with all the risk factor variables, 

except for HR which had a negative correlation. This means that with an increase in 

Hb and Hct, which are the oxygen-carrying capacity parameters, there might be an 

increase in BG, BP, and BMI, but a decrease in HR. This could mean that in males, 

anaemia might not be a confounding factor of comorbidities such as hypertension, 

DM, and CVDs or vice versa, but they are commonly found in COVID-19 patients and 

associated with the severity of the infection (Tao et al., 2021). There was no significant 

difference in these correlations. High HCTHCT percentage and Hb concentration may 

cause blood vessels to constrict due to the increase in blood viscosity, which then 

increases the BP and the HR, and vice versa (Bazmandegan et al., 2023). As such, 

since SARS-CoV-2 may cause haemolysis, individuals who had COVID-19 might have 

decreased blood viscosity and have low BP and HR as a result. This was corroborated 

by Atsman et al. (2012) and Xuan et al. (2018) who reported a positive correlation 

between Hb concentration and BP. 

 

Table 16 shows that in the correlation between female participants in the COVID-19 

positive group and COVID-19 naïve group, Hb and Hct had a positive correlation with 

all the risk factor variable except for HR and BMI, which had a negative correlation. 

This implies that BP and BG increase with the increase of Hb and Hct, but there will 

be a decrease in BMI and HR. This could mean that in females, anaemia could not be 

risk factor for hypertension or DM and vice versa, but anaemia could be a risk factor 

for abnormal HR and obesity. The only relation is that COVID-19 infection has the 

potential to cause anaemia and the risk factors of COVID-19 in patients. 

 

The risk factors for anaemia include nutritional deficiency of iron, B vitamins and folic 

acid, as well as chronic inflammation, parasitic infections, and congenital conditions 
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(Deivita et al., 2021). Chronic inflammation is a characteristic of DM, obesity, and 

hypertension (Francisco et al., 2018), so it is possible that an individual with any of 

these comorbidities is at risk of anaemia due to the chronic inflammation. Therefore, 

it could be speculated that there should be a negative correlation between Hb and Hct 

and the comorbidities. However, the leading cause of anaemia worldwide is iron 

deficiency (Deivita et al., 2021), but this still does not rule out the other possible risk 

factors. 

 

5.5. Daily dietary intake  
 

Inadequate dietary intake is associated with the risk of anaemia (Wang et al., 2015), 

which is commonly determined by monitoring Hb concentration (Paramastri et al., 

2021). As previous studies have speculated and proved the association of COVID-19 

and low Hb and Hct resulting in anaemia. The dietary intake assessment was included 

in this study to eliminate deficiency as a confounding factor of discrepancies with the 

results. A study by Litton and Lim (2019), reported high serum ferritin, which is an iron-

storage protein, but low serum iron in COVID-19 patients within three days of 

admission, which placed patients at high risk of becoming anaemic. 

 

The findings of this study (Table 17, 18 and 19) show a positive association of iron 

and Hb, as well as Hct, but a negative association of folic acid and vitamin B12 in 

participants who had COVID-19 and those who were never infected. The association 

of iron could substantiate the findings of other COVID-19 studies with similar results, 

especially since the COVID-19 positive group had a lower average iron concentration 

than the COVID-19 naïve group. But in this regard, it shows that the COVID-19 positive 

group consumed less dietary iron than what is recommended, and thus cause iron 

deficient anaemia. This could be the cause of low Hb and Hct. 

 

Although folic acid and vitamin B12 are vital nutrients for a functional Hb molecule, the 

findings of this study show an inverse association implying that the fewer of these 

nutrients are consumed the higher the Hb and Hct. It could be said that these variables 

are independent to the parameters of oxygen-carrying capacity, as they don’t seem to 

affect the outcome of Hb and Hct. The consumed vitamin B12 was above the RDA, but 
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still negatively associated with the parameters. Anaemia that is caused by vitamin B12 

deficiency and folic acid deficiency increases with age and is less prevalent in the 

younger population irrespective of their dietary intake (Haris and Bhattacharya, 2022), 

which might be the reason for the negative correlation. 
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6. CHAPTER 6: CONCLUSION LIMITATIONS AND RECOMMENDATIONS 
 

Chapter 6 focuses on concluding the discussed findings and answering the research 

questions outlined in chapter 1. The study limitations and recommendations are 

included. 

 

6.1. Conclusion 
 

The aim of the study was to investigate the effects of long-COVID with regards to 

oxygen-carrying capacity in the population of Mankweng, Limpopo province, South 

Africa. This was determined by assessing factors associated with oxygen-carrying 

capacity such as Hb; evaluating data on the risk factors for COVID-19; and assessing 

daily dietary intake of iron, folic acid, and vitamin B12. 

 

The study sample of this study had no statistical significance between the COVID-19 

positive group and COVID-19 naïve. Most of the participants had normal Hct and Hb 

in both groups. The Hct mean was higher than Hb mean, showing that they are 

independent variables regardless of their related function. This is not substantiated in 

COVID-19 studies that found significant association between these factors and 

COVID-19 infection. 

 

The findings showed no statistical significance in the prevalence between the factors 

associated with oxygen-carrying capacity and BG. Random glucose tests were 

conducted, and all participants had normal BG below 11.1 mmol/L (Mathew et al., 

2023). However, there was statistical significance of mean (p=0,003) for BG in males 

between the two groups which showed that males who were had COVID-19 had BG 

that was statistically higher than males who never had COVID-19, implying that they 

might be at risk of diabetes. This was expected since T2D increases the risk of 

infection, and it supports other studies that had similar results.  

 

The findings for BP and HR were statistically insignificant in the prevalence after 

COVID-19 infection, but DBP (p=0,023) of males who had COVID-19 was statistically 

higher than males who never had COVID-19, and HR (p=0,021) of males who never 
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had COVID-19 was statistically higher than that of males who had COVID-19, which 

negates the speculation of correlation between BP and HR with and Hb and Hct. There 

was no statistical significance found for BMI among participants in the COVID-19 

positive group and COVID-19 naïve group. This negates studies that found COVID-19 

patients having higher BMI than individuals who never had it. But there was a 

prevalence of obesity in females of 47,6% after COVID-19 infection. It was speculated 

that the inflammation caused adipose tissue will aggravate the inflammation caused 

by COVID-19 and therefore compromise the immune system making them more 

vulnerable, similarly with diabetes and hypertension.  

 

The findings showed that the participants consumed less than the RDA for iron and 

folic acid but consumed more than the RDA for vitamin B12. As such, it is possible that 

some participants were anaemic due to deficiency of these nutrients. This implies that 

low Hct and Hb might be due to the deficiency of iron and folic acid. 

 

The aim of this study to investigate the effects of long-COVID with regard to oxygen-

carrying capacity was achieved in some cases where it was observed that oxygen-

carrying capacity is affected by COVID-19 risk factors. But there were some limitations 

that was disadvantageous to the study, such as the amount of time that has passed 

since the study participants had COVID-19. As it was found that long-COVID can last 

up to approximately two months, most of the participants who have been previously 

diagnosed with COVID-19 do not have long-COVID. 

 

The results of this study bridged the knowledge gap of the period long-COVID might 

be experienced. They could be applied in the health sector as new variants of CoVs 

are still being discovered. They could also be used to direct the focus of prevention 

and treatment as the population that might be at higher risk has been clarified. The 

participants of the study were given immediate feedback about their BP, BG, Hct, and 

Hb, and made them more informed about their health without financial loss. Future 

studies might provide more information which will help with developing medication to 

mitigate the spread and ways of managing possible infection and long-COVID-19. This 

study can assist in directing researchers on what to focus on for the future. 
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6.2. Limitations  
 

• This was a case-COVID-19 naïve cross-sectional study, progression could not 

be investigated from time of infection until total recovery of COVID-19, and 

beyond. 

• The sample area was dominated by black people, as such there is a lack of 

diversity among the study sample, this can be changed by choosing a more 

diverse research area to sample participants.  

• Convenient sampling was used to select participants and made it impossible to 

instruct participants to fast before glucose test. 

• There was no way of determining honesty of the details on the administered 

questionnaires as all information was word of mouth without the provision of 

proof to what was said. 

• The food frequency questionnaire assessment was quite lengthy which resulted 

in some participants leaving before completing. The questionnaire needs to be 

shortened or the way of administering them needs to be changed. 

• Some participants were afraid of needles and therefore did not participate in 

the parts of the study that required a finger prick.  

• The number of participants in the COVID-19 naïve group was too small to be 

representative of the population in Mankweng which made concluding difficult. 

For future studies, it would be advisable have almost the same number of 

participants in the control and experimental group for valid comparisons. 

• Participants were trusted to be honest about with all given information, including 

COVID-19 status, without providing proof. Sampling participants from a health 

institution will be beneficial as the information will be valid and will even be 

specific on how long it has been since infection. 

• The exclusion and inclusion criteria can be improved to either eliminate some 

of the factors on the list of to add on depending on what future studies will be 

investigating. 

 

6.3. Recommendations  
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• Make the study a longitudinal study, which make it possible to investigate all 

the objectives using one group of participants over a period of study how they 

recover and investigate the cause of reinfection. 

• Adding spirometry to study will assist to investigate how lung function is affected 

by COVID-19, and how they improve with recovery. 

• Adding ECG can show how cardiac function is affected and can be studied 

extensively. 

• This study can be conducted using animal models that will allow investigators 

to study the same participants before infection and after infection, as well as 

through recovery, if it is ethically possible. 

• Choosing a research sample area that is more diverse to include different 

ethnicities and eliminate race bias. 

• Measuring serum iron, folic acid, and vitamin B12 will help determine 

concentrations of these nutrients to determine anaemia. 

• Future studies can replace blood glucose with HbA1c as it gives blood glucose 

of three months. 
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