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ABSTRACT 

Background: Metabolic syndrome (MetS) is amongst the underlying causes of 

mortality and morbidity globally. However, lifestyle habits such as frequent 

consumption of sugar-sweetened beverages (SSBs) contributes to its onset. The 

study was aimed at investigating the association between MetS and SSBs intake 

among Ellisras rural youth. Additionally, to find the best obesity indices to predict 

MetS. 

Methods: The current study included a total of 593 Ellisras rural youth, aged 22 to 

30 years (289 males and 304 females). Anthropometric measurements, blood 

pressure (BP), and biochemical assessment were taken using standards 

procedures. A validated 24hrs recall questionnaire and food manuals were used to 

collect SSBs data. Binary logistic regression was applied to determine the 

association between SSBs intake and MetS components for the adjusted model.  

Confirmatory factor analysis was used to test the best single-factor models to predict 

MetS on commonly selected obesity indices. 

Results: The SSBs quartile 4 was associated with a high risk of high fasting blood 

glucose (FBG) for adjusted (OR=2.32; CI=1.15-4.70; p<0.05) and unadjusted 

(OR=2.34; CI=1.16-4.73; p<0.05) models were a significant linear trend (p for 

trend=0.049) in males was found. Low risk of reduced high density lipoprotein 

cholesterol (HDL-C) was associated with the second and fourth SSBs quartiles for 

unadjusted ((OR=0.40; CI=0.18-0.85; p<0.05; OR=0.37; CI=0.13-0.80; p<0.05) 

respectively and adjusted model (OR=0.40; CI=0.18-0.85; p<0.05; OR=0.37; 

CI=0.17-0.80; p<0.05) respectively in females. Moreover, the fourth SSBs quartile 

was likely to decrease the risk of high triglycerides (TG) for unadjusted (OR=0.12; 

CI=0.01-0.87; p<0.05) and adjusted (OR=0.10; CI=0.01-0.83; p<0.05) models were 

the significant linear trend (p= trend 0.006) was observed also in females. There was 

a significant linear trend association between SSBs quartiles consumption and high 

TG in males and high waist circumference (WC) in females, but logistic regression 

analysis didn’t depict any significant association (p>0.05). In males, single model fit 

built based on WC (comparative fit index (CFI)=1.00; turker lewis index (TLI)=1.05; 

RMSEA=0.00; akaike information criterion (AIC)=-2680) and waist to height ratio 
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(WHtR) (RMSEA=0.00, CFI=1.00; AIC=-2662, TLI=1.05;) suggested a better fit index 

as compared to body mass index (BMI) and neck circumference (NC). Among 

females, a single model fit built on NC obtained a better fit index (RMSEA=0.05, 

CFI=0.90,  and AIC= -429.21, TLI=0.71).  

Conclusion: In this study, there was an association between SSBs consumption 

and some MetS components (high TG, reduced HDL-C, and high FBG). Obesity 

indices including WHtR, NC, and WC were the best predictors of MetS. Future 

studies are recommended to further investigate the association of the risk of MetS 

and the consumption SSBs and the best obesity indices to predict MetS to assist in 

efforts to help curb MetS and related risk factors in rural areas of South Africa.   

Key concepts: metabolic syndrome, obesity indices, rural, area; sugar-sweetened 

beverages; South Africa; youth. 
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1.1. PROBLEM STATEMENT 

Globally the prevalence of metabolic syndrome (MetS) is increasing, and this is also 

noticed in African countries (Oldewage-Theron and Egal, 2018). Both in low- and 

middle-income countries MetS was reported to be responsible for 1.9 million deaths 

among adults (WHO, 2015). This is of significant concern since persons with MetS 

were reported to have an increased risk of developing cardiovascular diseases 

(CVDs) and type 2 diabetes mellitus (T2DM) (Gundy, 2008; Statistics SA, 2015). A 

significant body of evidence shows poor lifestyle choices and modifiable risk factors 

such as physical inactivity, high sodium intake, high alcohol intake, tobacco smoking 

and high intake of sugar-sweetened beverages (SSBs) (Imamura et al., 2015; WHO, 

2017; WHO, 2018) as the leading contributory factors for the onset of MetS.  

Sugar-sweetened beverages are beverages that contribute to excess energy in the 

body and provide little nutritional value (Tugendhaft et al., 2016). South Africa (SA) 

was ranked seventh globally in sugar consumption with SSBs sales doubled from 3.0 

to 6.0 billion litres annually between 2002 and 2016 (Manyema et al., 2016; Koo and 

Taylor, 2012; Euromonitor, 2015). Of great concern is that an increased in SSBs 

consumption is paralleled by an increase in risk factors of non- communicable 

diseases (NCDs) including MetS (Deshpande et al., 2017, Malik and Hu 2019). 

Sugar-sweetened beverages are readily absorbable, addictive and increase 

postprandial glucose levels, hence suppressing satiety (Avena et al., 2008; Malik 

and Hu 2019). Consequently, this may encourage over intake thereby promoting the 

accumulation and deposition of abdominal fat which might increase the risk of 

obesity (Akram and Hamid, 2013; Malik and Hu, 2019). Additionally, sugars in SSBs 

have a high glycaemic index (GI) which may result in β-cell dysfunction that may 

promote insulin resistance and inflammatory biomarkers which increases the risk of 

T2DM (Malik et al, 2013, Liu et al., 2002). In the Ellisras area, the risk of MetS as a 

result of lifestyle was studied thus far (Sekgala et al., 2018). No study has reported 

on the association between the consumption of SSBs and MetS in this area nor rural 

South African youth to clarify this risk. 
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1.2. MOTIVATION 

The MetS is a group of interrelated metabolic disorders that doubles the burden and 

progression of CVDs and T2DM (Alberti et al., 2009). Consequently, these metabolic 

abnormalities increase the chances of morbidities and eventually mortality (Misra, 

2018). The WHO. (2015) reported that each year, both low- and middle-income 

countries MetS is responsible for 1.9 million deaths in adults. Several studies 

indicate that MetS is linked with modifiable risk factors (Freely and Norris, 2009; 

Deshpande et al, 2017; Pérez-Martínez et al., 2017). 

There is a growing body of evidence that demonstrates poor lifestyle choices and 

modifiable risk factors such as high salt and excessive alcohol intake, physical 

inactivity, as well as high consumption of SSBs as leading contributory factors of 

MetS development (Freely and Norris, 2009; WHO, 2017). Sugar-sweetened 

beverage consumption is increasing at an alarming rate as an important source of 

added sugar globally (Voster et al., 2014; Malik and Hu 2019; Audain et al., 2019). 

This is no exception to SA where many households are still experiencing hunger and 

food insecurity resulting from a high unemployment rate (Erzse et al., 2019, Okop et 

al., 2019).  

Moreover, SA is predominantly constituted by  large numbers of young people 

(Erzse et al., 2019). As a result, the growing SSBs market targets these individuals 

(children, adolescents, and youth) through various means of advertisement (Rudd, 

2010; Kumar et al., 2015; Brownbill et al., 2018). Therefore, this explains why there 

is a high intake of SSBs among these individuals (Malik et al., 2013; Voster et al., 

2014). The high unemployment rate was stated as the driving force for purchasing 

cheaper unhealthy food rich in energy (Voster et al., 2014, Nnyepi et al., 2015). Of 

significant concern, is that poor dietary habits or unhealthy lifestyle choices might 

result in serious adverse metabolic health effects (Winpeny et al., 2017). 

The prospective study of a duration of 6 years and follow up has reported that an 

increase in SSBs consumption was associated with the risk of MetS and its four 

components (Barrio-Lopez et al., 2013). Those four MetS components include 

hypertriacylglycerolaemia, impaired fasting glucose, high blood pressure, and central 

obesity (Barrio-Lopez et al., 2013). Notably, high consumption of SSBs does not only 

increases the risk of MetS but as well as other risk factors associated with the 

https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Keiron%20Audain%20&eventCode=SE-AU
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disruption in glucose and lipid metabolism (Knopp et al., 2005; Malik and Hu 2019). 

Those risk factors include gout, cancers, diabetes, non-alcoholic fatty liver (NAFL) 

diseases, CVDs, obesity, and high uric acid levels to name a few (Knopp et al., 

2005; Malik and Hu, 2019). In contrast, a Korean cross-sectional study, a higher 

SSBs consumption (≥1 serving/day) was not associated with MetS including its 

components (Shin et al., 2018). Therefore, screening of health risk factors using 

obesity indices could help identify adverse metabolic health outcomes and help 

resolve the inconsistencies reported. 

A little has been reported on this association in rural youth’s dwellers in Limpopo 

province of South Africa and in the Ellisras area, only the risk of MetS as a result of 

lifestyle (Sekgala et al., 2018) has been studied thus far. 

1.3. AIM AND OBJECTIVES 

1.3.1. AIM: 

The study aimed to investigate the association between MetS with SSBs intake. 

Furthermore, to identify the best obesity/anthropometric indices to predict MetS 

among Ellisras rural youth aged 22 to 30 years. 

1.3.2. OBJECTIVES: 

The objectives of the study are to: 

I. Determine the prevalence of SSBs using a 24-hr recall questionnaire amongst 

Ellisras rural youth aged 22 to 30 years. 

II. Determine the prevalence of MetS components (triglyceride (TG), high density-

lipoprotein cholesterol (HDL-C), fasting blood glucose (FBG), waist circumference 

(WC), systolic blood pressure (SBP), diastolic blood pressure (DBP)) amongst 

Ellisras rural youth aged 22 to 30 years. 

III. Determine which MetS components were associated with the SSBs consumption 

amongst Ellisras rural youth aged 22 to 30 years.  

IV. Determine if there was a risk of developing MetS following SSBs intake amongst 

Ellisras rural youth aged 22 to 30 years. 
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V. Determine the best obesity indices for identifying Mets amongst Ellisras rural 

youth aged 22 to 30 years. 

VI. Determine if there was a correlation between obesity indices (body mass index 

(BMI), waist to height ratio (WHtR), waist circumference (WC), neck circumference 

(NC)) with MetS components (TG, HDL-C, FBG, WC, mid arterial pressure (MAP) 

(SBP, DBP)) amongst Ellisras rural youth aged 22 to 30 years. 

VII. Determine if there was a correlation between the consumption of SSBs and 

MetS components amongst Ellisras rural youth aged 22 to 30 years. 

1.4. RESEARCH QUESTIONS 

I. What is the prevalence of SSBs consumption amongst Ellisras rural youth aged 22 

to 30 years? 

II. What is the prevalence of MetS components (TG, HDL-C, FBG, WC, SBP, DBP) 

amongst Ellisras rural youth aged 22 to 30? 

III. Which MetS components (TG, HDL-C, FBG, WC, SBP, DBP) were associated 

with the SSBs consumption amongst ELS rural youth aged 22 to 30 years? 

IV. Will the ELS rural youth aged 22 to 30 years be at  risk of developing MetS 

following their SSBs intake?  

V. Which obesity (BMI, WHtR, WC and NC) can identify MetS amongst  ELS rural 

youth aged 22 to 30 years? 

VI. Is there a correlation between obesity indices (BMI, WHtR, WC, NC) with MetS 

components (HDL-C, FBG, WC, MAP (SBP, DBP)) amongst ELS rural youth aged 

22 to 30 years? 

VII. Is there a correlation between SSBs consumption and MetS components 

amongst Ellisras rural youth aged 22-30 years.  

1.5. HYPOTHESES OF THE STUDY 

I. Hypothesis 1: The prevalence of SSBs consumption will be high amongst Ellisras 

rural youth aged 22 to 30 years compared to other studies worldwide. 
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II. Hypothesis 2: The prevalence of MetS components (WC, FBG and HDL-C) will be 

higher among ELS rural youth aged 22 to 30 years compared other studied 

worldwide.  

 III. Hypothesis 3: All the MetS components (HDL-C, FBG, WC, SBP, DBP) will be 

associated with the consumption of SSBs amongst the ELS rural youth aged 22 to 

30 years. 

IV. Hypothesis 4: ELS rural youth aged 22 to 30 years will be at a higher risk of 

developing MetS compared to those studied in other parts of the world. 

V. Hypothesis 5: All obesity (BMI, WHtR, WC and NC) could identify MetS amongst 

Ellisras rural youth aged 22 to 30 years compared to those studied worldwide. 

VI. Hypothesis 6: All the obesity indices will be correlated with MetS components 

among Ellisras rural youth aged 22 to 30 years. 

VII. Hypothesis 7: All the MetS will be correlated with SSBs consumption among 

Ellisras rural youth aged 22 to 30 years. 

1.6. SCIENTIFIC CONTRIBUTION 

This study is aimed at providing and adding new ideas to the existing scientific 

knowledge regarding the association between the consumption of SSBs and MetS; 

and the best obesity indices better identify MetS in Ellisras youth and the world at 

large. Thus, this will add improved knowledge and enhanced understanding of the 

association and obesity indices that better identify MetS. Results of the study will be 

presented to the community with the motive to educate them on the harmful effect of 

non-communicable diseases on health. Moreover, the results might encourage rural 

youth to live a healthy lifestyle to avoid the risk of metabolic syndrome and other 

related diseases. Additionally, the result will be presented at a Faculty Research Day 

to peers, this will provide the opportunity to network and gain exposure to new ways 

of conducting research that might be more productive and beneficial for rural 

communities in South Africa.  
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1.7. STRUCTURE OF THE DISSERTATION 

1. Chapter 1 – Problems and aim of the study 

2. Chapter 2 – Literature review 

3. Chapter 3 – Materials and methods 

4. Chapter 4 – Results and Discussion 

5. Chapter 5 – Introduction, summary, conclusion, and recommendations 

6. Peer-reviewed articles published in International Journals were compiled as an 

addendum. 
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2.1. INTRODUCTION 

 

Metabolic syndrome is a cluster of abnormalities related with metabolic health that 

increases the chances of CVDs and T2DM (Alberti et al., 2009). On the other hand, 

this syndrome was reported to lack the global standard definition (Grungy, 2008; 

Alberti et al., 2009). Therefore, this has led to many organisations using different 

MetS diagnostic criteria that are based on the presence of one, two, three or all of 

the MetS risk factors (Grungy, 2008; Alberti et al., 2009). Thus, this has resulted in 

the same population having both high or low MetS prevalence or being over or 

under-diagnosed of the risk (Grungy, 2008). Indeed, this highlights the need for a 

global standard MetS definition.  

There is the growing prevalence of MetS worldwide and this is no exception to 

African countries and South African rural areas. Sekgala et al. (2018) reported the 

prevalence of MetS to be 23.1%, with males being 8.6% and females being 36.8 % 

in the Ellisras rural area. The growing prevalence of MetS might have resulted from 

westernisation, advancement in technology, and urbanisation which have caused a 

huge impact on the nutritional transition (Nnyepi et al., 2015; Tugendhaft et al., 

2016).  

The nutritional transition had not only impacted the epidemiological transition but 

also promoted the adaptation to a western diet (WHO(a), 2018). The western diet is 

characterised by a high consumption of alcohol, high saturated fats intake, high salts 

intake, and high sugar consumption particularly in the form of SSBs (Chen et al., 

2018; WHO(a), 2018; Kopp, 2019). Sugar-sweetened beverages are a major source 

of added sugar and contain small or no nutritional content (Manyema et al., 2016; 

Hernandez-F et al., 2021).  

Nowadays, in rural settings of SA, it is popular for the consumption of SSBs because 

of the expansion of supermarkets and spaza shops into informal urban and rural 

areas (Tugendhaft et al., 2016). This factor fuels SSBs availability, easy access, 

purchase ,therefore, increased consumption (Voster et al., 2014; Tugendhaft et al., 
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2016). According to Okop et al. (2019) consumption of SSBs in rural adults of South 

Africa have increased between 2005 and 2010 ranging from 33 to 63% for women 

and 25 to 56% for men. Moreover, it has been reported that the SSBs market targets 

mostly adolescents and youth (Brownbill et al., 2018). Of significant concern is the 

association of increased consumption of SSBs with adverse metabolic health 

outcomes (Imamura et al., 2015). 

Various studies have reported the link between the risk of MetS and high 

consumption of SSBs (Barrio-Lopez et al., 2013; Manyema et al., 2014; Seo et al., 

2019). Of note, high consumption of SSBs not only increases the risk of MetS but in 

addition other risk factors associated with the disruption of metabolic health function 

and regulation. Therefore, screening of health risk factors and assessment of dietary 

intake (SSBs) is significant in identifying adverse health outcomes and those at early 

stages or at increased risk of developing MetS. Furthermore, researching about this 

matter could help add improved knowledge and create informed awareness of the 

health risk factors of a high consumption of SSBs. And this might promote the 

practice of living healthy lifestyles which is significant in reducing health 

complications associated with MetS and ensuring healthy rural communities.  
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2.2. METABOLIC SYNDROME 

Metabolic syndrome is the grouping of interconnected metabolic health abnormalities 

that include high TG, reduced HDL-C, high BP, excess WC, and high FBG (Alberti et 

al., 2009). Other metabolic abnormalities such as prothrombotic state, 

proinflammatory state, sleep apnea and NAFL disease also add to the components 

and complications of MetS (Kassi et., 2011). Metabolic syndrome is the driving force 

of CVDs and T2DM and doubles their progression and risk (Gundy, 2008). Its 

prominent basic underlying risk factors are abdominal obesity and insulin resistance 

(Kassi et al., 2011).  

Various organisations define MetS differently using different diagnostic criteria that 

are either constructed on the occurrence of one, two, three or all the MetS 

components. The World Health Organisation (WHO) definition of Mets is constructed 

on insulin resistance which is the major determinant of MetS used for diagnosis 

together with any two or more additional components (Grungy, 2008). The National 

Cholesterol Education Programme Adult Treatment Panel III (NCEP: ATP III) 

requires the occurrence of any three of the five defining MetS components (Alberti et 

al., 2009). The American Association of Clinical Endocrinologists (AACE) definition 

considers elevated BP, impaired glucose tolerance (IGT), obesity, elevated TG, and 

reduced HDL-C (Alberti et al., 2009) but was not precise on the required number of 

diagnosing criteria to be used (Parikh and Mohan, 2012).  The European Group for 

Study of Insulin Resistance (EGIR) is an amendment of the WHO definition which 

uses elevated plasma insulin (> 75th percentile) plus any other two of the MetS 

components (Parikh and Mohan, 2012). The International Diabetes Federation (IDF) 

had issued a global consensus definition for MetS which focused on the race and 

gender of a population and its essential component which is abdominal obesity and 

any two of the MetS components (Parikh and Mohan, 2012). The Joint Interim 

Statement is the statement released in 2009 by IDF in conjunction with other various 

organisations, it considers any three of the five defining MetS components (Alberti et 

al., 2009) The commonly used criteria for the estimation of the prevalence of MetS in 

most systematic reviews, meta-analysis (Faijer-Westerink et al., 2020) and 
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epidemiological studies (Grungy, 2008) are the NCEP: ATP, WHO, IDF JIS. See 

Table 2.1: Definition of MetS by various organisations. 
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Table 2.2.1: Definition of metabolic syndrome by various organizations. 

  (Parikh and Mohan, 2012) NCEP ATP III (2001) Parikh 
and Mohan, 2012) 

Parikh and Mohan, 
2012) 

AACE (Grundy et al., 
2004) 

EGIR (Parikh and 
Mohan, 2012) 

JIS (Alberti et al., 2009) 
Statement 

Essential Components Insulin resistance Central obesity Central obesity None Insulin resistance any three of the below 

Clinical Measurers       

Insulin resistance Insulin resistance is defined 
as IGT, IFG, T2DM or ↓ 
hyperinsulinemia, euglycemic 
conditions and any two that 
follows below 

None but any three of the 
subsequent three/ more 
features below 

None None Raised plasma insulin 
(>75th percentile) plus 
any two that follows 
below 

None 

Bodyweight Males: waist to hip ratio 
>0.90; females: waist to hip 
ratio >0.85 and/or BMI >30 
kg/m

2
 

WC ≥102 cm in men or ≥88 
cm in women 

Increased WC (ethnic 
and gender-specific) 
and any of the 
following two features 

BMI ≥ 25kg/m
2 

 WC ≥ 94 cm among  
men and ≥80 cm 
among women 

Increased WC 
(population-specific 
and gender-specific) 

Lipids TG ≥150 mg/dL (≥1.7 
mmol/L) and/or  

High TG ≥150 mg/dL High TG ≥1 50 mg/dL or 
history of treatment for 
lipid abnormality 

High TG ≥ mg/dL (1.69 
ml/L) 

Raised TG ≥ 150 mg/dL Elevated ≥ 1.7 mmol/L 
or drug treatment for 
elevated TG 

↓ HDL-C <35 mg/dL (<0.9 
mmol/L) for men or <39 
mg/dL (1.0 mmol/L) for 
women 

 ↓ HDL-C <40 mg/dL among 
men or <50 mg/dL among 
women 

↓HDL-C <40 mg/dL in 
men or <50 mg/dL in 
women or history of 
treatment of lipid 
abnormality 

↓ HDL-C <40 mg/dL 
(1.04 mmol/L) men & 
<50 mg/dL (1.29 
mmol/L) 

↓ HDL-C both for men 
and women 

↓HDL-C (1.0 mmol/L) 
for males and 1.3 
mmol/L or drug 
treatment for ↓HDL-C 

Blood pressure Antihypertensive 
medication/≥140 Hg≥ systolic 
90 mm 

≥130/85 mm Hg  High ≥130 mm Hg systolic 
or ≥85 mm Hg diastolic or 
on hypertension 
treatment 

≥130/85 mm Hg ≥140/90 mm/Hg/ 
Antihypertensive 
treatment 

≥130 mm/ ≥85 Hg or 
antihypertensive 
treatment 

Glucose IGT, IFG, or T2DM ≥110mg/dL (includes diabetes) ≥100 mg/dL or previously 
diagnosed with DM2 

Between 110 and 126 
mg/dL 

Elevated Plasma 
glucose, IFG or IGT 

Elevated FBG (≥ 5.5 
mmol/L) or treatment 
thereof 

Other Microalbuminuria 
urinary albumin excretion 
rate ≥ 20 µgm/minute or 
albumin/creatine ratio ≥ 30 
μgm/mg. 

 Proinflammatory state and 
prothrombotic state 

 None Sedentary Lifestyle, 
advanced age, Polycystic 
ovary syndrome, history 
on the Family/Ethnic 
group /elevated risk of 
type 2 diabetes, 
hypertension, or CVD, 

None None 
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↓=reduced; IFG=impaired fasting glucose; IGT= impaired glucose tolerance; TG= 

triglycerides; HDL-C= high-density-lipoprotein-cholesterol; WC= Waist 

circumference; BMI=body mass index; T2DM= type 2 diabetes mellitus. 

Table 2.2.2: The ethnic group, age, and gender-specific WC cut-offs are 

suggested below by various organisations and researchers:  

Ethnic group Waist circumference cut off 

points 

References Age 

Male Female 

Caucasians >94 cm–102 

cm 

>80 cm–88 

cm 

(Han et al., 1995; 

WHO, 2000) 

20–59 

years 

Europids >94 cm >80 cm (Alberti et al., 2006; 

Zimmet and Alberti, 

2006) 

- 

South Asians, 

Chinese and 

Japanese 

>90 cm >80 cm  (Alberti et al., 2006; 

Zimmet and Alberti, 

2006) 

- 

Americans >102 cm >88 cm  (NCEP, 2001) - 

Africans >91 cm >84 cm  (Hoebel et al., 2013) 24-45 

years 

 

2.2.1. The effect of using different metabolic syndrome definitions 

The effect of using different MetS criteria might result in over or underestimating the 

risk of MetS in a population being diagnosed because when two or more criteria are 

used the prevalence might be higher or lower or comparable. In the systematic 

reviews and meta-analyses conducted by Faijer-Westerink et al. (2020) in sub-

Saharan Africa, when the JIS criterion is used the prevalence was higher (23.9%) 

but when WHO was used the prevalence tended to be lower (11,1%), moreover 

when the IDF and the NCEP-ATP III definition was used comparable findings were 

found (18.0% and 17.1%) respectively. A similar trend was reported in the Northwest 

Ethiopia study focusing on patients attending Tertiary hospitals where when the IDF 

and NCEP-ATP III definition was used the prevalence of MetS was 53.5% and 66.7 

respectively (Biadgo et al., 2018). In the Ellisras rural area, the prevalence of MetS 
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was 10% when the JIS was used; 11.2% with the IDF definition and 7.9% with the 

ATP III definition meanwhile among females the MetS prevalence was 25% when 

the JIS was used, 21.2% with the IDF definition and 16, 8% with the ATP III definition 

(Sekgala et al., 2018). However, when the WHO definition was used the prevalence 

appeared to be 59.1% (Sekgala et al., 2018).  

The Joint Interim Statement is a combination of various criteria from different 

organisation thus, it clears off the use of many criteria, reduces inconsistencies and 

also it specifies the gender and the race of a population (Alberti et al., 2009). And 

hence, it will be used in the current study to define MetS. Of significant concern is 

that the cut of points of waist circumference from the white population is used for 

sub-Saharan Africa (SSA) due to limited data in the harmonised definition (Gradidge 

and Crowther, 2017).  

According to Gradidge and Crowther. (2017) the WC of African women is higher thus 

the use of the current cut off waist circumference may not be suitable. Moreover, 

though the WC is used widely as the simplest and alternative index for screening, it 

has limitations that it cannot be used in overweight/obese individuals as it is affected 

by inhalation and fullness (distention of the abdomen) (Saka et al., 2014; Tal et al., 

2019) Therefore, this explains why numerous reports have proposed ideal cut-off 

values for all men and on black South African women (Motala et al., 2011; Peer et 

al., 2016). 

2.2.2. Prevalence of metabolic syndrome 

Globally 

Globally there is alarming rise in MetS prevalence (Oldewage-Theron and Egal, 

2018) with an estimation of 20-25% among the adult individuals (Alberti et al., 2006). 

In the United State of America (USA), a cross-sectional study by Hirode and Wong. 

(2020) reported a MetS prevalence of 19.5% among those aged 20-39 years and 

48.6% in those aged 60 years and above when NCEP: ATP III criteria was used. 

Moreover, the prevalence was reported to be higher among Hispanic white (36.3%) 

compared to Asian individuals (36.0%) (Hirode and Wong, 2020).  
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Africa 

A few studies have reported on the prevalence of MetS in African countries 

(Solomon and Mulugeta, 2019; Faijer-Westerink et al., 2020) although other regions 

indicated higher incidence. Southern Africa was reported to have the highest 

prevalence, where it was followed by East Africa, West Africa and Central (Faijer-

Westerink et al., 2020). South Africa was reported to have the increased prevalence 

of MetS than other African countries including Tunisia, Ethiopia, and Nigeria 

(Oldewage-Theron and Egal, 2018).  

South Africa 

South Africa is a diverse country with different ethnic groups, socio-cultural 

backgrounds, socio-economic statuses, and technological development and these 

might result in a difference in the prevalence of MetS (SALC, 2015). In the Free 

State (FS) province, the prevalence of MetS was reported to be 15% among 

pregnant women attending antenatal care clinics at a tertiary hospital (Baloyi and 

Mokwena, 2020). In the Eastern Cape (EC) province, Buffalo city municipality, it was 

reported to be 21.8%; with 15.6% being males and 24.8% being females (Owolabi et 

al., 2017), in the Western Cape (WC) province, Boland district, the prevalence of the 

MetS among women (46.3%) was higher compared to men (29.3%) (Kruger and 

Nell, 2017). In Kwa-Zulu Natal (KZN) province, Ubombo district, the prevalence of 

MetS was reported to be 22.1%, higher in women (25.0%) than in men (10.5%) 

(Motala et al., 2011). In the Limpopo province, Ellisras rural area, Sekgala et al. 

(2018) reported the prevalence of MetS to be 23.1%, with males 8.6% and females 

36.8 %. 

Risk factors associated with metabolic syndrome encompasses both the non-

modifiable and modifiable risk factors are indicated in Figure 2.2.4.3. 

2.2.3. Non-modifiable risk factors 

2.2.3.1. Age 

Age is emerging as an important underlying risk factor that is implicated in the 

aetiology of many diseases including MetS (Grundy et al., 2004; Wu et al., 2017). In 

a recent study by Saklayen. (2018) MetS prevalence was reported to increase with 

age. Another study conducted in the USA reported a higher prevalence of MetS 

especially in individuals aged 60 and above years compared to those aged 20-39 
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years (Hirode and Wong, 2020). Of concern is that the presence of one component 

of MetS early in life increases the risk of development of MetS and CVDs later in life 

(Nolan et al., 2017).  In essence, ageing is correlated with increased risk of MetS 

progression which however depicts a linear relationship (Motala et al., 2011). This 

could be attributed to the fact that ageing is coupled with changes in metabolic 

processes and deterioration in the function of the body (Van Beek et al., 2016). 

According to the study conducted in an urban area of Cape Town, the peak age at 

which one can develop MetS is 55-64 years in women and 65-74 years amongst 

men (Peer et al., 2016). 

2.2.3.2. Gender 

Disparities have been reported about differences in the prevalence of MetS in both 

genders (Kruger and Nell, 2017; Solomon and Mulugeta 2019), thus gender plays an 

important role in exposing individuals to different risk factors. This might be rooted in 

the definition of the MetS where the WC and HDL-C of both men and women differ 

(Alberti et al., 2009). In many studies, the prevalence of MetS was reported to be 

higher in females than in males (Kruger and Nell, 2017; Solomon and Mulugeta 

2019). However, a cross-sectional study from the USA reported contradicting 

findings where a higher prevalence of MetS was reported in males than in females 

(Hirode and Wong, 2020). Moreover, it was reported that below the age of 50 years, 

the prevalence of MetS is higher in males than in females and after the age of 50 

years the prevalence seems to be higher in females than in males (Kuk and Ardern, 

2010; Pucci et al., 2017). The difference in the prevalence of MetS in females 

concerning age might be attributed to the fact that ageing in females is accompanied 

by the decrease in the concentration of the hormones that offer protection against 

cardiometabolic diseases especially after reaching menopause (Kuk and Ardern, 

2010). 

2.2.3.3. Region 

The prevalence of MetS was reported to be higher in urban areas than in rural areas 

of developing countries (Saklayen, 2018; Faijer-Westerink et al., 2020). A Chinese 

study also reported a higher incidence of MetS in an urban area 8 to 10.6% than in a 

rural area 4.9 to 5.3%. This was supported by the study by Peer et al. (2015) who 

also reported a higher prevalence of MetS among the urban black population 

compared to the rural population. Misra and Khurana. (2008) explained that this 
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could be attributed to changes in lifestyle habits that are associated with 

urbanization, such as increased energy intake and reduced physical activity (Misra 

and Khurana, 2008). Faijer-Westerink et al. (2020) further explained that rural 

communities are further located away from towns and cities where urbanisation 

occurs the most. Thus, the changes in lifestyle and diseases will be observed more 

in the urban areas than in rural areas. In contrast, the study based in the USA 

reported that rural areas had a higher prevalence of MetS than in urban areas 

(Trivedi et al., 2013). The differences could have resulted in the fact that developing 

countries including SA are experiencing a gradual rise in epidemiological transition 

resulting from nutritional transition whereas the USA has been experiencing the 

transitions for a longer period now (Dalal et al., 2011).  

2.2.3.4. Heredity/Genetics 

The genetic material was also reported to have a huge impact on the development of 

MetS where genetic factors were addressed in linkage studies, genome-wide 

association studies and multiple candidate gene association studies (Stancakova 

and Laasko, 2014; Zafar et al., 2018). However, most studies typically investigated 

the combination of individual MetS components instead of MetS per se because of 

its complexity (Stancakova and Laasko, 2014). A linkage study conducted among 

2467 subjects, 387 families and 1082 subjects from sibship provided evidence for 

linkage on chromosome 2. In this study, clustering of MetS-related phenotype that 

was found on chromosome 2 compromised of serum uric acid, homeostatic model 

assessment index, subscapular skinfold, HDL-C, BMI, WtHR, plasminogen activator 

inhibitor-1 antigen (Tang et al., 2003; Stancakova and Laasko, 2014). Moreover, a 

total of 157 loci were reported to be associated with lipids and lipoprotein levels, 

where 71 loci were related to the levels of HDL-C and 39 of them were related to TG 

(Willer et al., 2013) which are all risk factors of MetS. 

2.2.4. Modifiable risk factors  

2.2.4.1. Lifestyle factors 

Lifestyle factors are factors such as physical inactivity, psychological stress, alcohol 

intake, smoking, socioeconomic status, and diet (MRC, 2006). These factors 

contribute to the development of different individual MetS components. 

 Smoking 
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Studies have reported evidence on the association of smoking and MetS (Sun et al., 

2012; Slagter et al., 2013) especially among active smokers had who had a 26% 

increased risk of MetS compared with non-smokers. This probably resulted from the 

consumption of smokeless tobacco (snuff) which is more popular in females (Gupta 

et al., 2013). Audrain-McGovern et al. (2011) and Ridker et al. (2003) further 

indicated that possible association might result from nicotine within cigarettes which 

stimulate hormones that are linked with increased levels of an inflammatory 

biomarker such as C-reactive protein.  

 Alcohol 

While some studies reported beneficiary effects of alcohol in reduction of CVDs 

especially when it is consumed in light or moderate amounts (Pérez-Martínez et al., 

2017) other studies reported an increased risk in MetS when consumed in large 

amounts (Park et al 2003; Schroder et al., 2007; Taylor et al., 2009). The correlation 

between alcohol intake and MetS results from the adverse effect that alcohol 

probably has on BP, TG and HDL-C concentration, insulin sensitivity and abdominal 

obesity (Schroder et al., 2007; Taylor et al., 2009; Perez-Martinez et al., 2017). In the 

Ellisras rural area, binge alcohol drinking was not significantly associated with MetS 

but only with its component HDL-C (Monyeki et al., 2020). 

 Physical activity 

Physical activity is regarded as one of the significant preventive measures for 

diseases (Myers et al., 2019; Zaiac-Gawlak et al., 2021). This mostly results from its 

ability to protect against cardiometabolic risk factors (Myers et al., 2019). It was 

reported that long term regular exercise lowers the risk of MetS, particularly in 

concentrations of TG and increases HDL-C concentration (Zaiac-Gawlak et al., 

2021). In contrast, Turi et al. (2016) reported that participants with lower levels of 

physical activity in leisure time were likely to have the occurrence of 

hypercholesterolemia, diabetes mellitus and metabolic syndrome. 

 Diet  

Diet emerges as the most significant mediator of nutrition-related chronic diseases 

globally (WHO(b), 2018). Diet plays an important role in providing essential nutrition 

and energy in the body, but it was also reported to be one of the root contributors to 
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the progression of non-communicable diseases (Chen et al., 2018; Kopp, 2019). 

However, the intake of western diet disrupts energy balance resulting in either 

nutrient excess/ deficiency, metabolism dysregulation, inducing cellular stress which 

is linked with various risk factors of MetS (Cordain et al., 2005; Chen et al., 2018). 

Evidence from experimental trials and observational studies has indicated that 

regular consumption of SSBs contributes to the rising prevalence of overweight and 

obesity which is significantly linked with the onset of metabolic diseases (Hu, 2013; 

Imamura et al., 2015). 

2.2.4.2. Obesity and metabolic syndrome  

 Body composition 

Body composition is defined as the distribution and quantity of muscle and the other 

compartment of adipose tissue. 

 

 

 

Figure 2.2.4.2.1: The compartment of body composition and how increased body fat 

can cause overweight/obesity (Heymsfield and Cefalu, 2013). 

Obesity is defined as the abnormal or excessive accumulation of fat which may 

impair health (Sorrie et al., 2017) that results from a disruption in energy balance 

(Hall et al., 2012). The WHO defines overweight as BMI of ≥ 25 kg/m2 and obesity as 

BMI of ≥30 kg/m2 (WHO(b), 2018). Obesity was indicated to be the reason behind 

the increasing prevalence of MetS and the number of non-communicable diseases 
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such as T2DM, many kinds of cancers, hypertension, heart diseases and high 

cholesterol-related diseases (WHO(a), 2018). Obesity is multifactorial but childhood 

and adulthood poverty, physical activity, dietary behaviour, genetic susceptibility and 

attitude towards obesity (Faber and Kruger, 2005; Steyn and Mchiza, 2014; Okop et 

al., 2016; WHO(a), 2018) etc were also among the factors responsible for its onset. It 

has become a worldwide pandemic with projected 1.3 billion overweight or obese 

adults by 2030 (Kelly et al., 2008). In SA, people living in urban areas were reported 

to be at increased risk of obesity and related disorders, however, this was more 

evident in black South African women compared to men and the corresponding white 

population (Puoane et al., 2002). Okop et al. (2016) also reported that black African 

women living in urban townships and some rural communities are the most affected 

by obesity. Balgoon et al. (2019) reported that in the Kingdom of Saudi Arabia, 

female students with BMI ≥25 kg/m2 had an increased risk of developing MetS. 

However, a study conducted among South African women found the association 

between decreased abdominal subcutaneous fat with a higher risk of MetS 

(Gradidge, 2017). 

 Types of methods to assess body composition 

Measurements or assessments of body composition can help determine the health 

status of an individual or population. The quantity and distribution of fat in the body 

may be a significant indicator of health risk (Ackland et al., 2012). Therefore, precise, 

and reliable methods are required to accurately measure body composition (Ackland 

et al., 2012).  

Other various techniques that have been proposed to assess body fat such as 

anthropometric/obesity indices which are inexpensive, non-invasive, widely, and 

easily used in both epidemiological and clinical research studies (Sen and Mondal, 

2013; Shrestha, 2018). These anthropometric/obesity indices are known to be the 

best determinants of metabolic health complications such as insulin resistance, 

hypertension, dyslipidaemia, CVDs and MetS (Fan et al., 2016; Alziedan et al., 

2019).  They include BMI, WC, NC and WHtR which were reported to have both 

strengths and limitations (Luo et al., 2017; Tal et al., 2019).  

Body mass index was reported to be a good indicator of overall obesity and known to 

correlate positively with metabolic conditions but at the same time, it cannot 
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discriminate between fat mass and fat-free mass (Shrestha et al., 2018; Tal et al., 

2019). Both WC and WHtR are normally used as the simplest and alternative indices 

to assess central/abdominal obesity and are known to precisely reflect the visceral 

fats which are strongly linked to metabolic complications (Fan et al., 2016; Shrestha 

et al., 2018). The WC was reported to invade participants privacy, affected by 

fullness (distention of the abdomen after meals) and inhalation (Tal et al., 2019) 

whereas WHtR still requires more validation and research (Baioumi, 2019).  The NC 

emerges as a promising and relevant technique to measure fat distribution due to its 

simplicity and ability to identify measures of MetS (Alzeidan et al., 2019). Moreover, 

NC was found to correlate positively with BMI, WC, WHtR in identifying measures of 

MetS however, is not suitable for persons with goitre (Luo et al., 2017, Patil et al., 

2017).  

Other advanced technologically techniques or methods to measure body fat include 

magnetic resonance imaging, dual-energy x-ray absorptiometry (DXA) and 

computed tomography (CT), bioelectrical impendence (BI) (Rodrigues et al., 2001, 

Kuriyan, 2018). These techniques were also reported as an excellent indicator of 

total and regional body adiposity (Rodrigues et al., 2001; Kuriyan, 2018) and 

excellent screening tool for cardiometabolic risk (Amato et al., 2013). However, their 

limitation lies in that they may not be applicable in large population studies because 

they are expensive, time-consuming, requires highly skilled and trained personnel to 

operate them and most are used in a laboratory environment (Wagner and Heyward, 

1999; Rodrigues et al., 2001; Amato et al., 2013).  

On the other side, skinfold methods are widely used and have high accuracy in 

assessing adipose tissue (Pérez-Chirinos Buxadé et al., 2018). Though it was also 

reported to inaccurately measure obese individuals, it was also indicated to have a 

strong correlation with other techniques such as magnetic resonance imaging (MRI), 

BI (Pérez-Chirinos Buxadé et al., 2018) ultrasound (Amato et al., 2013; Kuriyan, 

2018) to accurately estimates actual body fat.  

2.2.4.3. Type 2 diabetes mellitus and metabolic syndrome 

Type 2 diabetes mellitus is characterised by the weakening of the β=cell dysfunction 

resulting from programmed cell death, increased apoptosis, and reduction in cell 

mass (Inaishi and Saisho 2020). However, this results in hyperglycaemia because of 
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the reduced insulin action or insulin secretion (Cerf, 2020). Its major pathophysiology 

factor is thought to be insulin resistance; however, apoptosis was also reported to be 

its major risk factor (Tomita, 2016). Moreover, T2DM is multifactorial thus it can also 

result from defective insulin secretion, obesity-associated insulin resistance (Tomita, 

2016). Both nutritional transition and advancement in technology were reported to 

increase the prevalence of T2DM in Africa (Audain et al., 2019). In SA the 

prevalence of T2DM was reported to be 5.5% (Bradshaw et al., 2007). It has been 

projected to rise by 41.4 million rates by 2035 (Zhang et al., 2010) in Africa. Type 2 

diabetes mellitus is also reported as an important underlying factor of MetS (Tomita, 

2016). However, MetS, in turn, is one of the risk factors for T2DM and both double 

the risk of patients acquiring atherosclerotic and CDVs complications (Einarson et 

al., 2018). It was indicated that MetS is very common in individuals with T2DM, and it 

is associated with micro-and macrovascular conditions (Pheiffer et al., 2018). 

Oftentimes, T2DM is undiagnosed, and this tends to aggravate CVDs risk (Pheiffer 

et al., 2018).    

2.2.4.4. Hypertension and metabolic syndrome 

Hypertension is elevated BP within the arteries and is defined as 140/90 mmHg 

(WHO, 2013). Hypertension is one of the most imperative modifiable risk factors of 

CVDs (Jongen et al., 2019) its prevalence was reported to be the highest in both SA 

and other low-and middle-income countries (Jongen et al., 2019). Globally, 18% of 

deaths are attributable to blood pressure, followed by raised blood glucose, and 

overweight and obesity (Lim et al., 2012). The prevalence of hypertension in SSA 

ranges from 25.4% to 41.1% being men and 27.2 % to 38.7 % being women 

(Gebreyes et al., 2018). The same study observed a higher prevalence of 

hypertension in urban areas compared to rural areas which seem to increase with 

age. Similar findings were also reported in Nigeria with higher hypertension 

prevalence rates of 32.7% for urban residents and 12.9% for rural dwellers. 

According to the South African National Survey (SANS), the prevalence rate of 

hypertension was 18% men and 13% women (He and MacGregor, 2007). 

Hypertension causes are also multifactorial ranging from lack of physical activity, 

alcohol consumption, high salt intake, being overweight (Jongen et al., 2019). 

Jongen et al. (2019) further explained that the high prevalence rate of hypertension 

is attributed to low awareness (19.0%-56.0%) and control (4.0-33.0%). However, it 

https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Keiron%20Audain%20&eventCode=SE-AU
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was reported that improved knowledge of hypertension was associated with 

enhancing compliance to the usage of antihypertensive medication and disease 

control (Busari et al., 2010; Boateng et al., 2017).  

The MAP is another parameter to measure hypertension after SBP and DBP. It is 

defined as the average of SBP and DBP influenced by cardiac output and systematic 

vascular resistance throughout one cardiac cycle (Sesso et al., 2000). The MAP was 

reported to be of great importance compared to SBP because of its vital role in 

maintaining proper organ perfusion (Vedel et al., 2016; DeMers and Wachs, 2021). It 

is therefore important to maintain MAP at a minimum of 60 mmHg to ensure 

sufficient perfusion of vital organs (DeMers and Wachs, 2021) since any deviation 

whether below or above 60 mmHg for a prolonged period can result in life-

threatening conditions. The life-threatening conditions include blood clots, heart 

attack, stroke, consciousness, ischemia, infarction and leading to neural death 

(Vedel et al., 2016). The MAP was reported to be used extensively in clinical settings 

to offer information regarding diagnoses of hypertension from the calculated SBP 

and DBP readings (DeMers and Wachs, 2021). The MAP can be calculated using 

the following equation (Sesso et al., 2000): 

MAP = DBP + 1/3 × (SBP − DBP). 

 2.2.4.2. Dyslipidaemia and metabolic syndrome 

Dyslipidaemia is described as raised blood lipids levels such as TC, low-density 

lipoprotein cholesterol (LDL-C), TG and HDL-C, apolipoprotein A and apolipoprotein 

B above optimum levels (Anderson et al, 2013; Ntusi, 2018). Dyslipidaemia is also 

among the major modifiable risk factor of CVDs (Ntusi, 2018). The WHO reported 

the prevalence of raised total cholesterol among adults to be 39% (≥5.0 mmol/L), 

with 40% being females and 37% being males (WHO, 2008). In SA, Gauteng 

province, a retrospective study was conducted among black patients attending Dr 

George Mukhari Hospital (Khine and Marais, 2016). A significant burden and high 

prevalence of dyslipidaemia were reported amongst these patients (Khine and 

Marais, 2016). Furthermore, 9% of patients were observed to have extreme 

hypercholesterolaemia (TG >12 mmol/L) and 5 % of patients were observed to have 

severe hypercholesterolaemia (TG > 7 mmol/L) (Khine and Marais, 2016). Treatment 

of dyslipidaemia was indicated to be the route that can decrease mortality and 
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morbidity of CVDs (Grundy et al., 2004). In turn, this treatment was reported to also 

benefit individuals without CVDs (Grundy et al., 2004). Furthermore, this treatment 

was reported to reduce the risk of heart diseases over five years by 30% (Grundy et 

al., 2004). The most common lipid in West Africans and African Americans with MetS 

was low HDL-C with normal TG levels (Sumner et al., 2010). It was reported that 

elevated plasma triglycerides levels, reduced HDL-C, and increased proportion of 

small dense LDL-C particles were linked with excess visceral adipose tissue 

accumulation (Blaton, 2007). This suggests that overweight and obesity may be 

important markers of dyslipidaemia. Moreover, both MetS and dyslipidaemia may be 

used as a screening tool for CVDs since they are both primary risk factors (Blaton, 

2007).  

 

 

Figure 2.2.4.3: The modifiable and non-modifiable risk factors of metabolic 

syndrome (Grundy et al., 2004). 
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2.2.5. Models used to predict metabolic syndrome 

The goodness of fit is a model that makes use of discrepancy measures or some fit 

statistics that include deviance, residuals of chi-square to compare the observed 

data with the expected data (Kery and Royle, 2016). On the other hand, confirmatory 

factor analysis (CFA) tests if models fit the data (Alhija, 2010). The CFA is mostly 

applied when one wants to measure new and existing measures, to develop new 

measures and contrast validity, to test measurements invariance across groups or 

populations and examine the effect of the model (Harrington, 2009). The major 

important role of the CFA is evaluating the connection between the 

observed/indicators variables and unobserved/latent variables (Harrington, 2009). In 

the current study, CFA is used to test the MetS single-factor models as defined by 

TG, FBG, MAP on selected obesity indices that include WHtR, WC, NC, BMI. In this 

regard, the MetS variable is treated as an unobserved or latent (unknown) variable 

where variables such as TG, FBG and MAP are used to identify it (Pladevall et al., 

2006; Hu and Bentler, 1999). Additionally, the CFA was reported to be sensitive to 

sample size thus it depends on other factors such as Akaike’s information criterion 

(AIC), comparative fit index (CFI), turker lewis index (TLI), goodness-of-fit index 

(GFI) and root mean square of approximation (RMSEA) to assist in how well the 

model fits the data (Hu and Bentler, 1999; Akaike, 1973). The model with the lowest 

AIC is regarded as the best model (Akaike, 1973). Consequently, a model with 

TLI>0.95, CFI>0.95 and RMSEA<0.06 is also considered a good model-data fit (Hu 

and Bentler, 1999).  

2.2.6. Recommendations for the control and prevention of the metabolic 

syndrome 

Obesity is strongly related to the disruption in energy balance (DeBoer, 2019) and 

MetS. Thus, restriction of a diet rich in energy and encouragement of increased 

physical activity could increase energy expenditure which is significant in maintaining 

a healthy and balanced body weight (DeBoer, 2019). Subsequently, this will result in 

increased insulin sensitivity thereby reducing the risk of MetS (Perez-Martinez et al., 

2017). A study by Perez-Martinez et al. (2017) further indicated that there is no 

single type of diet that can help maintain body weight or weight loss. However, the 

Mediterranean diet such as the one rich in vegetables, fruits, legumes, less red 

meat, less saturated fat to name a few was regarded to be a diet that can help 
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improve a  metabolic health profile and decrease the prevalence and incidence of 

MetS and its components (Perez-Martinez et al., 2017; DeBoer, 2019).  Risky 

modifiable lifestyle behaviour and habits emerge as a significant mediator to the 

rising prevalence of MetS (Freely and Norris, 2014; WHO, 2017). Therefore, 

stopping smoking, decrease in alcohol consumption, high consumption of SSBs, 

salts, processed food etc. should be primarily included in the intervention 

programmes to help in efforts for both prevention and treatment of MetS which in 

turn would encourage healthy lifestyle habits (Perez-Martinez et al., 2017). 

2.3. SUGAR-SWEETENED BEVERAGES 

Sugar-sweetened beverages are non-alcoholic beverages with excessive energy 

that fails to fulfil the nutritional needs of the body (Manyema et al., 2016). They are 

often available as ready to consume since little or no preparation before 

consumption is required (Hernández-F et al., 2021). They are naturally sweet, 

pleasurable, and addictive when being consumed and often results in 

overconsumption resulting from increased cravings (Avena et al., 2008; Lustig et al., 

2012).  These features are likely to disrupt the energy balance in the body which 

result from the affected satiety centres in the brain (Akhram and Hamid, 2013). They 

contain artificial flavourings, preservatives, acid, caffeine, carbon dioxide to some 

extent and sweeteners like added sugar as their major constituent (Buglass, 2014).  

Added sugars are sugars that are added by a cook to the beverages while serving at 

the table and during manufacturing or processing (Akhram and Hamid, 2013). They 

are sweetened with sucralose and aspartame, contain additives, and also exist in the 

form of syrups such as high-fructose corn syrup, glucose, sucrose, fructose, 

galactose, lactose, and maltose (Pepin et al., 2019; Solomi et al., 2019). These are 

added to provide energy and satisfy the consumers taste buds (Akhram and Hamid, 

2013). These added sugars form part of carbohydrates which is the central and 

primary source of the energy in the diet (Aller et al., 2011).  

Carbohydrates form part of the three main groups of food or macronutrients (Szalay, 

2017). They are made of sugar monomers that occur naturally which are either 

combined to form complex carbohydrates or exist as simple carbohydrates (Aller et 

al., 2011). Complex carbohydrates are carbohydrates with thousands of 

monosaccharides units bonded by glycosidic bonds to form longer chains of sugar 
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molecules (Niaz et al., 2020). They include starches (oligosaccharides and 

polysaccharides) and fibres and are normally known to provide lasting energy since 

they take time to digest (Aller et al., 2011; Clemens et al., 2016). Simple 

carbohydrates are the smallest basic units of carbohydrates that have shorter sugar 

chains thus, easy to digest (Szalay, 2017). They include monosaccharides and 

disaccharides which normally undergo the process of polymerisation to form 

complex sugars and are often called free sugars (Scapin et al., 2020). 

Monosaccharides are the simplest carbohydrate sugar molecules that are absorbed 

without being digested such as galactose, fructose, and glucose (Scapin et al., 

2020). While disaccharides are defined as the combination of two monosaccharides 

that is broken down before being absorbed such as sucrose, maltose, and lactose 

(Niaz et al., 2020). These sugars were indicated to exert different effects on hunger, 

satiety, energy expenditure and energy intake which all bring about different 

physiological effects in the body (Aller et al., 2011). 

2.3.1. Carbohydrates (sugars) that are normally added in sweetened beverages 

include: 

2.3.1.1. Glucose 

Glucose is a moderately sweet and important monosaccharide that is also known as 

dextrose (Bralow and Bralow, 2017). This sugar is the primary source of energy for 

most body tissues hence denoted as blood sugar which flows throughout the body 

(Basciano et al., 2005). It is generally preferred by red blood cells and central 

nervous system tissues particularly the brain as the source of energy (Akhram and 

Hamid, 2013). Moreover, much energy that is produced within the skeletal and heart 

muscles originates from glucose (Akhram and Hamid, 2013). All the sugar that an 

individual consumes is first converted to glucose by the body to be used immediately 

or stored for later use by the muscle cells or in the liver as glycogen (Basciano et al., 

2005). Once glucose is absorbed, it rapidly raises blood glucose because it has the 

highest glycaemic index compared to other simple sugars (Tey et al., 2017; Solomi 

et al., 2019). For the process of metabolism to be initiated, glucose depends on the 

glucokinase or hexokinase enzyme (Basciano et al., 2005). Shortage of glucose 

stimulates the process of gluconeogenesis to produce glucose from the liver 

(Akhram and Hamid, 2013).  
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2.3.1.2. Fructose 

Fructose is a highly sweet and prevalent monosaccharide that naturally occurs in 

fruits (pears, apples, mango grapes etc), honey, and agave.  Because of its sweet 

taste and attractive features, it is frequently used as a sweetener (Szalay, 2017). As 

opposed to glucose, fructose is not the preferred energy source for the brain and the 

muscle (Basciano et al., 2005). Its metabolism is indicated in figure 2.3.1 and it 

differs from that of glucose because it only takes place in the liver where the enzyme 

fructokinase is stimulated to initiate metabolism (Basciano et al., 2005). It’s a sugar 

that has minimal effect on the blood because it has the lowest glycaemic index (Sun 

and Empire, 2012). However, this is the reason why fructose has a short-term effect 

on satiety, it does not result in the suppression of orexigenic hormone and ghrelin 

hormone (Goran et al., 2015).  

2.3.1.3. Sucrose 

Sucrose, a disaccharide composed of one glucose and fructose unit each, is a 

prevalent natural sweetener typically harvested from either sugar cane or sugar 

beets and refined to a white crystalline end product (Kent, 2007; Bralow and Bralow, 

2017). Its commonly known as table sugar (Basciano et al., 2005). Sucrose is a 

disaccharide that is formed during the process of photosynthesis in plants thus, it is 

naturally found in vegetables, fruits, the sap of various plants and nectar and is 

widely used as a natural sweetener (Szalay, 2017). Sucrose is known as the most 

cariogenic sugar and it is involved in the process of dental caries. Its metabolism 

process is initiated by the enzyme fructosidase (Basciano et al., 2005). 
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Figure 2.3.1: Dietary fructose metabolism in the body (Pepin et al., 2019). 

2.3.2. Trends in sugar-sweetened beverages globally, South Africa 

Globally, the consumption of SSBs is on the rise and ranges from 9.5 gallons per 

person per year in 1997 to 11.4 gallons in 2010 (Audain et al., 2019). In the USA, 

SSBs consumption remains high, and, in some groups, it nearly exceeds the 

recommendation intakes by the WHO (WHO, 2015) of 10% daily calories and the 

Dietary Guidelines for Americans (DGA, 2015). The National Health and Nutrition 

Examination Survey (NHANES) data had issued a report between 2011 and 2014 

among USA adults (Hirode and Wong, 2020). The report indicated that the 

Americans adults consumed an average of 145 kcal/day from SSB, which 

correspond to 6.5% of their total calories. Also, excessive levels were found amongst 

non-Hispanic black and Hispanic men and women and mostly in younger age groups 

(Hirode and Wong, 2020).  

Although in the USA and other high-income countries consumption of SSBs remain 

at steady levels or declining, in the lower- and middle-income countries there is a 

gradual increase in the consumption levels (Malik and Hu, 2019).  

https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Keiron%20Audain%20&eventCode=SE-AU
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Malik and Hu. (2019) further reported that the increase is due to the growth in SSBs 

marketing and nutritional transition experienced by lower-and-middle income 

countries (Malik and Hu, 2019). This is supported by a survey of data among adults 

conducted in 187 countries (Singh et al., 2015). It was observed that the 

consumption of SSBs was higher in upper-middle countries and lower-middle-

income countries compared to low-income countries (Singh et al., 2015). Another 

observation was that in high-income countries such as the USA, lower 

socioeconomic status (SES) groups had higher levels of SSBs consumption 

compared to higher SES (Malik and Hu, 2019). Additionally, a South African study 

conducted among socio-economically disadvantaged (low-income) three 

communities, namely, two urban townships (Khayelitsha and Langa) in the WC 

province, and one rural community (Mount Frere) in the EC province (Okop et al., 

2019) found similar findings. The study reported an increase in the intake of SSBs 

(>10 servings/week) (Okop et al., 2019). These areas were reported to be most 

affected by poverty due to the high unemployment rate and being away from the 

market (Voster et al., 2014).  However, the above factors may encourage 

communities to buy non-nutritive food rich in fats, salts and sugar especially added 

sugar (Voster et al., 2014) while exposing themselves to the risk of malnutrition.  

South Africa was ranked seventh globally in sugar consumption with SSBs sales 

doubled from 3.0 to 6.0 billion litres annually between 2002 and 2016 (Koo and 

Taylor, 2012; Manyema et al., 2014; and Euromonitor, 2015). Tugendhaft et al. 

(2016) has also projected that by 2017, South African adults may be consuming an 

average of 200 ml of SSB which correspond to 6 teaspoons of sugar daily per 

person. This is of great concern since increased consumption of SSBs has been 

associated with adverse metabolic health complications (Imamura et al., 2015). The 

consumption of SSBs in rural adults of South Africa has increased from 2005 and 

2010 and ranging from 33 to 63% for women and 25 to 56% for men (Okop et al., 

2019). However, Essman et al. (2021) reported a decrease in the intake of taxed 

beverages by 9.0 g (31%), 39 kcal (33%), and 117 ml (37%) per capita per day, 

respectively. But the intake of untaxed beverages increased by 5.3 g (36%), 30 kcal 

(29%), and 339 ml (58%) per capita per day, respectively (Essman et al., 2021). This 

indicates that the taxing of SSBs can play a very important role in reducing adverse 

health effects associated with the intake of SSBs in SA. 
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In SA, most data on SSBs consumption are on children and adolescents as opposed 

to youth, adults, and elders (Temple and Steyn, 2013). A descriptive study survey 

based in Cape Town (CT) conducted among 9–13 school-aged children reported 

increased carbonated drinks consumption. A daily 730 g consumption of carbonated 

drinks which is equivalent to a sugar intake of 40-80 g each day was observed 

among school-age children (Louwrens et al., 2010). Another study conducted in the 

EC and WC province among 6-9-year children reported consumption of sugar 

between 22 g and 57 g respectively (Temple and Steyn, 2013). In adolescents and 

adults (above 10 years) sugar consumption in the urban area of South Africa was 

stated to be 12.3% of total energy intake, which is over > 10% of total energy intake 

recommendation by WHO (WHO, 2015). MacIntyre et al. (2012) also found that men 

who had a high consumption of added sugar, also consumed more soft drinks, fruits 

and bread, whereas women who had a high consumption of added sugar consumed 

more soft drinks and bread. This suggests that SSBs are taken in between or with 

meals which is worrisome. 

The Cardiovascular Risk Study in Black South Africans (CRIBSA) conducted a study 

among urban adults aged 18–60 years living in four CT townships also provided 

valuable data on dietary sugar (Jaffer et al., 2011).  The study reported that men 

consumed roughly 52g/day, while women consumed 51g/day in the youngest group 

while 38 g/day of dietary sugar was consumed in the oldest group. In this regard, the 

above reports show very limited recent data on SSBs or added sugar, especially in 

rural youth or youth generally. It shows that in the future, SSB consumption trends 

might probably change and be parallel to that of high-income countries especially in 

rural areas (Tugendhaft et al., 2016). This might result from an adaptation to the 

western diet in this setting because of nutritional transition (Tugendhaft et al., 2016 ).  

Moreover, it suggests that the variability in the consumption of sugar might be raised 

by factors such as socioeconomic status, the desire to eat healthy, gender and age 

(Temple and Steyn, 2013). It also remains  controversial whether the consumption of 

SSBs is higher among females or in males. 

Frequently consumed sources of added sugar in South Africa amongst other things 

in both rural and urban areas include sweetened squash/ concentrates (to which 

water is added), carbonated/soft drinks, 100% fruit juice, tea and coffee with either 

full cream milk or powdered milk added (Nel and Steyn, 2002; Temple and Steyn, 
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2013; Ronguest-Ross et al., 2015). Another South African study on street food and 

drinks, has found carbonated drinks to be the second commonly purchased SSBs 

after fruit juices (Ronguest-Ross et al., 2015).  

In a South African study conducted among university students, carbonated soft 

drinks and juice concentrates were reported to be most frequently consumed where 

one-third of juice concentrate was consumed daily while 29.5% of carbonated soft 

drinks were consumed on weekends (Narain et al., 2017; Nakhooda and Wiles 2020; 

Keller et al., 2020). Nakhooda and Wiles. (2020) indicated price and preference for 

sweetness as the factors that promote the purchase and increased consumption of 

SSBs.  

2.3.3. Association of sugar-sweetened beverages and metabolic syndrome 

Discrepancies have been reported on the association between SSBs consumption 

and MetS. Association between high consumption of SSBs and MetS was reported 

by (Narain et al., 2017). Additionally, the SUN prospective study of 6 years duration 

also reported that an increase in SSBs consumption was associated with the risk of 

developing four of the five defining criteria of MetS such as central obesity, high 

blood pressure, hypertriacylglycerolaemia and impaired fasting glucose (Barrio-

Lopez et al., 2013). By contrast, Pienovi et al. (2018) did not find an association 

between total consumption of certain SBs and MetS but only found an association of 

MetS component WC at the intake above 400 mL/d of SSBs, but not for 

hypertriglyceridemia, low low-density lipoprotein, high blood pressure, or high fasting 

glucose. Supporting findings were also observed in the Korean cross-sectional 

study, where higher SSBs consumption (≥1 serving/day) was not associated with 

MetS including its components (Shin et al., 2018). 

Observational studies showed that not all types of SSBs are associated with the risk 

of developing MetS (Imamura et al., 2015; Imamura et al., 2019). This has been 

reported in previous substitution studies that have shown that substituting SSBs with 

water, milk, artificially-sweetened beverage (ASB), plain tea or coffee for SSBs was 

associated with a lower risk of weight gain, obesity and T2DM (de Koning et al., 

2011; Pan et al., 2013; Zheng et al., 2015; Imamura et al., 2019). A study conducted 

in Costa Rica had reported a positive relationship between a reduction of 29% risk of 

MetS after a decrease in SSBs consumption and substitution with fresh fruit juice 

https://www.sciencedirect.com/science/article/pii/S0091743519304530?casa_token=DSFMKZnDcbcAAAAA:hPCyUKcfiEB1iWMm21XPp1-kNnY8GCF4ATOcKCG0VmPy3ea152r2tHUcrAMq_4_iaK2XWG1oTuzA#bb0085
https://www.sciencedirect.com/science/article/pii/S0091743519304530?casa_token=DSFMKZnDcbcAAAAA:hPCyUKcfiEB1iWMm21XPp1-kNnY8GCF4ATOcKCG0VmPy3ea152r2tHUcrAMq_4_iaK2XWG1oTuzA#bb0085
https://www.sciencedirect.com/science/article/pii/S0091743519304530?casa_token=DSFMKZnDcbcAAAAA:hPCyUKcfiEB1iWMm21XPp1-kNnY8GCF4ATOcKCG0VmPy3ea152r2tHUcrAMq_4_iaK2XWG1oTuzA#bb0115
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(Pienovi et al., 2018). Baliunas et al. (2009) and Jiang et al. (2014) also reported that 

adults who consume 2-3 daily servings of coffee or tea were more likely to 

experience a reduction of 15-25% risk of T2DM across 8 European populations. It 

has been reported that fruit juice, water, milk, plain tea or coffee consists of various 

bioactive compounds such as vitamins, folate, minerals, potassium, antioxidants, 

and anti-inflammatory effects which are well known to protect against diseases 

(Higashi et al., 2009).  

2.3.4. Association, mechanism of sugar-sweetened beverages with individual 

metabolic syndrome components 

2.3.4.1. Sugar-sweetened beverages and type 2 diabetes mellitus 

Evidence from several studies has shown the role of SSBs in the aetiology of T2DM 

(Malik and Hu, 2012; Malik and Hu 2019). Malik and Hu. (2012) indicated that 

individuals consuming one or two SSBs daily had a 25% increased risk of T2DM 

development. Additionally, Malik and Hu. (2019) in a meta- observed that one 

serving of SSBs per day was associated with increased risk of T2DM. Malik et al. 

(2010) and Liu et al. (2002) had indicated a possible pathway through which large 

quantities of SSBs consumption led to T2DM. The possible pathway involves the β-

cell dysfunction which results in glucose intolerance, insulin resistance and 

inflammatory biomarkers (Malik et al, 2010; Liu et al., 2002). Moreover, sugar 

molecules contained in the SSBs were also reported to cause rapid blood glucose 

spikes due to moderate to a high glycaemic index (Atkinson et al., 2008; Tey et al., 

2017; Solomi et al., 2019). It must be noted that this occurs independently of weight 

gain or obesity (Malik et al., 2010; Weeratunga et al., 2014). Consequently, lowering 

SSBs intakes should become the  public health focus to help reduce the increased 

risk of T2DM (Bleich et al., 2018).  

2.3.4.2. Sugar-sweetened beverage and obesity 

Clear evidence has been provided on the association between obesity and SSBs 

(Malik and Hu 2019). Sugar-sweetened beverages act on the brain to promote 

overconsumption by initiating the action of the hormone ghrelin (hunger hormone) 

and inhibiting the hormone leptin that is responsible for the feeling of fullness (Lustig 

et al., 2012; Akhram and Hamid, 2013). Sugar-sweetened beverages usually contain 

little or no nutritive value (vitamin and minerals, fibres etc) to compensate for the 

added calories consumed, thus will result in extra calories in the body (Manyema et 
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al., 2016). Moreover, oftentimes SSBs appears appealing and tasty and has little 

satiety thus will promote overindulgence resulting also in increased energy intake 

(Temple and Steyn 2013). 

Glucose is one of the constituents of SSBs that have a high GI (Akhram and Hamid, 

2013) thus consumption of SSBs will increase blood sugar activating the insulin 

hormone to promote its uptake by the body cells (Lustig et al., 2012). However, this 

action normally causes the blood sugar to drop increasing hunger and encouraging 

an over intake of food or beverages (Malik and, Hu 2019). Similar to glucose, 

fructose also forms part of the SSBs constituent, however, it does not trigger the 

hormones involved in controlling food or beverage intakes but promotes the process 

of lipogenesis which results in accumulation and deposition of triglycerides in the 

abdomen (Sun and Empire. 2012; Herman and Samuel, 2016). 

 

A study conducted by Okop et al. (2019) on South African adults living in resource-

poor communities has reported an increase in body weight following SSBs 

consumption. It was reported that adults who consumed an average of 10 servings 

of SSBs per week were found to have a relative weight gain in follow up of 4-5 years. 

A similar finding was also reported in the Tehran Lipid and Glucose Study were the 

―participants in the higher SSBs quartile had a 35% higher risk of abdominal obesity 

(OR:1.35, 95%:1.12-1.61) and 22% higher risk of general obesity (OR: 1.22, 95% CI: 

1.00–1.48) compared with those in the lowest quartile of SSBs consumption 

(Mirmiran et al., 2015). This indicates that actually, weight gain results from a 

disruption in energy balance especially from increased energy intake of sugar in 

SSBs which is strongly implicated in the onset of obesity (Temple and Steyn, 2013). 

In contrast, according to Kaiser et al. (2013) and Poppit. (2015) no association 

between SSBs intake and weight gain was reported. However, this remains 

inconclusive and warrants further investigation. 

This suggests that sugar causes weight gain mostly as a result of increased energy 

intake and less energy expenditure. This means, sugar, especially in SSBs, is 

strongly implicated in obesity onset therefore reducing its intake can help prevent 

obesity and related conditions, which include T2DM, CVDs and cancer of the colon 

and breast (Essman et al., 2021).   
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2.3.4.3. Sugar-sweetened beverages and hypertension 

Fructose is the only sugar molecule contained in the SSBs which triggers the 

production of uric acid in the liver (Lustig et al., 2012) through the depletion of 

adenosine triphosphate (ATP) (Johnson et al., 2009). This usually takes place when 

the intake of fructose surpasses the capacity of the liver to release lactate and 

glucose for a prolonged period in the muscle (Tappy and Rosset, 2017). Therefore, 

the production of the uric acid in the liver might result in the reduction of the 

endothelial nitric oxide which as well might be involved in the link between SSBs and 

coronary heart diseases (CHD) (Richette and Bardin, 2009; Richette et al., 2014; 

Malik and Hu, 2019).  

Subsequently, hyperuricemia is the mediator of the association between SSBs 

consumption and hypertension through endothelial dysfunction also by activation of 

the renin-angiotensin system, vascular oxidative stress, and renal disease 

development (Richette and Bardin, 2009; Richette et al., 2014). This was reported in 

the animal experiments and clinical trial studies, that high sugar consumption, 

especially fructose, may result in acute and chronic elevations of serum uric acid 

concentrations (Feig, 2012). Thereby leading to activation of the renin-angiotensin 

system, which consequently further reduces nitric oxide production (Feig et al., 2006; 

Feig et al., 2008).  

Moreover, hyperuricemia is correlated with the progression of gout (Choi and 

Curhan, 2008) subsequently, both hyperuricemia and gout are implicated in the 

development of hypertension, T2DM, kidney disease, NAFLD, dyslipidaemia, CVDs 

and MetS (Nakagawa et al., 2005; Richette et al., 2009; Richette and Bardin, 2009) 

as shown in figure 2.3.4. On the other hand, reduced nitric acid production which is a 

vasodilator is associated with elevated blood pressure (Perez-Pozo et al., 2010). 

Additionally, elevated fructose molecules might promote sodium and water 

reabsorption, this action enhances the activity of the sympathetic nervous system 

(Komnenov et al., 2019). 

Additionally, sex hormones were reported to play a role in the development of 

hypertension. Oestrogen was reported to play a role in activating the protein kinase c 

pathway which is responsible for vascular smooth muscle relaxation and contraction 

(Ebbeling et al., 2012). However, this might increase nitric oxide production 
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(Ebbeling et al., 2012) and the activation of the renin-angiotensin system which both 

are involved in increasing blood pressure leading to the onset of hypertension. Maris 

et al. (2005) conducted a study in male and female rats and fed them with fructose 

for 9 weeks. It was observed that female sex hormones were protective against 

hypertension or hyperinsulinemia (Maris et al., 2005). This may in part explain why 

young females are less likely to develop hypertension. 

 Although a significant body of evidence reported an association between high intake 

of SSBs and hypertension through various mechanisms (Brown et al. 2011; Kim et 

al. 2012; Malik et al. 2014), it remains uncertain if the association only results from 

the SSBs consumption or other mechanism. High salt intake accompanied by a high 

intake of SSBs was also one of the proposed mechanisms for the association of 

hypertension and high consumption of SSBs (He et al. 2008; Grimes et al., 2013). 

However, in the multicentre randomised study, it was reported that a reduction in the 

consumption of SSBs and sugars resulted in a reduction in BP levels (Chen et al., 

2010). 
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Figure 2.3.4: The fructose and its associated risk factors (Richette and Bardin, 

2009). 

2.3.4.4. Sugar-sweetened beverages and dyslipidaemia 

Studies have reported that excessive SSBs consumption adversely affects blood 

lipids (Akhram and Hamid, 2013; Goran et al., 2015; Xi et al., 2015). An adverse 

change in lipoprotein concentration such as elevated TG and HDL-C was reported to 

be associated with regular consumption of SSBs such as sodas and fruit juice which 

is simultaneously related to increased incidence of dyslipidaemia (Haslam et al., 

2020). The liver is a tissue where fructose metabolism occurs. When consumed in 

moderate amount, fructose molecule is converted into glucose, lactate, and fatty 

acids to serve as a source of energy for body cells (Sun and Empire, 2012). 

Meanwhile, when consumed in excess, it likely results in increased atherogenic 

dyslipidaemia, insulin resistance and hepatic de novo lipogenesis. This occurs when 

hepatic lipids increase the production and secretion of very-low-density lipoprotein 

(VLDLs) resulting in accumulation of VAT and deposition of ectopic fat (Stanhope 

and Havel, 2008; Teff et al., 2009). This might result in elevated concentration of 

postprandial triglycerides and small dense LDL-C cholesterol and decreased levels 

of HDL-C (Akhram and Hamid 2013; Goran et al., 2015; Xi et al., 2015) 

Similar to hypertension, SSBs showed the possibility of influencing the development 

of dyslipidaemia also through sex hormones which exhibit different effects in both 

genders. The possible explanation could result from the difference in hormonal 

response and disease implication following consumption of SSBs (Knopp et al., 

2005). In females, oestrogen stimulates the renin-angiotensin system which is 

responsible for increasing the levels of TG levels and lipoprotein following 

consumption of SSBs thus resulting in fat transportation in the blood (Knopp et al., 

2005). In males, androgen (testosterone) has a different effect compared to 

oestrogen, it stimulates adipose tissue to enhance the deposition and accumulation 

of visceral fat thereby causing insulin resistance which may lead to T2DM and 

dyslipidaemia over time (Knopp et al., 2005; Yao et al., 2018).     

2.3.4. Mechanism of sugar-sweetened beverages and metabolic syndrome. 
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Table 2.3.4: The pathways in which monosaccharides and disaccharides may cause 

the development of metabolic syndrome (Malik and Hu 2019). 

2.3.5. Recommended level or daily intake level for sugar-sweetened beverages 

Sugars are part of the carbohydrates and form an important part of our diet. The 

Institute of Medicine (IM) instructs that 25% of sugar be the daily recommended 

energy (DRI, 2006). The WHO advises that the recommended daily added sugar 

intake be no more than 10% energy (WHO, 2003). The European Food Safety 

Authority (EFSA) also recommended the added sugars <10% intake of daily energy 

(WHO, 2003). The South African Food-Based Dietary Guidelines (SAFBDG) is ≤ 55g 

which is equivalent to 6-10% of total energy intake (Steyn et al., 2003).  The 

American Heart Association (AHA) recently suggested an added sugar of upper limit 

of 100 calories (420 kJ, 25 g) per day or 100 calories for women and (630 kJ, 37.5 g) 

or 150 calories for men which corresponds to approximately 5-6% of dietary energy 

(Johnson et al., 2009). 

Table 2.3.5.1: Shows added sugar daily recommended limit by various 

organisations. 

Organisations IM (DRI, 

2006) 

WHO 

(WHO, 

2003) 

EFSA 

(WHO, 

2003) 

AHA (Johnson et al., 2009) SA-FBDG 

(Steyn et al., 

2003) 

Daily 

energy/added 

sugar intake 

< 25% < 10% <10 % ≤ 100 calories (420 kJ, 25 g) 

for women ≤ 150 calories (630 

kJ, 37.5 g) for men 

≤ 55g 

  

2.3.6. Factors that drive people to consume sugar-sweetened beverages 

2.3.6.1. Advertisement of sugar-sweetened beverages 

Many developing countries including SA are experiencing westernisation, 

urbanisation and nutritional transition which fuels the adoption of a western diet 

(Nnyepi et al., 2015; Tungendhaft et al., 2016). Adaptation to the western diet occurs 

through exposure to various means of marketing. This is the aspect of SSBs markets 

and producers who see these countries as an opportunity where they can grow and 
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expand their sales (Rude, 2010). Various ways of marketing include promoting of 

SSBs through advertisement on the radio, cinema, televisions, magazines, 

newspapers, internets ads, games, and social media platforms (Rude, 2010; Emond 

et al., 2015; Kumar et al., 2015). This suggests that on daily basis both children and 

adults may be exposed to various types of advertisements (Temple and Steyn, 

2013). Television was reported to be a powerful marketing tool in developed 

countries (Dijikstra et al., 2005; Guran and Bekeret., 2011) followed by internet 

marketing (Temple and Steyn, 2013).  It has been reported that long hours of 

watching TV were associated with decreased intake of fruits and vegetables but 

increased in SSBs and fast-food consumption (Coon and Tucker, 2011; Andreyeya 

et al., 2011). 

2.3.6.2. Availability, affordability, and accessibility of sugar-sweetened beverages 

Widely available and affordable energy-dense food and beverages are the aspects 

of the nutritional transition occurring in South Africa (Tugendhaft et al., 2016). Voster 

et al. (2014) reported that factors such as cost of food, lifestyle habits, changing 

environment, taste, convenience, and dietary behaviour influences the purchase and 

intake of sugary products. This results from the expansion of supermarket and spaza 

shops into informal urban and rural areas which however promotes easy access, 

purchase then consumption (Tugendhaft et al., 2016). A Mexican study found that 

frequent visits and easy accessibility to convenience stores, small grocery stores, 

soft drinks and other food stores were associated with higher purchases of taxed 

beverages or SSBs (Hernandez-F et al., 2021). Ruel et al. (2010) and D’Souza and 

Jolliffe. (2013) reported that increased cost of healthy food may promote purchase 

and consumption of cheap food rich in high calories. This was evident in a South 

African study reporting on food prices (Temple and Steyn, 2013; Voster et al., 2014). 

The study showed that poor people were pressurised to buy beverages with more 

sugar than fruit and vegetables because of low cost. This indicates that socio-

economic status also plays a significant role in the purchase and consumption of 

SSBs where poor households/low socio-economic status often falls victim. 

 

2.3.6.3. Nutritional knowledge of sugar-sweetened beverages 
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Nutritional knowledge and education are amongst factors that promote early frequent 

SSBs consumption (Audain et al., 2019). In the context of Africa, little has been 

reported on the level of consumers knowledge regarding frequent SSBs 

consumption and the adverse health effect that may result in thereof (Audain et al., 

2019). In South African peri-urban areas, an inverse association between the level of 

a mother’s education and students carbonated drinks consumption frequency was 

reported (Audain et al., 2014).  

2.3.7. Types of methods used to assess sugar-sweetened beverages 

Various methods have been suggested to assess the dietary intakes information of 

participants (Baik et al., 2013; Shim et al., 2014; Corella and Ordovas, 2015). These 

dietary intake methods are used to assess diet and diseases associated with diet, 

monitor the populations’ usual intake, and help provide dietary guidance to 

individuals who need it (Shim et al., 2014; Naska et al., 2017). Shim et al. (2014) 

have reported that dietary nutrient assessment inaccuracy can hinder the correct 

dietary-related diseases prediction. However, the dietary intake assessment 

inaccuracy seems to lead to several inconsistencies reported in most studies 

especially when using either food frequency questionnaire (FFQ) or twenty-four-hour 

dietary recall (24-HDR) (Kipnis et al., 2003; Shim et al., 2014; Freedman et al., 

2015). Other studies have reported that to overcome measurement errors adjusting 

with energy must be applied to improve measurement bias (Freedman et al., 2014; 

Freedman et al., 2015). While other studies have reported that adjusting with energy 

weakens or does not improve the measurement bias (Kipnis et al., 2003; Schatzkin 

et al., 2003).  In addition, others suggested the use of biomarkers to a surrogate 

error made by other dietary intake assessments methods (Combs et al., 2013; Baik 

et al., 2013).  The above findings indicate the existence of controversies and 

however, needs further studies for investigation.
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Table 2.3.7: Types of methods to assess dietary intakes. 

 24-hour dietary recall (Shim et al., 2014) Dietary record (Shim et 

al., 2014) 

Dietary history (Shim et al., 

2014) 

Food frequency questionnaire 

(Shim et al., 2014) 

Biomarker (Tasevska et al., 2005; Shim et al., 2014; 

Corella and Ordovas 2015) 

Methods A trained interviewer using an open-

ended questionnaire to collect dietary 

data 

A trained interviewer 

uses both open and 

closed questionnaire 

Uses open-ended 

questionnaire 

-Self-administered 

questionnaires 

A trained/self-interviewer uses 

open-ended questions to collect 

dietary data 

-Measurements made by collecting urine, plasma or 

serum, teeth, hair and nails samples 

Collected data Dietary data information collected over 

the past 24 hours 

Dietary data information 

collected over a 

relatively long period 

Dietary data information 

collected throughout a 

particular period 

Dietary data information collected 

over a month, 6 months or 1 year 

Dietary data information collected over hours, days, 

weeks, months, and years 

Strengths Literacy not needed 

Detailed intake of data offered 

-Can be used in large epidemiology 

studies 

-Can be used to provide dietary guidance 

-Ability to measure 

actual dietary intake  

-Detailed dietary intake 

provided 

-no recall biases 

-no requirements of 

interviewers 

Actual dietary data easily measured 

-Suitable for epidemiological studies 

-Cost-effective 

-Free from bias and errors 

- Independent of memory 

-No need to describe the type and the quantity of 

food consumed by the subject 

-It can be used to surrogate dietary intake methods 

errors 

 

Limitations -Recall and interviewers bias likelihood 

by the participants 

-Requires trained interviewer 

-Requires more than one day to measure 

usual intake 

-Poor reflection of individuals usual 

intake 

-Cannot indicate an individual’s day-to-

day long term inter variability 

Not appropriate for 

epidemiological studies 

-Time-consuming and 

costly 

-Requirements of multiple 

days to measure actual 

intakes 

-Underreporting possibility 

-It is costly and consumes time 

-Requires high motivation and 

literacy 

-possible changes in dietary 

intakes 

-Requires exact research and study 

groups 

-Closed-ended questionnaire usage 

-Possibility of recall bias by the 

participants 

-Consumes time 

 

 

 

--Affected by absorption and metabolism after 

consumption 

-It cannot be used alone to collect dietary data 

-Affected by homeostasis or diseases 

-Inter-individual factors such as age, gender, alcohol 

intake, tobacco smoking, physical activity 

-Storage and the collection of the collected specimen 

-Cannot be used to provide dietary recommendations 

-Cannot be used to adjust subjects’ dietary habits 
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Furthermore, the SSBs data is often divided into categories depending on how the 

study classifies it. In, the study by Barrio-Lopez et al. (2013) the SSBs consumption 

differences were grouped into quintiles of change, for example, quintile 1 was 

considered as the participants who had decreased their consumption while quintile 5 

were the participants who increased most of their consumption. The study 

additionally regarded the first quintile as the reference category (Barrio-Lopez et al., 

2013). In the study conducted by Shin et al. (2018) SSBs data were categorised into 

four groups according to the frequency of SSBs consumption such as non-SSBs 

drinkers, less than 2 times/week, 3–6 times/week, and more than once a day. 

However, percentiles and quartiles are also used to categorises SSBs data. The 

percentile is described as the set of data that is divided into 100 equal groups by the 

use of 99 points such that each group consist of 1% of the data that is organised in 

ascending or descending order (Mishra et al., 2019). On the other hand, quartiles are 

defined as the points that separate the data set into four equal groups that are 

organised in ascending and descending order such that each group consist of a 

quarter of a data (Mishra et al., 2019). Likewise, the first quartile which is the lowest 

is considered the 25% percentile, while the second is considered the 50% percentile, 

the third quartile as the 75% percentile and last the 100% percentile as the fourth 

quartile which is the highest (Mishra et al., 2019). The quartiles and percentiles 

would be used in the current study to divide SSBs data. 
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2.4. SUMMARY  

Controversy remains about the prevalence of MetS stated in the literature because 

some studies found higher and some lower prevalence of MetS depending on the 

type of definition they used. Shift into unhealthy lifestyle behaviours and choices 

such as increased consumption of SSBs also forms part of the primary risk factors 

for ever-increasing MetS prevalence. The risk of developing MetS especially in rural 

communities might be influenced by the gradual increase of SSBs. This results from 

easy access and availability of SSBs at the spaza shops and exposure through 

media advertisement, low cost of SSBs and lack of income. Consumption of SSBs is 

commonly associated with a disruption in energy balance which is the root cause of 

metabolic disarrangement in an individual. Thus, an increase in the consumption of 

SSBs is associated with an increased risk of developing Mets. However, screening 

of MetS risk factors through the use of obesity indices such as NC, BMI, WC and 

WHtR could assist in predicting individuals at risk of developing MetS. Moreover, this 

might help in providing novel data for intervention studies to implement programmes 

or campaigns that are aimed at preventing and managing non-communicable 

diseases in which MetS play a major role. 
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3.1. INTRODUCTION 

This chapter outlines the geographical area, sampling methods, and the research 

design of the study. Moreover, the discussion of the ethical approval issues, data 

collections measurements and procedures and finally the data analysis followed. 

3.2. GEOGRAPHICAL AREA OF THE STUDY 

Ellisras, currently known as Lephalale, is a deeply rural area in Limpopo Province, 

South Africa, located adjacent to Botswana borders. Ellisras has 42 settlements with 

estimated 140 240 people dwelling in and 43002 households (Lephalale Gov, 2018). 

The villages are approximately 70 km away from the Ellisras town (231 40S 271 

44W). The main source of employment for Ellisras residents is the Matimba and 

Medupi electricity power station and Iscor coal mine, a smaller portion of the 

population is involved in education and civil service while the residual is involved in 

the rearing of cattle and subsistence farming (Lephalale Gov, 2018). Unemployment, 

poverty, and low life expectancy remain a dilemma in most South African rural areas 

with Ellisras being no exception (Bradshaw and Steyn, 2001; Lephalale Gov, 2018). 

The Ellisras area is located as shown in figure 3.2.1. 
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Figure 3.2.1: Limpopo Province map showing the location of the Ellisras 

(Lephalale) area and neighbouring places (HAD, 2015).  

3.3. SAMPLING METHODS (POPULATION) AND STUDY DESIGN  

The Ellisras Longitudinal Study (ELS) is a longitudinal study investigating the lifestyle 

factors and causes of non-communicable diseases, through continuous periodic 

surveys and standard data collection. The study focuses on Ellisras rural areas and 

its main objective is to identify non-communicable diseases in the area. The ELS 

was originally established in 1996 and the follow-up data which the current study 

used was collected in 2013 and 2015 November/December (Monyeki et al., 1999; 

Monyeki et al., 2000; Daniel et al., 2019). The ELS initially used a cluster sampling 

method to recruit the participants (Monyeki et al., 1999; Monyeki et al., 2000). In 

brief, 69 schools were randomly selected within the Ellisras area. The data collection 

was undertaken at 22 schools (10 pre-schools and 12 primary schools) where birth 

records of children were attained from the principals of each school. Only those 

records that were verified against health clinic records were used to determine the 

age of each potential participant (Monyeki et al., 1999; Monyeki et al., 2000). Each of 

the 22 selected schools was assigned a grade with the expectation that most of the 

children in a particular age category (3–10 years) would be found in that grade 

(Monyeki et al., 1999; Monyeki et al., 2000).  



 

79 
 

In this current cross-sectional study, which used a quantitative method, a total of 624 

participants were recruited. Thirty-one (31) participants did not meet inclusion criteria 

thus were excluded and the exclusion criteria included: pregnant or lactating 

females, females on menstruation, those who did not fast before the blood collection, 

those with missing and incomplete values, those who failed to provide a consent 

form, and those on medication for diabetes, hypertension, and dyslipidaemia, those 

who exercised, consumed alcohol, or smoked prior to measurements. Most of the 

above factors were reported to have an impact on lipids profiles, for example, after 

meals, TG and lipids levels remain elevated for a couple of hours. On the other 

hand, pregnancy is associated with the fluctuation of cholesterol and TG levels 

across the trimesters (Saebra et al., 2015). Moreover, menstruation is associated 

with fluctuations in hormones which will ultimately affects lipids levels. The inclusion 

criteria consisted of all the participants who fall between the ages of 22 to 30 years 

old without the exclusion criteria mentioned above. 

A total of 593 (301 females and 292 males) rural black youth aged 22-30 years 

enrolled. 

The sample size (n= 593) was calculated using the STATA software programme at a 

statistical power of 0.95 based on a 5% margin of error and a MetS prevalence of 

4.8% among the black South African population (Owolabi et al., 2017).   

3.3.1. Ethical consideration 

This study is a sub-study of the current ongoing ELS, and both the studies were 

granted ethical approval before the survey by the Turfloop Ethics Research 

Committee of the University of Limpopo, (Project number: TREC/323/2017:IR ELS 

and the current study, project identification (ID): TREC/97/2020: PG). School 

principals and Tribal authorities granted permission to use school halls or community 

halls for all the data collection periods. The Witpoort Hospital also granted 

permission to store blood samples after their collection. Medical Science Unit, 

Department of Pathology and Medical Science laboratory at the University of 

Limpopo permitted to use the laboratory and for analysis of blood profile. 
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3.4. MEASUREMENTS 

A detailed outline of the data collection procedures for the data collection has been 

previously described (Monyeki et al., 2002; Monyeki et al., 2008; Monyeki et al., 

2009) and all measurements were done according to standard protocols using 

validated types of equipments and questionnaire. To ensure that the participants fully 

know and understand what is required of them, the principal investigator and trained 

field workers clearly explained all the measurement procedures.  

3.4.1. Anthropometric measurements 

All the anthropometric measurements were conducted by trained and experienced 

field workers on all the study participants using standard procedures set by the 

International Society for the Advancement of Kinanthropometry (ISAK) (Norton and 

Olds, 1996). 

3.4.1.1. Body mass index (body weight and height) 

The participants were asked to be in light clothing, without shoes and in an anatomic 

position (Monyeki et al., 1999). Weight was measured using a portable electronic 

scale (Precision Health Scale, A & D Company, Japan) to the nearest 0.1kg. Height 

was measured using a stadiometer on a standing position (Monyeki et al., 1999) with 

feet placed together, heels, buttocks and shoulders touching the vertical plane of the 

stadiometer (Leicester height 87 measure, Seca, Birmingham, UK). The headboard 

of the stadiometer was then lowered onto the head of the participants and 

measurements were taken to the nearest 0.1 cm. The BMI was determined using 

height (m2) and weight (kg) values. BMI was calculated as weight (kg)/(height(m))2. 

The BMI categories and cut off points are shown below in table 3.4.1.1. 

Table 3.4.1.1: BMI categories and cut off points (Must et al., 1999). 

BMI cut off points BMI categories 

<18 kg/m
2
 Underweight 

18.5-24.9 kg/m
2
 Normal 

30.0 kg/m
2
 Overweight 

>30.0 kg/m
2
 Obese 
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3.4.1.2. Waist circumference   

The WC was measured using a flexible steel tape (Lufkin, Cooper Tools, Apex NC, 

USA) to the nearest 0,1 cm, while participants were in light clothing and a standing 

position (Monyeki et al., 1999). The measurements were taken at the middle point 

between the lowest rib and iliac crest at the end of each gentle expiration (Monyeki 

et al., 1999, Anothaisintawee et al., 2019). The WC risk categories and cut-off are 

shown below in table 3.4.1.2. 

Table 3.4.1.2: Waist circumference risk categories and cut-off points (WHO, 

2008). 

Metabolic Risk Category Males: WC Females: WC 

Normal </= 94 cm </=80 cm 

Increased risk >94 cm >80 cm 

Greatly increased risk >102 cm >88 cm 

 

3.4.1.3. Neck circumference 
 

Neck circumference (NC) was taken with the use of a flexible tape (Delta surgical SA 

(PTY) Ltd., Johannesburg, Gauteng, South Africa) while the participants head was in 

a Frankfurt horizontal plane position (Luo et al., 2017). The measurements were 

taken to the nearest 0.1 cm in a standing position. The flexible tape was then placed 

perpendicular to the long axis of the neck and around the inferior margin of the  

below the Adams’ apple in  men having large Adam’s apple (Patil et al., 2017). The 

cut-off points of NC are ≥37 cm for men and ≥34 cm for women (Saka et al., 2014). 

 
3. 4.1.4. Waist to height ratio 
 

The waist to height ratio (WHtR) was calculated by the division of WC (cm) by 

height. (m) (Hsieh and Yoshinaga, 1995; Yoo, 2016;). The WHtR cut off points was 

suggested to be 0.5 cm which can be applied to different genders and races 

(Ashwell et al., 2012; Yoo, 2016). 

 

Table 3.4.1.4.1. Waist to height ratio classification and cut off points (Nedea,  

2020). 

WHtR Classification Females Males 
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Extremely slim ≤ 0.34 ≤ 0.34 

Slim 0.35 – 0.41 0.35 – 0.42 

Healthy 0.42 – 0.48  0.43 – 0.52 

Overweight 0.49 – 0.53 0.53 – 0.57 

Very overweight 0.54 – 0.57 0.58 – 0.62 

Obese  ≥ 0.58 ≥ 0.63 

A. Neck circumference B. Waist Circumference 
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Figure 3.4.1.1: Anthropometric measurements (A, C, D, Jervas, 2018; B, 

www.shutterstock.com) 

3.4.2. Blood pressure and mean arterial pressure 

The SBP and DBP readings were taken after 5 minutes of rest, using an Omron 

electronic micronta (Omron Healthcare Europe B.V, Hoofddorp, Netherlands) 

monitoring kit (Monyeki et al., 2006). The bladder of the device contains an 

electronic infrasonic transducer that monitors the BP and pulse rate showing them 

on the screen at the same time (Monyeki et al., 2006). This versatile instrument has 

been designed for clinical purposes and research (Monyeki et al., 2006). To measure 

BP readings of a participant’s the right arm was supported on a prop at a heart level 

in a relaxed position with an appropriate cuff size placed over the brachial artery of 

the right arm. The participants were seated with feet on the floor and the 

measurements were taken 3 times at a 5-minute interval. The average of three BP 

(SBP and DBP) readings were calculated. The MAP is the average of SBP and DBP 

C. Height D. Weight 
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influenced by cardiac output and systematic vascular resistance throughout one 

cardiac cycle (Sesso et al., 2000). The MAP is an indication of blood pressure and 

was calculated using the following equation (Sesso et al., 2000): 

MAP = DBP + 1/3 × (SBP − DBP). Blood pressure and MAP classifications are 

shown below in table 3.4.2. 

Table 3.4.2: Blood pressure and mean arterial pressure definition and 

classification (Kundu et al., 2017). 

 

Category Systolic Diastolic MAP 

Optimal <120-129 and/or <80 <93.33 

Normal 120-139 and/or 80-84 93.33-99.00 

High normal 130-139 and/or 85-89 99.01-105.67 

Grade 1 hypertension 140-159 and/or 90-99 105.68-199.00 

Grade 2 hypertension ≥160-179 and/or 100-109 199.01-132.33 

Grade 3 hypertension ≥180 and/or ≥110 ≥132.34 

Isolated systolic 

hypertension 

≥140 and/or <90 - 
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Figure 3.4.2: Blood pressure measurements. 

3.4.3. Biochemical samples collection and analysis 

3.4.3.1. Biochemical samples collection procedures 

Participants were asked to fast for 8-10 hours before blood collection in the morning. 

Blood samples were collected by registered nurses from the Witpoort Hospital. The 

participant’s arm was rested on a supporting prop. Natural latex gloves were used to 

avoid possible infection during the handling and collection of blood samples. Fasting 

venous blood samples were collected from the arm (antecubital vein) into vacutainer 

tubes (Vacutainer BDTM) using new sterilised needles for each participant. After the 

collection of blood samples, a cool box containing ice was immediately used to place 

the samples at (0-80C). The samples were then centrifuged for 15 minutes to obtain 

plasma and serum at 2500 rpm and later transported to the hospital and placed in a 

freezer at a temperature of -800C for later analysis. Haemolysed and clotted samples 

were discarded. The collected blood samples were used to measure fasting blood 

glucose samples and lipids samples (HDL-C and TG). All blood analyses were done 

at the Medical Science Unit of the Department of Pathology and Medical Science at 

the University of Limpopo.  

 Biochemical analyses  

o Fasting blood glucose 

Fasting plasma blood samples were collected and stored into a 4ml grey cap tube 

that contains sodium fluoride and oxalate to inhibit glycolytic enzymes action. 

Beckman LX20® auto analyser (Beckman coulter Fullerton, CA, USA) was used to 

measure the fasting blood plasma using an enzymatic method that uses glucose 

oxidase.  

 Lipid profile 

The HDL-C was measured using a unique detergent that solubilises only the HDL-C 

particles and releases HDL-C. Triglyceride levels were measured using enzymatic 

(lipase, glycerol kinase, glycerophosphate oxidase and horseradish peroxidase) 

spectrophotometric technique.  All plasma lipid measurements were done following 

the AU480 Chemistry System from Beckman Coulter (Brea, Calif). The AU480 

instrument was calibrated according to standard procedures. All measurements were 
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done three times and the percentage of the coefficient of variation (%CV) was 

calculated. Measurements were repeated when the CV > 5%. 

 

 

Figure 3.4.3: Biochemical assessment  

3.4.3.2. The criteria of metabolic syndrome are shown below in table 3.4.3.2. 

 

 

 

 

 

Elevated WC Males WC ≥ 94 cm                                         

Females WC ≥ 80 cm  
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Table 3.4.3.1: The criteria or definition of metabolic syndrome according to the 

joint interim statement (Alberti et al., 2009). It indicates that an individual is 

diagnosed with metabolic syndrome if having any three or more of the below 

features. 

  

3.4.4. Dietary intake  

The current study used only a 24h-recall questionnaire to collect SSBs data 

3.4.3.1. Twenty-four (24)-hour recall questionnaire 

In the current study, a trained and skilled Northern Sotho speaking fieldworker 

conducted an in-person interview on the SSBs data. The SSBs data was collected 

by a means of a validated 24-hour dietary recall questionnaire and food composition 

manuals method (Langehoven et al., 1991; Steyn et al., 2003). The food composition 

manuals were used to improve the accuracy of the data collection because they had 

pictures of actual types, portion sizes and weight of SSBs items. This 

accommodated both the interviewer and even those with low literacy to correctly 

identify and report the consumed SSBs over the previous 24-hrs (Shim and Kim, 

2014). A booklet adapted from the Dietary Assessment and Education Kit was also 

used to obtain portion sizes (Steyn et al., 2006). To minimise the recall bias, the 

current study used well skilled and trained interviewers to collect SSBs data. 

Additionally, for each participant, a two-day 24-hour dietary recall questionnaire was 

administered where the interview took place twice a week to ensure potential 

variations in days. One on a weekday and one on weekends and the average of 2 

days was calculated using both the 24-h recall questionnaire and food composition 

Elevated blood pressure Systolic BP ≥130 mmHg 

Diastolic BP ≥85 mmHg 

Or antihypertensive treatment 

Elevated TG ≥150 mg/dl (1.7 mmol/L) 

Or drug treatment for elevated TG 

Reduced HDL-C Males HDL-C <40 mg/dl (1.03 mmol/L) 

Females HDL-C <50 mg/dl (1.29mmol/L) 

Or drug treatment for reduced HDL-C 

Elevated fasting blood glucose Fasting plasma glucose ≥100 mg/dl (5.6 

mmol/L) 

Or treatment for high fasting blood glucose 



 

88 
 

with pictures shown in Figure 3.4.4.1. to facilitate easy identification of SSBs. The 

reported information on the type, portion sizes of SSBs by the participants were then 

reviewed, converted to actual weights, and coded with the appropriate food listed in 

the food composition database. 

Examples of portion sizes and weight of SSBs: when participants chose tea and 

coffee, they were also required to specify whether used teacup which had a quantity 

of 180ml and/or used a mug which had a quantity of 250 ml. Participants had to 

indicate whether the mug or cup was, full cup~ 250g, ½ full cup~ 90g, full mug~ 

125g, 1/2 full mug~250g. They also had to choose whether they used a teaspoon or 

a tablespoon and also indicate whether the spoon was level~4g teaspoon and 15g 

tablespoon or heaped~ 6g teaspoon and 25g tablespoon for sugar. For fruit juice, 

the participants had to indicate whether they used a cup (1/2 cup~90g, full 

cup~180g), mug (1/2 mug~~125g and full mug~250g) and glass (1/2 big 

glass~125g; ¾ big glass~187.5g; full big glass~250g; ½ small glass~62.5g; full small 

glass~125g). 

The coded SSBs data were then analysed with Food finder dietary analysis software 

programme version 3 developed by the South African Medical Research Council. 

The food finder software was used to generate added sugar denoted as SSBs in the 

current study and simple sugars such as fructose, sucrose, lactose. To categorise 

SSB consumption, we considered the data distribution across SSBs quartiles 

consumption where SSBs were divided into four quartiles.  High SSBs was defined 

as ≥55g/day intake and recommended limit as ≤ 55g/day sugar by South African- 

Food Based Dietary Guideline (SA-FBDG) (Steyn et al., 2003).  
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Figure: 3.4.3.1: Examples of sketches and measures used in the study (Steyn 

et al., 2020). 

3.5. QUALITY CONTROL 

The ISAK, was used as a standard procedure for all training of anthropometric and 

skinfolds measurement of participants (Norton and Olds, 1996). Fieldworkers 

underwent testing for the reliability of measurements as part of their training 

(Monyeki et al., 1999). This was done to achieve a technical error of measurement 
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within limits. The survey was carried out over three weeks by 16 fieldworkers each 

year. The training was conducted according to the three-level of criterion as per 

ISAK guidelines (Norton and Olds, 1996). In brief, the absolute and relative values 

for intra-tester and inter tester technical error measurements (%TEM) for all the 

skinfolds measurements ranged from 0.2 to 6 mm (0.4 to 6.8%), height 

measurements ranged from 0.04-4.16 cm (0.2-5.01%), bodyweight 0.01-0.02 kg and 

WC 0.0-3.4 cm (0-4%) (Monyeki et al, 1999; Monyeki et al., 2002). Blood samples 

were collected by registered nurses.  

3.6. STATISTICAL ANALYSIS 

3.6.1.The statistical package, significant level, and normality 

The IBM statistical package for social sciences (SPSS) (IBM, Chicag0, USA) version 

27.0 and Stata 15 software (StataCorp LP., College Station, TX, USA) was used to 

perform data analyses. The significance level was set at p ≤ 0.05. All the variables 

were assessed for normality using the Shapiro–Wilk test and log transformation was 

done on non-normally distributed variables.  

3.6.2. Descriptive statistics 
 

Descriptive statistics were done for all the normally distributed variables and were 

presented as means and standard deviations. The descriptive statistics included 

biochemical variables, WC, age, BMI, WHtR, NC, sucrose, lactose, SSBs. The 

difference between gender was determined using a one-way analysis of variance 

(ANOVA) and the independent t-test. 

3.6.3. Prevalence 

The study used both the percentile and quartiles to categorise SSBs data. The cut- 

off points (19, 40, 56 and 104) and percentile (20, 50, 65, 90) were used to stratify 

SSBs into four quartiles Q1, Q2, Q3, Q4:(Q20=19; Q50=40; Q65=56; Q90=104). High 

SSBs was defined as ≥55g/day intake and recommended limit as ≤ 55g/day sugar by 

SA-FBDG which is equivalent to 6-10% of total energy intake (Steryn et al., 2003). 

The Joint interim statement by IDF and various organisations (Alberti et al., 2009) 

were used to classify MetS components as high or above the recommended limit. 

The chi-square test was to find the significant association between genders.  
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3.6.4. Bivariate Correlations 

Pearson correlations were used to evaluate the correlation between obesity indices 

(NC, BMI, WC and WHtR) and MetS components (MAP, TG, FBG and HDL-C). 

Spearman correlations were used to evaluate the correlation between the 

consumption of SSBs and MetS components (FBG, HDL-C, TG, SBP, DBP, and 

WC). 

3.6.5. Regression coefficient 

Binary logistic regression analysis was applied to determine the association between 

SSBs consumption and MetS components (DBP, SBP, TG, HDL-C, WC). 

Furthermore, a Cochran’s and Mantel-Haenszel statistics test for trend was used to 

assess if there is a linear trend in the SSBs quartiles. The study additionally 

regarded the first SSBs quartile as the reference category. 

3.6.6. Goodness-of-fit statistics for various factor models of metabolic 

syndrome. 

Confirmatory factor analysis was used to test the single-factor models of MetS 

defined by MAP, FBG, TG and commonly selected obesity indices such as NC, BMI, 

WC and WHtR as indicators of MetS (Pladevall et al., 2006). The model was 

reported on the standardised regression weight (standardised factor loading). We 

built a single-factor model of MetS similar to that of the study by Motamed and 

colleagues which was differentiated from each other by four obesity indices of WHtR, 

WC, WHR and BMI with four hypothesised single factor models (Motamed et al., 

2016). However, in the current study, we used NC as an obesity index instead of 

WHR. The MetS variable was treated as a latent variable (the variable that that is 

inferred, not directly observed, from other variables that are observed) (Kenny, 

2012). 

Chi-square test with different fit indices, including CFI, GFI, AIC, TLI and RMSEA 

were used to assess the models. A model with RMSEA < 0.06, CFI > 0.95, and TLI > 

0.95 was regarded as a good model-data fit (Hu and Bentler, 1999). The model with 

the lowest AIC value was considered the best model (Akaike, 1973). A maximum 

likelihood estimation was used to analyse the covariance of the variables.  
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4.1. INTRODUCTION 

In this chapter, the findings of the study are outlined where the association between 

SSBs intake and MetS are explored. Furthermore, the best obesity indices such as 

NC, BMI, WC, and WHR to identify MetS among youth aged 22-30 years old were 

determined. This was carried out because of very limited studies regarding this topic 

in South African rural settings.  

4.2. Characteristics of the study population  

 Demographic characteristics  

The current study comprised 593 participants with the number of females 51% (304) 

slightly above that of males 49% (289). The mean age of the study participants was 

23 years for both females and males. However, the difference was not statistically 

significant (p=0.608).  

4.2.1. Sugar-sweetened beverages variables 

Male’ participants who had higher SSBs consumption only showed a higher 

significant difference in mean log fructose (p=0.008). In females, all the SSBs 

quartiles showed no significant difference in mean values of log fructose (p=0.128), 

log sucrose (p=0.374), and log lactose (p=0.580). In the Tehranian study, different 

results were observed where both boys and girls who had higher SSBs consumption 

had higher intakes of glucose, fructose, sucrose. (Mirmiran et al., 2015). 

Furthermore, the Tehranian study considered glucose instead of lactose. The 

difference in the studies might be attributed to the fact that the current study 

considered older participants than the participants in the Tehranian study who were 

children and adolescents. This study compared its findings with the above study 

because of the lack of data around this topic in South Africa especially in rural 

settings.  

 Metabolic syndrome components 

In the current study both lower and higher SSBs quartiles in females showed a 

higher significant mean value of log WC (p=0.0053), DBP (p= 0.034) and TG 

(p=0.034). On the other hand, males reported no significant difference on any MetS 

components following both the lower and higher SSBs consumption. Different 

findings were found in a cross-sectional survey conducted by Shin et al. (2018) who 
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reported that for men, increased consumption of SSBs was linked to greater DBP 

(p=0.0107) but was not associated with BMI and other MetS components (Shin et al., 

2018). However, among females, increased consumption of SSBs was positively 

associated with mean values of BMI, DBP, triglyceride, and fasting glucose (p = 

0.0022, p=0.0320, p=0.0032, and p=0.0070), respectively. The difference in studies 

might have resulted from the difference in the sample size and population type 

whereas the later study included a smaller sample size and black participants. 

 

The findings of the current study also confirm the previous report that indicated 

evidence of a non-linear effect between the SSBs intake and MetS dose-response 

relationship (Zhang et al., 2021). Because, in the study conducted by Chen et al. 

(2019) it was also reported that the consumption of low doses (< cup/week), middle 

doses (1-6 cups/week) and high doses (≥7 cups/week) of SSBs significantly 

increased relative risk of NAFLD by 14%, 26% and 53%, respectively (p=0.001, 

p<0.00001, p=0.03 respectively). Although the current study didn’t focus on NAFLD 

per se, it shows that the consumption of SSBs have the potential of increasing the 

risk of attaining MetS or diseases even at lower doses. 

  

Below are descriptive statistics of 593 participants (304 females and 289 males) 

according to sugar-sweetened beverages (SSBs) quartiles of the participants that 

enrolled in the current study. The data shows the demographics, SSBs variables, 

MetS components, and BP measurements of the Ellisras rural youth aged 22-30 

years as recorded in Table 4.2.1.  
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Table 4.2.1: The participant’s characteristics (N=596) of the Ellisras rural youth aged 22–30 years stratified by SSBs quartiles. 

FBG=fasting blood glucose; TG=triglycerides; HDL-C= high density lipoprotein-cholesterol; WC=waist circumference; DBP= diastolic blood pressure; 

SBP=systolic blood pressure; M=mean; SD=standard deviation; SSBs=sugar-sweetened beverages,*p<0.05

Variables 

 

Males Females 

SSBs Quartiles (M±SD) n=249 P-Value  SSBs Quartiles (M±SD) n=251 P-Value 

Q20=19 Q50=40 Q65=56 Q90=104 Q20=19 Q50=40 Q65=56 Q90=104  

 Q1 n=132 Q2 n=77 Q3 n=40 Q4 n=40  Q1 n=118 Q2 n=87 Q3 n=43 Q4 n=57 

Age (years) 23.65±2.03 23.66±1.91 23.40±1.92 23.57±1.99 0.831 23.89±2.00 23.81±2.08 23.97±2.13 23.37±2.05 0.608 

Log Fructose (g) -0.01±0.67 0.26±0.72 0.21±0.64 0.52±0.80 0.008* 0.33±0.63 0.28±0.069 0.20±0.53 0.34±0.74 0.128 

Log Sucrose (g) 0.33±0.83 0.23±0.82 0.03±0.76 0.41±0.74 0.564 0.48±0.81 0.16±0.82 0.40±0.83 0.34±0.85 0.374 

Log Lactose (g) -0.03±0.70 0.16±0.67 0.30±0.90 0.21±0.50 0.800 0.22±0.61 0.29±0.61 0.21±0.67 0.25±0.63 0.580 

FBG (mmol/L) 5.15±0.77 5.40±0.67 5.18±0.79 5.42±0.85 0.177 5.50±0.88 5.51±0.82 5.71±0.72 5.42±0.96 0.439 

Log WC (cm) 1.87±0.51 1.87±0.51 1.87±0.33 1.87±0.45 0.872 1.92±0.06 1.90±0.06 1.9±0.08 1.90±0.07 0.053* 

DBP (mm/Hg) 69.61±9.74 71.57±9.01 70.45±8.91 70.12±8.93 0.651 68.52±7.87 70.38±8.33 68.95±7.36 66.39±8.61 0.034* 

SBP (mm/Hg) 125.11±12.30 124.65±11.13 123.71±10.66 126.31±10.68 0.719 114.18±11.04 114.28±9.94 115.89±8.41 112.07±9.58 0.152 

HDL-C(mmol/L) 1.24±0.26 1.18±0.29 1.20±0.32 1.20±0.30 0.497 1.06±0.25 1.09±0.28 1.01±0.25 1.15±0.31 0.067 

TG (mmol/L) 1.00±0.48 0.96±0.42 0.88±0.33 0.87±0.35 0.336 1.00±0.43 0.94±0.46 0.88±0.35 0.80±0.32 0.034* 
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4.2.2. Obesity indices variables 

In the general population of Ellisras, all the mean values of obesity indices (WC, 

WHtR, NC, BMI) were statistically significant (p<0.001). In females, the mean values 

of WC and BMI were significantly (p<0.001) higher than that of males, while mean 

values of NC and WHtR in males were significantly (p<0.001) higher compared to 

that of females. Similar findings were reported by Motamed and colleagues. (2016) 

where WC (p<0.001) and BMI (p=0.035) were significantly higher in females than in 

men. In contrast, the male result differed from that of Motamed et al. (2016) where 

mean values of WHtR were also higher in females compared to males. The probable 

explanation could be attributed to different geographical regions (Iran vs South 

Africa), population (Iranian vs African), sample size (5616 vs 593). 

 Metabolic syndrome components 

In the general population of Ellisras, there was no significant mean difference 

between DBP (p=0.013) and FBG (p=0.371). This nonsignificant mean difference of 

DBP (p=0.013) and FBG (p=0371) was also evident among gender. This was in 

contrast with the findings by Motamed et al. (2016) where there was a significant 

mean value of DBP (p=0.010) in the total population as well as between the genders. 

There was a significant mean difference of SBP, MAP, HDL-C and TG all (p<0.001) 

in the general population. Males had significantly (p<0.001) higher mean SBP, MAP 

and HDL-C values than females. Similar findings were reported in the study by 

Motamed et al. (2016) except for HDL-C which was higher in females in the study 

conducted by Motamed et al. (2016). Meanwhile, the mean values of WC were 

significantly (p<0.001) higher in females as compared to males. These results were 

consistent with the findings of Motamed et al. (2016). 

 

The characteristics such as the demographic, MetS components and obesity indices 

variables among the Ellisras rural youth aged 22-30 years are depicted in Table 

4.2.2.  
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Table 4.2.2: Descriptive characteristics for obesity indices and MetS 

components of the Ellisras rural youth aged 22-30 years. 

Variable Total 

(n=593) 

Mean SD 

Male (n=289) 

Mean SD 

Female (n=304) 

Mean SD 

P-value 

Age (yrs) 25   1.95 25   1.92 25   1.97  0.142 

DBP (mm/Hg) 1.84 0.06 1.85 0.06 1.84 0.06  0.013* 

SBP (mm/Hg) 2.08 0.05 2.10      2.06 0.04 <0.001** 

MAP (mm/Hg) 1.93      1.95 0.05 1.92 0.5 <0.001** 

FBG (mg/dL) 0.73     5.45 0.87 5.52 0.92  0.371 

NC (cm) 33.45      35.24 2.44 31.75 2.44 <0.001** 

BMI (kg/m2) 1.36 0.93 1.32 0.64 1.40 0.10 <0.001** 

WC (cm) 1.89 0.07 1.87 0.05 1.91 0.08 <0.001** 

WHtR (cm)  0.46      1.04 0.60 0.95 0.51 <0.001** 

HDL-C (mg/dL) 0.43 0.12 0.64 0.12 0.02 0.19 <0.001** 

TG (mg/dL) 0.99      0.43 0.05 0.50 0.09 <0.001** 

Log transformed variables, Shapiro–Wilk test, independent t-test, BMI=body mass index, 

DBP=diastolic blood pressure, SBP=systolic blood pressure, FBG=fasting blood sugar, HDL-C=high 

density lipoprotein-cholesterol, MAP=mean arterial pressure, NC= neck circumference, 

TG=Triglycerides, WHtR= waist to height ratio, WC=waist circumference, *p<0.05, **p<0.001 

 

4.3. Prevalence 

 

4.3.1. The prevalence of SSBs consumption stratified by quartiles among Ellisras 

rural youth aged 22–30 years. 

SSBs data was divided into four percentiles which were percentile 20, percentile 50, 

percentile 65 and percentile 90 where cut-off 19, 40, 56 and 104 were used for 

stratification of four quartiles (Q1, Q2, Q3, Q4: Q20=19; Q50=40; Q65=56; Q90=104). 

Based on the cut-offs used in this study together with the SSBs intake 

recommendation limit by the SA-FBG (Steryn et al., 2003) both Q1 and Q2 represent 

or falls under lower or recommended SSBs intakes and Q3 and Q4 represent higher 

SSBs intake. High SSBs is defined as ≥55g/day intake and the recommendation limit 

as ≤ 55g/day sugar by SA-FBDG (Steryn et al., 2003). 



 

102 
 

As shown in figure 4.3.1. Males had higher SSBs Q1, Q2 (24.8%, 32.9% 

respectively) which is according to the recommended added sugar intakes compared 

to females (23.6%, 29.6%) respectively whereas females had higher SSBs Q4 

(31.3%) which is above the recommended intake than for males (26.6%). The 

current results suggest that females had a higher consumption of SSBs compared to 

their male counterparts. Corroborating the results of the previous study, in rural 

areas, the proportion of adults who consumed sucrose-sweetened beverages 

approximately doubled from 25% to 56% for men, whereas in women it was from 

33% to 63% (Voster et al., 2014). The above results indicate a higher intake of SSBs 

levels than what is found in the current study (Voster et al., 2014). However, the 

results were in contradiction with the CRISBSA study which reported 52g/day sugar 

consumption in men and roughly 51 g/day in women (Jaffer et al., 2011). According 

to Hallam et al. (2016) the physiological explanation in the differences and increase 

in sugar/sweet food cravings results from the difference in hormonal concentration 

and mechanisms between males and females. Hormones such as testosterone, 

progesterone, and oestrogen play an important role in regulating food cravings and 

consumption (Hallam et al., 2016). Moreover, in females, craving for sugar or sweet 

food is increased when approaching the monthly period (Hallam et al., 2016). It was 

also explained that interaction in sociological, environmental, and biological factors 

also accounts for the differences in food craving (Hallam et al., 2016). In support of 

the above statement studies conducted by (Nederkoorn et al., 2000; Bernabe et al., 

2013) reported that repeated exposure to taste, visual or olfactory cues are very 

significant in cue-induced craving while at the same time increasing the signal of 

salivation, heart and gastric activity. Moreover, internal factors such as feelings 

(boredom, loneliness, sadness etc) may as well trigger restless anticipation that 

often leads to individuals eating more than required (Bernabe et al., 2013). All these 

factors might affect the high SSBs intake seen in females. Figure 4.3.1. below shows 

the prevalence of SSBs consumption stratified by SSBs quartiles among Ellisras 

rural youth aged 22-30 years. 
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Figure 4.3.1. The prevalence of SSBs consumption was stratified by quartiles 

among Ellisras rural youth aged 22–30 years. 

4.3.2: Prevalence of MetS components amongst Ellisras rural youth aged 22-30 

years stratified by SSBs quartiles.  

As shown in table 4.3.2: females depicted a high prevalence of most  MetS 

components across SSBs quartiles compared to males. Among females, the third 

SSBs quartile demonstrated a higher prevalence of high FBG (64.5%) compared to 

(35.5%) in males. These findings are higher than those reported by (Muluvhu et al., 

2018) where a higher prevalence of  FBG was reported in females (28%) and (19%) 

in males. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

In addition, the current study found a higher prevalence of low HDL-C and high WC 

among females compared to males and showed fluctuations across all the four SSBs 

quartiles. Moreover, elevated TG levels were higher among females than in males. A 

similar cross-sectional study conducted in the Boland district of the Western Cape 

Province, reported a higher prevalence of abdominal obesity measured by WC 

(63.3%) and low HDL-C (61.2%) in women compared to (31.7% and 39.0% 

respectively) of men (Kruger et al., 2017). However, contradicting results were found 

regarding elevated TG levels which were reported to be higher in men (53.7%) 

compared to 25.9% in women in the Boland district study. The differences in the 

studies might be due to the different working conditions where the participants from 
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the study by Kruger et al. (2017) consisted of only wine farm workers who involve 

mostly being outside and get exposed to hot, warm or cold weather conditions  as 

previously reported  by (Halonen et al., 2011) whereas in the latter study the 

participants were involved in various occupations such as in Matimba and Medupi 

electric power station, Iscor coal mine, and education (Lephalale Gov, 2018) which 

involves being mostly indoors. Furthermore, this study considered prevalent across 

the SSBs quartiles. 

Moreover, the prevalence of high SBP was significantly higher among males 

compared to females and decreased with higher intakes of SSBs across all the four 

SSBs quartiles. Meanwhile, high DBP (100%) among males was significantly 

prevalent only in the first SSBs quartile and it was higher compared to that of 

females (0%). These results suggest a higher prevalence of blood pressure among 

males compared to females. Similar findings were previously reported in the Ellisras 

population by Sekgala et al. (2018) where the prevalence of both SBP and DBP 

were higher in males than in females. Furthermore, similar results were also found in 

a study conducted by Solomon and  Mulugeta. (2019) among the Ethiopian 

population where elevated blood pressure was seen in men (65%) than in women 

(53%). 

 

There are several possible explanations for the above findings.  First, the 

physiological explanation of the current findings might be that female sex hormones 

such as oestrogen (Maris et al., 2005) expose them to increased levels of TG and 

HDL-C. Second, Rochlani et al. (2015) further indicated that gender difference in 

lipid profile is explained by a combination of the effect of hormones, hepatic lipase, 

and lipoprotein lipase activity, where women have higher lipoprotein lipase activity 

which favours more cholesterol metabolism and results in higher reduced HDL and 

TC compared to males. Third, the elevated WC or higher abdominal obesity seen 

among females could be attributed and influenced by factors related to social 

attitudes toward fatness and cultural norms, wherein African countries regarded 

being fat as a sign of happiness, wealth, and attractiveness (Peer et al 2016). Maris 

et al. (2015) further indicated that female sex hormones such as oestrogen are more 

protective against hypertension, and this clarifies why young females are at a lower 

risk of developing hypertension compared to their counterpart males. This suggests 
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that age plays a significant role in the development of hypertension or having 

elevated blood pressure (Rochlani et al., 2015). 

Table 4.3.2. below, shows the gender-specific distribution of MetS components of 

the Ellisras rural youth aged 22-30 years according to SSBs quartiles.
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Table 4.3.2: Gender-specific distribution of MetS components of the Ellisras rural youth aged 22–30 years according to SSBs quartiles. 

SSBs= sugar-sweetened beverages, FBG=fasting blood glucose; TG=triglycerides; HDL-C= high density lipoprote.in-cholesterol; WC=waist 

circumference; DBP= diastolic blood pressure; SBP=systolic blood pressure;*p<0.05; **p<0.001. 

 

 

 

 

 

 

 

 

Males 

Variables 

SSBs quartiles (%) Females 

Variables 

SSBs quartiles (%) 

 Q1 Q2 Q3 Q4 Females Q1 Q2 Q3 Q4 

High FBG (mmol/L) 44.1 47.1 35.5* 44.7 High FBG (mmol/L) 55.9 52.9 64.5* 55.3 

Low HDL-C (mmol/L) 25.3** 30.3** 30.0** 29.7** Low HDL-C (mmol/L) 74.7** 69.7** 70.0** 70.3** 

High TG (mmol/L) 46.7 46.7 49.3 44.7 High TG (mmol/L) 53.3 53.3 50.7 55.3 

High WC (cm) 29.6** 34.0** 20.0** 31.8* High WC (cm) 70.4** 66.0** 80.0** 68.2* 

High SBP (mm/Hg) 82.1** 80.0** 80.0* 78.3** High DBP (mm/Hg) 17.9** 20.0** 20.0* 21.7** 

High DBP (mm/Hg) 100** 53.1 100 60.0 High SBP (mm/Hg) 0** 46.9 0 40.0 
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4.4. Correlation 

 
4.4.1. The partial correlation coefficients between MetS components and obesity 

indices of the Ellisras rural youth aged 22-30 years. 

In the current study all the obesity indices were found to be significantly correlated 

with one another however a strong correlation was found between BMI and WHtR 

(r=0.895, p<0.001); BMI and WC (r=0.870, p<0.001) and these correlations were 

better than that of BMI and NC (r=0.182, p<0.05). This was in contradiction with a 

study conducted by Patil and colleagues. (2017) where a weak correlation between 

BMI and NC (r=0.405) was observed.  

In addition, a positive correlation between NC with MAP (SBP & DBP) (r=0.317, 

p<0.001); TG (r=0.156, p<0.001) and FBG (r=0.018) although it was nonsignificant 

(p>0.05). Similar results were reported by Zhou et al. (2013) and Laohabut et al. 

(2020) who also found a positive correlation of NC with BP, FBG, TG, LDL-C, and 

TC, although in the current study LDL-C and TC were not considered. Moreover, the 

current study found a positive correlation between NC and HDL-C (r=0.317, 

p<0.001) which was inconsistent with the findings by Zhou et al. (2013) and 

Laohabut et al. (2020) who found a negative correlation between NC and HDL-C. 

With regard to other obesity indices BMI was correlated with (MAP: r=0.086, p<0.05; 

FBG: r=0.046; p>0.05, TG: r=0.160, p<0.001); WC was correlated with ( MAP: 

r=0.106, p<0.001; FBG: r=0.048, p>0.05; TG: r=0.191, p<0.001); and WHtR was 

correlated with (MAP: r=0.019, p<0.05; FBG: r=0.053, p>0.05, p<0.001), these 

correlations are similar to those of NC  however, the latter results found a negative 

correlation between the three obesity indices and HDL-C [BMI (HDL-C: r=-0.146, 

p<0.001); WC ( HDL-C: r=-0.107, p<0,001); and WHtR (HDL-C: r=-0.129, p<0.001)]. 

This was in accordance with the results by Zhou et al. (2013) who also observed a 

positive correlation between anthropometric indices (NC, WC, BMI, WHpR) with 

cardiometabolic risk or MetS components and a negative correlation with HDL-C 

although WHtR was used in this study.  

Moreover, the above results support what was reported in other studies that BMI can 

be used to classify obesity (Alziedan et al., 2019, Shrestha et al., 2018; Tal et al., 

2019). Meanwhile, the WC and WHtR can be used as the simplest obesity indices to 

reflect visceral fat content, as well as better, predicting not only MetS but also other 
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cardiometabolic risk factors and mortality (Fan et al., 2016; Shrestha, 2018). 

Subsequently, the NC was also suggested as the best effective method to predict 

cardiometabolic factors and MetS (Alzeidan et al., 2019). Because it was reported 

that neck fat content is highly correlated with visceral fat content which is linked to 

adverse metabolic health effects (Luo et al., 2017; Patil et al., 2017).  

The correlation of obesity indices and MetS components among the Ellisras rural 

youth aged 22-30 years is depicted in Table 4.4.1.  

Table 4.4.1: Partial correlation coefficients of obesity indices and components 

of MetS of the Ellisras rural youth aged 22-30 years. 

Variables MAP 

mm/Hg 

FBG 

(mg/L) 

NC (cm) BMI 

(kg/m
2
) 

WC (cm) WHtR 

(cm) 

HDL-C 

(mg/L)  

MAP (mm/Hg) 1       

FBG mg/L 0.115** 1      

NC (cm) 0.317** 0.018 1     

BMI (kg/m
2
) 0.086* 0.046 0.182* 1    

WC (cm) 0.106** 0.048 0.283** 0.870** 1   

WHtR (cm) 0.019* 0.053 0.101* 0.895** 0.954** 1  

HDL-C (mg/L) 0.125** -0.096 0.013 -0.146** -0.107** -0.129** 1 

TG (mg/L) 0.186** -0.001 0.156* 0.160** 0.191** 0.157** 0.063 

MAP=mean arterial blood pressure, FBG=fasting blood glucose, NC=neck circumference, BMI=body 

mass index. WC=waist circumference, WHtR=waist to height ratio, HDL-C=high density lipoprotein- 

cholesterol. *P < 0.05, **P < 0.001 

4.4.1. The Spearman correlation coefficients for the correlation of MetS components 

and SSBs consumption of the Ellisras rural youth aged 22-30 years. 

Among males, the correlation between SSBs consumption and all the MetS 

components was very weak and non-significant (p>0.05). Among females, the 

correlation of SSBs consumption and MetS components were also very weak, 

however, only TG (r=-0.163; p=0.013) and WC (r=-0.151; p=0.021) had a significant 

negative correlation. This was in contradiction with the findings by Shin et al. (2018) 

who found a positive correlation between SSBs consumption and high FBG and 

reduced HDL-C in addition to abdominal obesity. In the study by Shin et al. (2018) 

the sample size was larger (12112), they used FFQ to assess SSBs or diet, included 

age group of 35-65 years and last used NCEP/ATP III to define MetS which might 
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explain possible reasons for controversies in the studies. Table 4.4.2. below shows 

the correlation of MetS components and SSBs consumption of the Ellisras rural 

youth aged 22-30 years. 

Table 4.4.2: Spearman correlation coefficients for the correlation of MetS 

components and SSBs consumption of the Ellisras rural youth aged 22-30 

years. 

MetS 
components 

SSBs 

Males Females 

R P value r P value 

FBG (mg/dl) 0.101 0.132 -0.024 0.710 

HDL-C (mg/dl) -0.080 0.327 0.074 0.260 

TG (mg/dl) -0.110 0.102 -0.163 0.013* 

WC (cm) 0.058 0.387 -0.151 0.021* 

SBP (mm/Hg) 0.026 0.699 -0.098 0.137 

DBP (mm/Hg) -0.026 0.705 -0.014 0.827 
SSBs=sugar-sweetened beverages; HDL-C=high density lipoprotein cholesterol, WC= waist 

circumference, FBG=fasting blood glucose, SBP=systolic blood pressure, DBP=diastolic blood 

pressure, TG= triglycerides, r=correlation, *p<0.05. 

4.5. Logistic regression 

4.5.1. Logistic regression analysis for the association of SSBs consumption and risk 

of MetS components amongst Ellisras rural youth aged 22-30 years. 

 

In the Ellisras population it was found that, for adjusted (OR=2.32; CI=1.15-4.70; 

p<0.05) and unadjusted (OR=2.34; CI=1.16-4.73; p<0.05) model, high FBG was only 

associated with SSBs in quartile 4 (CI =1.15-4.70; p<0.05) in males. Whereas the 

extended mantel-haenszel showed a significant linear trend (p for trend=0.049) in 

SSBs quartiles for the unadjusted models. High TG indicated fluctuating trend (p for 

trend =0.041) with increasing SSBs quartiles categories also for the unadjusted 

model. Moreover, low risk of reduced HDL-C was associated with both the second 

and fourth SSBs quartiles for both unadjusted (OR=0.40; CI=0.18-0.85; p<0.05; 

OR=0.37; CI=0.13-0.80; p<0.05) respectively and adjusted (OR=0.40; CI=0.18-0.85; 

p<0.05; OR=0.37; CI=0.17-0.80; p<0.05) in females. There was no significant 

association between high WC and any SSBs quartile (p>0.05) in both adjusted and 

unadjusted logistic regression models, however, there was a significant linear trend 

observed among the quartiles for the adjusted model (p trend =0.001). The high 

SSBs quartile 4 was likely to decrease the risk of high TG for both unadjusted 
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(OR=0.12; CI=0.01-0.87; p<0.05) and adjusted (OR=0.10; CI=0.01-0.83; p<0.05) 

models in females. Additionally, there was a significant linear trend observed in the 

SSBs quartile for high TG (p trend=0.006) for unadjusted models. The presents 

study’s findings are partly in agreement with those reported in the previous studies. 

Previous studies reported that higher consumption or the highest SSBs quartile 

consumption was significantly associated with a higher incidence of obesity, MetS 

and its components that include hypertriacylglycerolaemia, central obesity/increased 

WC, impaired fasting glucose, high blood pressure/hypertension, and low HDL-C 

compared to lower SSBs intake or with the first (lower) SSBs quartile category 

(Dhinga et al., 2007; Barrio-Lopez et al., 2013; Ejtahed et al., 2015). Subsequently, 

in the study by Ejtahed et al. (2015), it was reported that the odds of MetS and its 

components indicated an increasing trend across the increasing SSBs quartiles. 

However, this contradicted with the findings of the current study where a non-linear 

trend in the SSBs quartile categories was observed suggesting association or 

possibility of causing risk of MetS and its components or related diseases following 

consumption of smaller quantities or doses of SSBs. The latter results confirm the 

previous report that indicated the evidence of a non-linear trend between the SSBs 

consumption and MetS that it does not always follow the dose-response relationship 

(Zhang et al., 2021).  

In addition, in both the unadjusted and adjusted models, there was no significant 

association observed for high WC, high SBP, and high DBP with SSBs in the general 

population of Ellisras (males and females). This contrasted with the results obtained 

in the above studies by (Dhinga et al., 2007; Barrio-Lopez et al., 2013; Ejtahed et al., 

2015). There are a few potential reasons that might explain different results that are 

found between the studies. First, different study populations, sample sizes, study 

designs, how SSBs were assessed, age group, characteristics of the participants 

and study location might partly provide reasons for contradicting findings. Second, it 

was reported that among the activities that are mainly practised in the rural areas 

include herding of livestock, doing agricultural activities, walking long distances to 

fetch firewood and water (Lephalale Gov, 2018) and this might have contributed as a 

form of physical activity. Physical activity was reported to contribute to increased 

energy expenditure, which is vital in maintaining a healthy, balanced body weight 

(DeBoeer, 2019) and the excess energy provided by the consumption of SSBs. On 
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the other hand, physical activity improves insulin sensitivity and lipids profile and 

thereby protects against diseases such as those that are linked with increased body 

weight, SBP and DBP (Myers et al., 2019; Zając-Gawlak et al., 2021).  

The low risk induced by the consumption of SSBs on the development of some MetS 

components in the present study could be attributed to the types of SSBs that were 

mostly consumed by the Ellisras youth which included fruit juices, tea, coffee with full 

cream milk or powdered milk. However, the latter SSBs types were reported to be 

the second-largest consumed SSBs in both urban and rural areas of South Africa 

(Temple and Steyn, 2013; Ronquest-Ross et al., 2015). Moreover, those SSBs types 

were reported to contain ingredients such as antioxidants, fibres, proteins, vitamins 

(A, B12 and riboflavin) and minerals (calcium, phosphorus, magnesium, potassium, 

and zinc) amongst the others which were reported to be protective against adverse 

health effects (Ruxton et al., 2006). The probable mechanism that can partly explain 

the association between SSBs consumption and MetS components are indicated 

below. 

The SSBs consumption disrupts the hormones that are involved in regulating energy 

balance and satiety centres, thus this might encourage over intake which increases 

positive energy in the body, overall body weight and WC (Malik et al., 2013; 

Deshpande et al., 2017). Moreover, over-consumption of fructose and sucrose from 

SSBs stimulates and initiates the production of lipid in the liver resulting in increased 

serum triglycerides and cholesterol (HDL-C) levels leading to accumulation, and the 

build-up of visceral fat (Lustig et al., 2012; Solomi et al., 2019). The glucose sugar 

contained in the SSBs has a higher glycaemic index that can result in high spikes of 

blood glucose and might lead to β-cell dysfunction, glucose intolerance, insulin 

resistance and inflammatory biomarker leading to increased incidence of T2DM 

(Malik and Hu, 2019). On the other hand, fructose inside the SSBs triggers the 

production of uric acid in the liver (Lustig et al., 2012) which leads to the activation of 

the renin-angiotensin system and consequently reduces nitric oxide production (Feig 

et al., 2008) leading to elevated blood pressure and high incidence of hypertension 

(Perez-Pozo et al., 2010). Table 4.5.1. below presents the odds ratios, 95% 

confidence interval and a linear trend for the association between MetS components 

and SSBs quartiles among the Ellisras rural youth aged 22-30 years. 
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Table 4.5.1: The odds ratios and 95% confidence interval for the association between MetS components and SSBs quartile 

among Ellisras rural youth aged 22-30 years. 

SSBs=sugar-sweetened beverages; OR=odds ratio; CI= confidence interval; FBG= fasting blood glucose; HDL-C= high density lipoprotein-

cholesterol; TG= triglyceride; SBP=systolic blood pressure; DBP= diastolic blood pressure; *P< 0.05 

Males Unadjusted for Age Adjusted for Age 

Variables SSBs Quartiles SSBs Quartiles 

 Q1 Q2 Q3 Q4  P for 

Trend 

Q1 Q2 Q3 Q4 P for 

Trend   OR(CI) OR(CI) OR(CI)  OR(CI) OR(CI) OR(CI) 

High FBG 

(mmol/L) 

1 1.29(0.678-2.49) 0.87(0.37-2.62 

 
2.32(1.15-4.70) * 0.049 1 1.31(0.68-2.53) 0.89(0.38-2.12) 2.34(1.16-4.73) * 0.343 

Low HDL-C 

(mmol/L) 

1 0.98(0.48-2.03) 1.54(0.64-3.67) 

 

1.40(0.66-2.98) 0.261 1 1.04(0.50-2.06) 1.62(0.67-3.90) 1.49(0.69-3.20) 0.226 

High TG 

(mmol/L) 

1 0.93(0.31-2.79) 0.29(0.03-2.42) 

 

0.17(0.02-1.40)  0.041 1 1.09(0.35-3.42) 0.35(0.04-3.04) 0.19(0.02-1.65)  0.273 

Excess WC 

(cm) 

1 0.75(0.39-1.45) 1.02(0.45-2.23) 

 

0.57(0.29-1.11) 0.957 1 1.15(0.52-2.54) 0.70(0.23-2.16) 1.21(0.52-2.83) 0.109 

High SBP 

(mm/Hg) 

1 0.97(0.49-1.92) 0.67(0.27-1.70) 

 

0.99(0.47-2.08) 0.819 1 0.94(0.47-1.88) 0.67(0.26-1.71) 0.96(0.46-2.02) 0.111 

High DBP 

(mm/Hg) 

1 0.55 (0.12-2.55) 0.53(0.09-3.03) 

 

0.97(0.25-3.78) 0.564 1 0.57(0.12-2.70) 0.58(0.010-3.33) 1.04(0.26-4.12) 0.177 

Females Variables 

High FBG 

(mmol/L) 

1 1.07(0.55-2.06)  1.36(0.61-3.06) 0.77(0.40-1.50) 0.525 1 1.07(0.55-2.06) 1.36(0.61-3.04) 0.77(0.40-1.50) 0.484 

Low HDL-C 

(mmol/L) 

1 0.40(0.18-0.85) * 0.81(0.30-2.20) 0.37(0.13-0.80) * 0.050 1 0.40(0.18-0.85) * 0.81(0.30-2.19) 0.37(0.17-0.80) * 0.860 

High TG 

(mmol/L) 

1 0.93(0.33-2.66) 0.22(0.03-1.82) 0.12(0.01-0.87) * 0.006 1 0.92(0.32-2.61) 0.22(0.03-1.82) 0.10(0.01-0.83) * 0.407 

Excess WC 

(cm) 

1 1.07(0.50-2.29) 0.62(0.21-1.84) 1.15(0.51-2.59) 0.151 1 0.86(0.389-1.50) 1.01(0.44-2.31) 0.60(0.31-1.19) 0.001 

High SBP 

(mm/Hg) 

1 1.15(0.33-3.94) 0.75(0.14-4.09) 0.94(0.03-3.41) 0.819 1 1.15(0.33-3.94) 0.75(0.14-4.09) 0.94(0.24-3.41) 0.948 

High DBP 

(mm/Hg) 

1 0.70(0.04-1.46) 1.25(0.07-1.48) 1.32(0.36-1.62)  0.782 1 0.70(0.07-1.49) 1.24(0.07-1.49) 1.33(0.36-1.72)  0.995 
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4.6. Goodness fit statistics model. 

4.6.1. Goodness fit statistics for various factor models to predict metabolic syndrome 

amongst Ellisras rural youth aged 22-30 years. 

A single model fit built on NC obtained a better fit index (CFI=0.90, TLI=0.71, 

RMSEA=0.05 and AIC= -429.21) for females than found in other indices, suggesting 

a better ability to predict MetS compared to other obesity indices.  In males, all the 

single-factor models had RMSEA values closer to 0, CFI and TLI values greater than 

0.95, indicating good fit indices, however, a single model fit built based on WC and 

WHtR had the smallest AIC values (−2680 and −2662 respectively), suggesting 

better fit indices than NC and BMI. This disagreed with the results of Gómez-Marcos 

and colleagues. (2013) where they found BMI as the best determinant of MetS in 

males and WC in females.  

Concerning the above findings, it can be said that both males and females have 

different obesity indices to identify MetS. According to Zhang and colleagues. (2013) 

what causes gender differences among obesity indices is uncertain, but it was 

indicated that sex hormones, age, metabolism, anatomy, and physiology might play 

a partial role in the clarification of this. Hormones such as testosterone influences 

muscle mass to fat mass ratio in males where most develop android fat distribution 

mainly in the abdomen, chest and shoulder resulting in higher WC and WHtR (Bays 

et al., 2005). Nonetheless, oestrogen influences fat distribution in females where 

most develop gynoid fat distribution mainly around the hips, thighs and bottom when 

ageing (Bays et al., 2005).  

 

 

Table 4.6.1. demonstrates standardised factor loading values for each of the four 

observed variables per model.  

 

Table 4.6.1: Goodness-of-fit statistics for various factor models of metabolic 

syndrome among the Ellisras rural young adults. 
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MAP=mean arterial pressure, FBG=fasting blood glucose, NC=neck circumference, BMI=body mass index. WC=waist circumference, WHtR=waist to height ratio, HDL=high 

density lipoprotein, TG=triglyceride, CFI= comparative fit index, TLI= tucker lewis index, RMSEA =root mean square error of approximation, AIC= akaike’s information criterion, 

*p<0.001, chi-square test.

Models for Males                            Measure of Fit Models for Females                  Measure of Fit 

Factor 
Models 

Estimate
s 

Chi-
square 
(df) 

CFI TLI RMSEA 
(CI) 
P-value 

AIC Factor 
Models 

Estimat
es 

Chi-
square 
    (df) 

CFI TLI RMSEA 
(CI) 
P-value 

AIC 

MAP 0.5273 Chi-
square=0.1
2 
Df=2 
P-
value=0.94
18 

1.000 1.112 0.000 
(0.000;0.
023) 
0.971 

-453.084 MAP 1.0000 Chi-
square=3.8
4 
Df=2 
P-
value=0.14
63 

0.90 0.71 0.050 
(0.000;0.1
38) 
0.352 

-429.21 

FBS 0.2227 FBS 0.1578 

TG 0.4786 TG 0.0952 

NC 0.4920 NC 0.1739 

MAP 0.4170 Chi-
square=1.0
5 
Df=2 
P-
value=0.59
05 

1.000 1.056 120.000 
(0.000;0.
097) 
0.764 

-2555.232 MAP 0.4787 Chi-
square=10.
87 
Df=2 
P-
value=0.00
44* 
 

0.757 0.270 0.121 
(0.058;0.1
95) 
0.035 

-2373.84 

FBS 0.2033 FBS 0.0949 

TG 0.6015 TG 0.2507 

BMI 0.4760 BMI 0.5534 

MAP 0.4208 Chi-
square= 
1.14 
Df=2 
P-
value=0.56
52 

1.000 1.051 0.000 
(0.000;0.
099) 
0.747 

-2680.055 MAP 0.3543 Chi-
square= 
11.36 
Df=2 
P-
value=0.00
34* 

0.696 0.089 0.124 
(0.061;0.1
98) 
0.029 

-2549.747 

FBS 0.2254 FBS 0.0333 

TG 0.5824 TG 0.2938 

WC 0.4841 WC 0.6022 

MAP 0.4171 Chi-
square= 
1.32 
Df=2 
P-
value=0.51
78 

1.000 1.046 0.000 
(0.000;0.
103) 
0.712 

-2661.463 MAP 0.3055 Chi-
square=11.
32 
Df=2 
P-
value=0.00
35* 

0.657 0.028 0.124 
(0.061;0.1
98) 
0.030 

-2533.703 

FBS 0.2245 FBS 0.0188 

TG 0.5870 TG 0.3261 

WHtR 0.4312 WHtR 0.5746 
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4.7. CONCLUSION 

The findings of the current study showed an association between SSBs consumption 

and some MetS components (high TG, reduced HDL-C, and high FBG), suggesting 

no association between MetS and SSBs among young adults of the population 

studied. Moreover, it  found the obesity indices such as WC, WHtR and NC as the 

better determinants of MetS. These obesity indices imply a likelihood to be used as 

the predictors of MetS, especially among young adults. Longitudinal studies are 

needed to investigate the association between SSBs consumption and MetS. and 

best obesity to use to identify MetS. Additionally, to further investigate the best 

obesity indices to determine MetS.  
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5.1. INTRODUCTION 

This chapter summarises the results of the research study, it includes all the 

explanations and discussion of the main findings according to the hypothesis and the 

questions asked in chapter 1  and appropriate conclusions are made. This is 

followed by limitations and recommendations for future research concerning the 

association between SSBs intake and risk of MetS and the best obesity indices to 

use to identify MetS among Ellisras youth. 

5.2. SUMMARY 

Chapter 1 outlined the motivation for investigating the association between the 

consumption of SSBs and the risk of MetS in Ellisras rural areas in the Limpopo 

Province of South Africa. The need to further investigate the best obesity indices to 

identify MetS was also indicated. The subsequent objectives of the study which were 

stated in chapter one we’re used to answering the above statements and are as 

follows: 

I. Determine the prevalence of SSBs using a 24-hr recall questionnaire amongst 

Ellisras rural youth aged 22 to 30 years. 

II. Determine the prevalence of MetS components (TG, HDL-C, FBG, WC, SBP, 

DBP) amongst Ellisras rural youth aged 22 to 30 years. 

III. Determine which MetS components (TG, HDL-C, FBG, WC, SBP, DBP)  are 

associated with the SSBs consumption amongst Ellisras rural youth aged 22 to 30 

years. 

IV. Determine if there was a risk of developing MetS following SSBs intake amongst 

Ellisras rural youth aged 22 to 30 years.  

V. Determine the best obesity indices for identifying Mets amongst Ellisras rural 

youth aged 22 to 30 years. 
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VI. Determine if there is a correlation between obesity indices (BMI, WHtR, WC, NC) 

with MetS components (HDL-C, FBG, WC, MAP (SBP, DBP)) amongst Ellisras rural 

youth aged 22 to 30 years.  

VII. Determine if there was a correlation between the SSBs consumption and MetS 

components amongst Ellisras rural youth aged 22 to 30 years. 

Chapter 2, In the literature, the SUN prospective study of follow up of 6 years 

duration reported that ―an increase in the consumption of SSBs is associated with 

high blood pressure, hypertriacylglycerolaemia, central obesity and impaired fasting 

blood glucose‖ (Barrio-Lopez et al., 2013). High consumption of SSBs also increases 

other risk factors associated with MetS such as gout, cancers, diabetes, increased 

uric acid levels, non-alcoholic fatty liver diseases, CVDs, and obesity to name a few 

(Knopp et al., 2005; Malik and Hu 2019). However, other studies indicated that not 

all types of SSBs are associated with the risk of developing MetS (Imamura et al., 

2015; Imamura et al., 2019). It was reported in the literature that substitution of soft 

drinks/ carbonated drinks with water, plain tea, coffee, fresh fruit juice and milk 

amongst the others was associated with low risk of weight gain, obesity, T2DM and 

29% reduction in risk of MetS (de Koning et al., 2011; Pan et al., 2013; Zheng et al., 

2015; Pienovi et al., 2018; Imamura et al., 2019). Moreover, it was reported that 

obesity indices such as BMI, WC, WHtR and NC are used extensively to measure 

metabolic health effects (Fan et al., 2016; Shrestha et al., 2018; Tal et al., 2019).The 

BMI, WC and WHtR were reported as the simplest indices to precisely assess overall 

and central/abdominal obesity which are known to have a strong link with adverse 

metabolic health complications (Fan et al., 2016; Shrestha et al., 2018; Tal et al., 

2019). The NC, on the other hand, was also reported as a relevant technique to 

identify measures of MetS and found to correlate positively with BMI, WC and WHtR 

in assessing metabolic risk factors (Luo et al., 2017; Patil et al., 2017; Alzeidan et al., 

2019). 

Chapter 3, the cross-sectional design of the study was explained. The methods that 

were followed to collect the data and how the data was analysed were also stated in 

this chapter. Logistic regression analysis was used to determine the association 

between SSBs consumption and risk of MetS. Goodness-of-fit statistics for various 

factor models were used to identify the best obesity index to determine MetS. 
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Chapter 4, the description of the results and the discussion were stated. In the 

Ellisras population the highest SSBs quartile was significantly associated with 

increased risk of high FBG (p<0.05) where there was a significant linear trend (p for 

trend=0.049) in SSBs quartiles in males. High TG indicated a fluctuating trend (p for 

trend =0.041) with increasing SSBs quartiles categories for males. Reduced HDL-C 

was associated with both the lower and higher SSBs quartiles (p<0.05) whereas the 

highest SSBs quartile likely decreased the risk of high TG (p<0.05) in females. 

Moreover, there was a significant linear trend observed among the quartiles (p trend 

=0.001). Additionally, there was no significant association between SSBs 

consumption and WC (p>0.05) but a significant linear trend across the SSBs quartile 

categories (p trend=0.001) in females. These findings are partly similar with those 

found in previous studies (Dhinga et al., 2007; Barrio-Lopez et al., 2013; Ejtahed et 

al., 2015). In males, a single model fit built based on WC and WHtR suggested a 

better fit index as compared to NC and BMI. Single model fit built on NC obtained a 

better fit index than other obesity indices in females.  

In conclusion, the findings of the current study showed an association between SSBs 

consumption and some MetS components (high TG, reduced HDL-C, and high 

FBG). Moreover, the findings of the current study suggest that obesity indices such 

as WC, WHtR in males and NC in females can be used as important diagnostic tools 

in predicting MetS because of their stronger ability to precisely reflect visceral fats 

which are strongly linked to metabolic complications.  Future work is needed to build 

on the current studies’ results to investigate further on inflammatory variables such 

as C-reactive protein since it was proposed as a component of MetS, HOMA-IR can 

be added to the model as a measure of insulin resistance and last optimal cut-points 

of the obesity indices using Receiver Operating Characteristic (ROC) can be found. 

Longitudinal clinical studies with a longer duration are needed to further investigate 

the pathway/mechanism in which the consumption of SSBs results in MetS on a 

molecular level in rural South African settings. 

 

Interpretation of the main findings and a comparison with the relevant literature 

together with the objectives and hypothesis stated in chapter 1. 
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Objective 1: Determine the prevalence of SSBs using a 24-hr recall 

questionnaire for Ellisras rural youth aged 22 to 30 years. 

i. Hypothesis 1: The prevalence of SSBs consumption will be high amongst 

Ellisras participants compared to those studied in the world. 

In our results, females showed a high SSBs consumption with the higher quartile Q4 

having (31.3 %) than males (26.6%). The current result reported higher consumption 

or prevalence of SSBs among females  compared to males which corroborate with 

the finding of the previous study conducted in rural areas that found the higher 

consumption of sucrose-sweetened beverages among women with 33% to 63% than 

25% to 56% for men (Voster et al., 2014). However, the current study found a lower 

prevalence of SSBs consumption in both females and males compared to that 

reported by (Voster et al., 2014). In the literature, the physiological explanation in the 

differences and increase in sugar/sweet food cravings results from a difference in 

hormonal concentration and mechanisms between males and females, where 

hormones such as testosterone, progesterone and oestrogen play an important role 

in regulating food cravings and consumption (Hallam et al., 2016). Moreover, in 

females, craving for sugar or sweet food is increased when approaching the monthly 

period (Hallam et al., 2016). It was also explained that interaction in sociological, 

environmental, and biological factors also accounts for the differences in food 

craving (Hallam et al., 2016). In support of the above statement studies conducted 

by ( Nederkoorn et al., 2000; Bernabe et al., 2013) reported that repeated exposure 

to taste, visual or olfactory cues are very significant in cue-induced craving while at 

the same time increasing the signal of salivation, heart, and gastric activity. 

Moreover, internal factors such as feelings (boredom, loneliness, sadness etc) may 

as well generate restless anticipations that often leads to individuals eating more 

than required (Bernabe et al., 2013).  

 

With regard to the above results, the hypothesis is therefore accepted. 

 

Objective 2: Determine the prevalence of MetS components  (HDL-C, FBG, WC, 

SBP, DBP) among the Ellisras rural youth aged 22-30 years. 
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ii. Hypothesis 2: The prevalence of most of MetS components (FBG, HDL-C, 

WC, SBP and DBP) will be high among Ellisras rural youth aged 22-30 years 

compared to  those studied in the world. 

The current study found that the third SSBs quartile demonstrated a higher 

prevalence of high FBG in females (64.5%) compared to males (35.5%). These 

findings are higher than those reported by (Muluvhu et al., 2018).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

In the study conducted in the Vhembe district of the Limpopo Province (Muluvhu et 

al., 2018) it was found that the prevalence of FBG was higher in females (28%) than 

(19%) in males and this supports what was found in the current study. 

The prevalence of low HDL-C and WC was significantly higher in females (74.7%, 

69.7%, 70.0%, 70.3%; 70.4%, 66.0%, 80.0%, 68.2%) respectively  compared to 

males (25.3%, 30.3%, 30.0, 29.7%; 29.6%, 34.0%, 20.0%, 31.8%) respectively and 

also showed fluctuations across all the four SSBs quartiles. These prevalence’s are 

higher than those reported in the Western Cape by (Kruger et al., 2017).  Kruger et 

al. (2017) reported that women demonstrated a higher prevalence of abdominal 

obesity as measured by WC (63.3%) and low HDL-C (61.2%) compared to (31.7% 

and 39.0% respectively) of men (Kruger et al., 2017). There are several possible 

explanations for the above findings.  First, the physiological explanation of the 

current findings might be that female sex hormones such as oestrogen (Maris et al., 

2005) exposes them to increased levels of TG and HDL-C. Second, Rochlani et al. 

(2015) further indicated that gender difference in lipid profile is explained by a 

combination of the effect of hormones, hepatic lipase, and lipoprotein lipase activity, 

where women have higher lipoprotein lipase activity which favours more cholesterol 

metabolism and results in higher reduced HDL and TC compared to males. Third, 

the elevated WC or higher abdominal obesity seen among females could be 

attributed and influenced by factors related to social attitudes toward fatness and 

cultural norms, wherein African countries being fat is regarded as a sign of 

happiness, wealth, and attractiveness, especially in females (Peer et al., 2016). 

The prevalence of high SBP was significantly higher among males (82.1%, 80.0%, 

80.0%, 78.3%) compared to females (17.9%, 20.0%, 20.0%, 21.7%) and decreased 

with higher intakes of SSBs across all the four SSBs quartiles. Meanwhile, high DBP 

(100%) among males was significantly prevalent only in the first SSBs quartile and it 

was higher as compared to that of females (0%). These results suggest a higher 

prevalence of blood pressure issues among males as compared to females. Similar 
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findings were previously reported in the Ellisras population by Sekgala et al. (2018) 

where the prevalence of both SBP and DBP were higher in males than in females. 

Furthermore, supporting results were also found in a study conducted by Solomon 

and  Mulugeta. (2019) among the Ethiopian population where elevated blood 

pressure was seen in men (65%) more than in women (53%). The high prevalence 

of SBP and DBP or blood pressure was higher in the current study compared to that 

reported by (Sekgala et al., 2018 and Solomon and Mulugeta, 2019). Maris et al. 

(2015) indicated in an animal model that female sex hormones such as oestrogen 

are more protective against hypertension, and this partly explains why young 

females might be at a lower risk of developing hypertension compared to their 

counterparts’ males. This suggests that age plays a significant role in the 

development of hypertension or having elevated blood pressure (Rochlani et al., 

2015). 

 

With regard to these findings, the original hypotheses are now addressed thus 

accepted.  

 

Objective 3: Determine which MetS components (TG, HDL-C, FBG, WC, SBP, 

DBP)  were associated with the SSBs consumption among the Ellisras rural 

youth aged 22 to 30 years.   

iii. Hypothesis 3: All the components of MetS will be significantly associated 

with the consumption of SSBs amongst ELS rural youth aged 22 to 30 years. 

The SSBs quartile 4 was associated with a high risk of high FBG for adjusted 

(OR=2.32; CI=1.15-4.70; p<0.05) and unadjusted (OR=2.34; CI=1.16-4.73; p<0.05) 

model were a significant linear trend (p for trend=0.049) was found in males. Low 

risk of reduced HDL-C was associated with the second and fourth SSBs quartiles for 

unadjusted ((OR=0.40; CI=0.18-0.85; p<0.05; OR=0.37; CI=0.13-0.80; p<0.05) 

respectively and adjusted (OR=0.40; CI=0.18-0.85; p<0.05; OR=0.37; CI=0.17-0.80; 

p<0.05) respectively in females. Moreover, the fourth SSBs quartile was likely to 

decrease the risk of high TG for unadjusted (OR=0.12; CI=0.01-0.87; p<0.05) and 

adjusted (OR=0.10; CI=0.01-0.83; p<0.05) models were the significant linear trend 

(p= trend 0.006) was observed. There was a significant linear trend association 

between SSBs quartiles consumption and high TG in males and high WC in females, 
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but logistic regression analysis didn’t depict any association (p>0.05). These findings 

are partly similar to those reported in the literature which found a significant 

association of higher consumption of SSBs with a higher incidence of obesity, MetS 

and its components that include hypertriacylglycerolaemia, central obesity/increased 

WC, impaired fasting glucose, high blood pressure/hypertension, and low HDL-C 

compared to lower SSBs intake (Dhinga et al., 2007; Barrio-Lopez et al., 2013). 

Moreover, Ejtahed et al. (2015) reported that the participants in the higher SSBs 

quartile had a 35% increased risk of abdominal obesity, 27% risk of high BP, 24% 

risk of reduced HDL-C than those in the lowest quartile of SSBs consumption. 

Ejtahed et al. (2015) further explained that the risk of developing MetS and its 

components showed an increasing linear trend across the increasing SSBs quartiles 

which was in contradiction with what was reported in the current study which 

reported a fluctuating linear trend across the SSBs quartiles categories. However, 

this confirms the previous report that have shown a non-linear trend between the 

SSBs consumption and MetS and that it does not always follow the dose-response 

relationship (Zhang et al., 2021). The types of SSBs such as fruit juices, tea, coffee 

among others might partly explain the low risk found in the current study because 

their constituents or ingredients such as antioxidants, minerals, proteins fibre and 

vitamins lower the risk of developing diseases (Ruxton et al., 2006). In the literature 

physical activity was reported as one of the protective measures that reduce the risk 

of developing diseases because of its ability to increase energy expenditure, improve 

metabolic profile, insulin sensitivity and maintain a healthy body balance (DeBoeer, 

2019; Myers et al., 2019; Zając-Gawlak et al., 2021). However, in the current study 

participants might have been involved in activities that increased their physical 

activity such as farming, walking long distances herding livestock, fetching water or 

firewood (Lephalale Gov, 2018), and would have decreased their risk of MetS. 

In line with the findings reported above, we thus reject the hypothesis. 

 

Objective 4: Determine if the Ellisras rural youth was at risk of developing 

MetS following SSBs intake. 

iv. Hypothesis 4: ELS rural youth aged 22 to 30 years will be at higher risk of 

developing MetS as compared to those studied in other parts of the world. 
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According to the joint interim statement by the IDF and various organisations (Alberti 

et al., 2009) an individual is diagnosed with MetS if having any three or more of the 

MetS components. In referring to the above-mentioned statement, females of the 

current study had reduced HDL-C, and high TG which was associated with the 

consumption of SSBs while males had high FBG which was associated with SSBs 

consumption. Therefore, the current study participants are at a lower risk of 

developing MetS as compared to those reported in the study by Ejtahed et al. (2015) 

who found increased odds of developing MetS as well as 35% higher odds of 

abdominal obesity, 24% odds of low HDL-C and 27% higher odds of elevated BP. 

The low risk of developing MetS found in the current study could have been from 

factors such as increased physical activity which might have resulted from activities 

such as walking long distances to fetch water and firewood, herding livestock in the 

field and doing farming (Lephalale Gov, 2018). This might have masked the effect of 

a high intake of SSBs and have resulted in a lower risk of MetS. Moreover, in the 

literature fruits juices, tea, coffee with cream milk were reported to be the second 

most consumed SSBs types after soft drinks by both the urban and rural dwellers 

(Temple and Steyn, 2013; Ronquest-Ross et al., 2015). However, the current study 

participants might also have consumed the above mentioned SSBs type which was 

reported to have the ability to protect against the diseases because of ingredients or 

constituents such as fibre, proteins, vitamins and minerals, protein, and antioxidants.  

 

In line with the findings reported above, we thus reject the hypothesis. 

Objective 5: Determine the best obesity indices for identifying Mets amongst 

ELS rural youth aged 22 to 30 years. 

v. Hypothesis 5: All the obesity (BMI, WHtR, WC and NC) could identify MetS 

amongst ELS rural youth aged 22 to 30 years compared to those studied in the 

world. 

 In males, a single model fit built based on WC and WHtR suggested a better fit 

index than NC and BMI. Whereas in females single model fit built on NC obtained a 

better fit index compared to BMI, WC, WHtR. This disagreed with the results of 

Gómez-Marcos and colleagues. (2013) where they found that BMI was the best 

determinant of MetS in males and WC in females. The probable reason to account 
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for these differences could be that the participants were from a Spanish population 

and the study focused on a full adult age range (20–80 years) in the study by 

Gomez-Marcos et al. (2013) whereas in the current study only black youth aged 22-

30 years were included. Neck circumference was reported to be the reliable, 

relevant, and best practical obesity index in females to determine MetS than other 

indices since it can be used to overcome or avoid limitations of WC, WHtR and BMI 

especially in health conditions that might affect the validity of measurements (Laasko 

et al., 2002; Hoebel et al., 2014). The health conditions include when the female 

participant is overweight or obese, pregnant, as well as in postmenopausal or 

menopausal status (Laasko et al., 2002; Hoebel et al., 2014). This is appropriate 

given that females in the current study are at childbearing age and ought to gain 

weight with each pregnancy. In addition, NC was also reported to have the ability to 

reflect the deposition of fat in the abdomen region which was reported to be 

associated with the release of basal and postprandial free fatty acids (FFAS) 

(Ferrannini et al., 2008; Koutsari, et al., 2008). In addition, the FFAS were reported 

to be commonly stored in subcutaneous tissue in females, however, this storage 

might partly explain the difference between the two genders (Ferrannini et al., 2008; 

Koutsari, et al., 2008). Additionally, it has been reported in literature that males tend 

to have an android body shape thus their fat distribution is mainly on the abdomen, 

chest, and shoulders which is indicative of the upper body fat distribution (Fan et al., 

2016; Shrestha, 2018). Furthermore, the current study found WC and WHtR found 

as the simplest appropriate indices in males to assess central/abdominal obesity and 

a better predictor of metabolic health complications (Fan et al., 2016; Shrestha, 

2018). However, BMI was found to be a poor reflection of body fat because of its 

inability to differentiate fat mass with fat-free mass and central obesity with 

abdominal obesity, even though it was reported to be used extensively in 

epidemiological studies (Peer et al., 2016; Anothaisintawee et al., 2019). However, 

this might form part of the reason why it was not the best obesity indices to 

determine MetS in both females and males of the current study. 

With regard to the above-reported findings, we, therefore, reject the 

hypothesis. 



 

132 
 

Objective 6: Determine if there was a correlation between obesity indices (BMI, 

WHtR, WC, NC) with MetS components (TG, HDL-C, FBG, WC, MAP (SBP, 

DBP)). 

vi. Hypothesis 6: All the obesity indices will be correlated with MetS 

components among ELS rural youth aged 22 to 30 years. 

The current study found that all the four obesity indices (NC, WC, WHtR and BMI) 

were correlated with MetS components (MAP, FBG, TG and HDL-C). These findings 

corroborate with the findings reported in the literature by Zhou et al. (2013) and 

Laohabut et al. (2020) who also reported a correlation between NC, BMI, WC and 

MetS components (SBP&DBP, FBG, TG and HDL). This is appropriate because it 

was reported in the literature that BMI is the better commonly used method to 

classify obesity meanwhile, the WC and WHtR are the simplest obesity indices 

commonly method used to reflect visceral fat content (Ashwell et al., 2014; Ching et 

al., 2020). Therefore, the latter obesity indices were reported to be better predictors 

of not only MetS but also other cardiometabolic risk factors and mortality (Ashwell et 

al., 2014; Ching et al., 2020). Subsequently, the NC was also suggested as the best 

effective method to predict cardiometabolic factors and MetS because it was 

indicated that neck fat content is highly correlated with visceral fat content which is 

linked with an adverse metabolic health effect (Laasko et al., 2002; Ashwell et al., 

2014; Hoebel et al., 2014; Ching et al., 2020). 

 

With regard to the above finding, we, therefore, accept the hypothesis. 

Objective 7: Determine if there was a correlation between the consumption of 

SSBs and MetS components (TG, HDL-C, FBG, WC, SBP, and DBP). 

vi. Hypothesis 6: All the MetS components (TG, HDL-C, FBG, WC, SBP, and 

DBP) among ELS rural youth aged 22 to 30 years will correlate with the 

consumption of SSBs. 

The correlation between the consumption of SSBs and all the MetS was non-

significant (p>0.05) and very weak (ranging from r=-0.026 to r=0.101) in males 

meanwhile in females only TG (r=-0.163; p=0.013) and WC (r=-0.151; p=0.021) had 

a significant negative correlation. This contradicted with the finding reported by Shin 
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et al. (2018), where a positive association between SSBs consumption and BMI, TG, 

FBG and DBP in women while in men consumption of SSBs was associated with 

DBP and not associated with BMI and other MetS components. In the study 

conducted by Shin et al. (2018)  a larger sample size was used (121120), FFQ was 

used to assess SSBs data, age group of 35-65 years were considered, and 

NCEP/ATP III was used to define MetS; while in the latter study a small sample size 

was used (593); a 24-hr questionnaire, included age group of 22-30 years old and 

used JIS to define MetS. The small sample size and the cross-sectional design and 

the 24hr questionnaire used in this study might partly explain why there was a weak 

and non-significant correlation between SSBs consumption and MetS components. 
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Figure 5.2.1. Shows the summary of the main results of the study. 

5.3. PERSPECTIVES OF THE STUDY 

This study highlights a low risk of MetS because of high SSBs consumption among 

the study participants. Another important aspect was that a non-linear association 

between SSBs intake and MetS components was found suggesting a non-dose-

response relationship and this confirms the findings of previous reports (Zhang et al., 

2020). These results also provide novel evidence that gender plays a significant role 

in the consumption of SSBs and in the development of MetS which supports the 

findings of previous studies (Kuk and Ardern, 2010). These findings are very 
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significant for South Africa which consists of a large number of youths with a high 

unemployment rate (Erzse et al., 2019; Okop et al., 2019) and who are the target of 

SSBs markets. Therefore, increased consumption of SSBs should be discouraged 

since lifestyle choices and habits established during this period (Winpeny et al., 

2017) might progress and be practised later on in life. Moreover, MetS risk factors 

attained during this period (youth) might progress to adulthood or elderly hood. This 

could further exacerbate the burden of cardiovascular risk factors which was 

reported to prevail (Sebati et al., 2019) in the Ellisras area. Researching about this 

topic is very significant and could serve as a basis for intervention programs to 

consider gender when formulating programmes. Moreover, the programmes could 

focus on protective measures that support increased physical activity and healthier 

eating habits to better manage and prevent the alarming increase in non-

communicable diseases in South Africa. Furthermore, the use of obesity indices in 

these populations can help screen and diagnose MetS as well as identify individuals 

at risk of health complications with the purpose of managing, preventing, and treating 

the metabolic risk factors while still at the early stages. 

5.4. LIMITATIONS 

It is of utmost importance to note factors that might have influenced the finding of the 

current study. This includes factors such as the study design, methodology and 

statistical analysis. 

 Due to the cross-sectional design of the study, the SSBs consumption pattern 

(such as employment status, education, time of the month and etc.) of 

participants overtime was not shown, nor was the causal relationship with 

MetS.  

  Although the study used a validated 24-hour dietary recall method for the 

collection of SSBs data, this method relies mostly on participant’s memory to 

recall the beverages consumed the past 24-hours and it is not able to indicate 

the individual’s day-to-day long term inter variability (Shim et al., 2014) and 

this might have an impact on the accuracy of the results.  

 The study did not control for potential confounders such as socioeconomic 

and lifestyle factors such as physical activity, smoking, alcohol consumption, 

and energy intake because only a few significant associations were obtained. 
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Furthermore, the above statement provides the reason for minimal effect after 

controlling by age. However, according to Malik and colleague. (2019) the 

advantage of adjusting with fewer confounders is its generalisability for the 

real world because study participants are prone to change their lifestyle 

without the investigator’s knowledge and intervention.  

 The participants in this study resided in the rural areas of the Ellisras of the 

Limpopo Province as a result the current sample of the population cannot be 

generalised and be observed as a representative sample of other rural areas 

of South Africa. Moreover, only rural black youth were the focus of the study; 

therefore, this should be investigated further on other ethnic groups living in 

the urban area to allow comparison since SSBs consumption and risk of MetS 

might differ by region, gender, ethnic group, and the criterion used to define it 

(Rochlani et al., 2015).  

 Additionally, the study only explored the association on youth thus a focus can 

also be put on different age groups.  

 This current study is part of the current ongoing ELS which aimed to identify 

causes of non-communicable diseases and lifestyle modification, thus it was 

not designed particularly to address the hypotheses articulated in the current 

study. However, it is well known that SA has the highest prevalence rate of 

Mets and was ranked the seventh globally with the highest SSBs sales thus 

studies investigating the association between MetS and SSBs are very limited 

especially in rural areas of SA. Therefore, the current study will provide new 

data on the association of SSBs consumption and MetS. Moreover, on the 

best obesity indices to predict MetS. 

 It must be noted that the associations found in the current study might 

probably be by chance even when bivariate logistic regression analysis was 

used in the adjusted model. 

Strength of the study 

 The study was well designed, done under controlled and adhered to all of the 

standard procedures.  

 To the authors best knowledge, it was the first study to investigate the 

association between SSBs consumption with MetS and the best obesity 

indices to predict MetS among rural youth. 



 

137 
 

5.5. RECOMMENDATIONS  

 Longitudinal studies are suggested to investigate the long-term association 

between the SSBs intake and risk of MetS.  

 Extensive statistical analyses should be included in future longitudinal studies.  

 Tax or levies should be imposed on SSBs to increase the prices and reduce 

the purchase and consumption. 

 Low-calories beverages or water can be chosen over SSBs. 

 Promotion and health intervention programmes can implement education and 

awareness campaigns or programmes to promote nutritional knowledge, the 

practice of healthy lifestyles such as decreasing in SSBs intake and change in 

attitude and behaviours towards SSBs especially in rural communities. 

 It should be mandatory for food industries to reduce the sugar content of 

SSBs. 

 Restriction of advertisement and promotion of SSBs through all kinds of 

media. 

 Future longitudinal studies can implement WHtR, WC and NC as 

determinants of MetS to support the finding of the current study, especially in 

South African rural settings. 

 Future large longitudinal studies are suggested to investigate the best obesity 

indices to determine MetS.  
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ANNEXURE B 

                                

                                       CONSENT FORM 

Project title:Investigating the association between sugar-sweetened beverages intake and risk of metabolic syndrome 

among Ellisras rural youth:Ellisras Longitudinal Study 

Project leader: Prof KD Monyeki 

Researcher: Ms MA Seloka  

 hereby voluntarily consent to participate in the following project: ―Investigating the association between sugar-sweetened beverages 

intake and risk of metabolic syndrome among Ellisras rural youth: Ellisras Longitudinal Study 

I understand that: 

1. The study deals with anthropometric measurement (weight, weight circumference and skin folds), blood pressure and blood 

sample on the human body and dietary intake 

2.  The procedure may hold some risk for me that cannot be foreseen at this stage.  

3.  The Ethics Committee has approved that individuals may be approached to participate in the study. 

4. The research project, aims and methods of the research, has been explained to me.  

5.  I will be informed of any new information that may become available during the research that may influence my willingness to 

continue my participation.  

6.  Access to the records that pertain to my participation in the study will be restricted to persons directly involved in the research.  

7.  Any questions that I may have regarding the research, or related matters, will be answered by the researcher/s. 

8.  Participation in this research is voluntary and I can withdraw my participation at any stage.  

9.  If any medical problem is identified at any stage during the research, or when I am vetted for participation, such condition will be 

discussed with me in confidence by a qualified person and/or I will be referred to my doctor.  

10.  I indemnify the University of Limpopo and all persons involved with the above project from any liability that may arise from my 

participation in the above project or that may be related to it, for whatever reasons, including negligence on the part of the 

mentioned persons. 

Signature of interviewee     Signature of witness 

---------------------------------------     ----------------------------------- 

Signature of interviewer---------------------------------------  
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UNIVERSITY OF LIMPOPO 

DEPARTMENT OF PHYSIOLOGY AND     

ENVIRONMENTAL HEALTH 

Private bag x1106 

           Sovenga                                                                     

0727  

SOUTH AFRICA 

Tel: (015) 268 2953 

Email: Kotsedi.monyeki@ul.ac.za 

Website: www.ul.ac.za 

The Headman (NDONA) 

Dear Sir/Madam 

ALL ELLISRAS LONGITUDINAL STUDY MEMBERS ARE KINDLY 

REQUESTED TO TAKE PART DURING THE PERIOD NOVEMBER 2019 TO 

December 2019 

High blood pressure and obesity are problems that seem to be more common in the community 

than they were 21-30 years ago. This is most likely a result of both environmental and genetic 

factors. Genetic factors are those factors you ―inherit‖ from your parents and grandparents. These 

conditions can lead to further health problems such as problems with eyesight, the heart and 

strokes, but the chance of having these problems can be lessened by treatment. It is my pleasure 

to report that the Department of Physiology and Environmental Health, University of Limpopo will 

commence with the Ellisras Longitudinal Study (ELS) shortly. The ELS will aim to track the role of 

lifestyle risk factors in determining adverse health outcomes. In particular, the development of non-

communicable diseases, including obesity, hypertension, diabetes, and coronary heart disease in a 

cohort of rural adolescents of South Africa over time.  

 

All Ellisras Longitudinal Study subjects will be requested to take part. This research is looking at the 

youth’ lifestyle risk factors and how they may affect the development of non-communicable 
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diseases, including obesity, hypertension, diabetes, coronary heart disease. If you agree to 

participate, you will be asked about what and how much you have eaten the previous day. 

Anthropometric measurements will include weight, height, waist circumference and your blood 

pressure will be measured. 

 

These measurements and interviews will take place from November 2019 to December 2019.  

 

Please allow me to refer to the PhD thesis of (Monyeki, 2000): 

 

―…Bahlalerwa (cultural name of our population) I requested for your help and you responded 

positively. I am happy because together we could make a difference. I am appealing to all of us to 

support and avail ourselves to any form of research activities taking place in our area. Such 

activities are geared towards improving the health not only of the Bahlalerwa population but the 

whole of South Africa if not Africa. We should keep focus and if somehow, we could be blinded, 

with the help of the Almighty God the father of Jesus Christ, crystals like glass will fall from our eyes 

like what happen to Paul in the Holy Bible. Our vision will be broadening, and we will no longer think 

and perform our duties inside the box….‖ 

 

Pass my regards to everybody at home. 

 

Yours sincerely 

Prof Kotsedi Daniel Monyeki     Dr Marlise van Staden 

Principal Investigator: Ellisras Longitudinal   Study Head of Department 
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ANNEXURE D 

 

Biochemical Measurements 

 

             

Triglycerides (mmol/l) 
           

HDL cholesterol (mmol/l) 
           

LDL cholesterol (mmol/l) 
        

Insulin µIU/mL 
        

 

M 9. Have you been told by a doctor or other health worker in 

the past year (12 months) that you have elevated blood 

pressure or hypertension? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 yes= 

1 

no 

=2 

 

Uncertain=3 

M 10. Are you currently receiving any of the following 

treatments for high blood pressure? 

 
Drug(s) prescribed by a doctor or other 

health worker2 

yes 

=1 

no 

=2 

Special diet prescribed by a doctor or other 

health worker 

Advice or treatment to lose weight 
  

Advice or treatment to stop smoking 
  

Herbal or traditional remedy 
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ANNEXURE E 

ANTHROPOMETRY AND BLOOD PRESSURE 

 

 

SUBJECT NUMBER: …………………………. DATE OF BIRTH: ……. /……../…….. 

 

GENDER: SCHOOL/VILLAGE NAME ........................... SCHOOL NUMBER/VILLAGE 

NUMBER: .......................... 

 

No Exam 

date 

Height (cm) Weight (kg) 

  1st trial 2nd 

 

trial 

1st trial 2nd 

 

trial 

      

      

      

      

      

      

      

      

      

      

 

 

 



 

 

NUMBER EXAM 

DATE 

Waist 

girth (cm) 

Blood 

pressure 1st 

trial 

mmHg 

Blood 

pressure 2nd 

trial (mmHg) 

Blood 

pressure 3rd 

trial (mmHg) 

COMMENTS FIELD 

WORKERS 

CODE 

  1st 

trial 

2nd 

 

trial 

SBP DBP PR SBP DBP PR SBP DBP PR   

               

               

               

               

               

               

               

                                                      SBP= Systolic Blood Pressure, DBP= Diastolic Blood Pressure, PR= Pulse R 
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ANNEXURE F: PERMISSION LETTER 
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ANNEXURE: G - 24H RECALL QUESTIONNAIRE 
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