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PREFACE 

 

This thesis is submitted to the University of KwaZulu Natal, College of Health Sciences in fulfilment of 
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ABSTRACT 

Background: The prevalence of type 2 diabetes is rising worldwide, with a rapid increase in sub-Saharan 

Africa. Diabetes prevalence in sub-Sahara Africa is expected to increase by 143% by 2045. Nevertheless, 

there is a scarcity of epidemiological data on the prevalence of type 2 diabetes mellitus (T2DM) and its 

associated risk factors in Swaziland. Therefore, this study aimed to determine the prevalence of T2DM and 

analyse the influence of environmental and lifestyle factors on developing type 2 diabetes among patients 

in a tertiary hospital in Manzini, Swaziland. 

Methods: A cross-sectional study (Paper I-IV) was conducted among 385 (197 [51.2%] men and 188 

[48.8%] women) randomly selected adult outpatients 18 years and older in a tertiary referral hospital in 

Manzini, Swaziland. Paper I estimated the prevalence of type 2 diabetes mellitus and prediabetes. Diabetes 

was defined as a fasting blood glucose (FBG) ≥ 7.0 mmol/L (126 mg/dL) and pre-diabetes was defined as 

an FBG of 6.1–6.9 mmol/L (110–125 mg/dL) and an FBG < 7.0 mmol/L (< 126 mg/dL), respectively for 

impaired fasting glucose (IFG) and impaired glucose tolerance (IGT). Paper II determined the dietary and 

lifestyle factors associated with T2DM, prediabetes, and hypertension among these adult outpatients. In 

Paper III, the prevalence of overweight and obesity was estimated while the factors associated with these 

conditions among adult outpatients were determined. Paper IV then evaluated the ability of standard 

anthropometric measures (body mass index [BMI], waist circumference [WC], waist-to-hip ratio [WHR]) 

to predict T2DM and hypertension risk in Swazi adults and to estimate their optimal cut-off levels. Data 

analysis was done using SPSS version 26, and the level of statistical significance was set at α < 0.05. 

Results: The crude prevalence of type 2 diabetes mellitus and pre-diabetes was 7.3% (95% CI 4.9–10.3) 

and 6.5% (95% CI 4.2–9.4) respectively, with clear gender differences. The overall age-adjusted prevalence 

rates of type 2 diabetes mellitus and pre-diabetes were 3.9% and 3.8%. Among the diabetic group, 10.7% 

had known T2DM, whereas 89.3% were newly diagnosed during the study. Advancing age, gender, raised 

blood pressure, abnormal body mass index, and wealth index were significant risk factors for T2DM or pre-

diabetes (Paper I). The overall prevalence of hypertension was 48.3%, while the prevalence of stage 1 and 

2 hypertension was 29.4% and 19%, respectively. In the multivariate analyses, consumption of vegetables 

(p <0.0001; β -3.05; AOR 0.05; 95% CI 0.02-0.15] ), fruits (p <0.0001; β -2.12; AOR 0.12; 95% CI 0.04-

0.38), sweet drinks (p=0.042; β 1.16; AOR 3.19; 95% CI 1.04-4.75), and salty processed foods (p=0.005; 

β 1.95; AOR 7.01; 95% CI 1.77-5.72) remained significantly associated with T2DM. Smoking (p=0.002; β 

2.19; AOR 8.90; 95% CI 2.27-34.82), consumption of fruits (p=0.014; β 1.35; AOR 0.26; 95% CI 0.09-

0.76), vegetables (p<0.0001; β -3.04; AOR 0.05; 95% CI 0.02-0.15), and sweet drinks (p=0.043; β 1.25; 

AOR 3.48; 95% CI 1.08-11.65) were independently associated with pre-diabetes, while the consumption 

of vegetables (p=0.002; β -0.86; AOR 0.42; 95% CI 0.24-0.75) and salty processed foods (p=0.003; β 0.74; 

AOR 2.10; 95% CI 1.32-3.34) were the factors independently associated with hypertension (Paper II). The 

overall prevalence of general obesity was 19.5% (women 33.5% vs men 6.1%), while the prevalence of 

central obesity was 27.3% by WC (women 26.1% vs men 28.4%) and 23.1% by WHR (women 23.1% vs 

men 22.9%). Prevalence rates of overweight were 26.5%, 15.3%, and 12.7% according to BMI (women 

33.5% vs men 19.8%), WC (women 16.0% vs men 14.7%), and WHR (women 14.4% vs men 11.2%), 

respectively. The prevalence of overweight and obesity increased with advancing age in both genders 

(Paper III). Among men with diabetes or pre-diabetes (abnormal glucose metabolism [AGM]), WC 

significantly yielded the highest area under the ROC curve (AUC) (AUC=0.708; 95% CI 0.60-0.82; 

p=0.002) than either WHR (AUC=0.663; 95% CI 0.54-0.79; p=0.017) or BMI (AUC=0.646; 95% CI 0.52-



xiii 
 

0.78; p=0.032). Among women with diabetes/prediabetes, WC was slightly higher (AUC=0.582; 95% CI 

0.48-0.69; p=0.139) than BMI (AUC=0.570; 95% CI 0.48-0.67; p=0.209) or WHR (AUC=0.563; 95% CI 

0.45-0.68; p=0.254). Waist-to-hip ratio (WHR) and WC was significantly higher (AUC=0.764; 95% CI 

0.68-0.85; p<0.0001 and 0.704; 95% CI 0.59-0.82; p=0.002) among men with raised systolic blood pressure 

(SBP) than BMI (AUC=0.628; 95% CI 0.51-0.75; p=0.051). Among women with raised SBP, the 

performance of WC (AUC=0.774; 95% CI 0.68-0.87; p<0.0001) was better than that of BMI (AUC=0.736; 

95% CI 0.64-0.83; p<0.001) or WHR (AUC=0.679; 95% CI 0.56-0.80; p=0.002). The optimum cut-off 

values of all three anthropometric indices to discriminate T2DM/prediabetes risk estimated for males and 

females in this study were BMI (23.35 vs 25.45 kg/m²), WC (81.50 vs 79.0 cm) and WHR (0.85 vs 0.82). 

The optimal cut-off points for all three indices to discriminate hypertension risk in men and women 

respectively were 22.8 and 28.95 kg/m² for BMI, 78.50 and 89.5 cm for WC, and 0.86 for WHR. (Paper 

IV). 

Conclusions: The high prevalence of T2DM, hypertension, and obesity in this setting is concerning. In a 

resource-limited setting such as Swaziland, this condition could have devastating effects unless urgent 

measures are taken to address the growing epidemic of T2DM and other chronic diseases. Additional 

studies are required to confirm the prevalence of T2DM and hypertension (HTN) in this hospital and other 

Swaziland areas. Modifiable risk factors play an essential role in the rising prevalence of T2DM, HTN, and 

obesity in the present study. Notably, the influence of westernisation is apparent among this population. 

Cost-effective and culturally acceptable interventions are needed to promote healthy lifestyles among this 

population and the general Swazi population. This study shows the critical role of central obesity in the risk 

of T2DM in a sub-Saharan Africa (SSA) population. Overall, WC exhibited a better ability to identify raised 

fasting blood glucose and HTN than WHR or BMI. Therefore, WC should be used, in addition to BMI, as 

a screening tool in this setting and other clinical settings in Swaziland and SSA, mainly when the WC is 

81.50 cm for men and 79.0 cm for women, regardless of BMI. 

Keywords: Abnormal glucose metabolism, Adult, Body mass index, Central obesity, Diabetes, 

Hypertension, Non-communicable diseases, Overweight, Outpatient, Prevalence, Risk factors, Waist 

circumference.    
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CHAPTER ONE 

INTRODUCTION 

This chapter provides an overview of diabetes mellitus, its global and African prevalence, as well as the 

risk factors for type 2 diabetes (T2DM). This chapter is critical for laying a solid basis for the rest of the 

study. 

1. Background and Context of the Study 

1.1. Rising burden of non-communicable diseases in sub-Saharan Africa 

In both rich and developing countries, the rising burden of non-communicable diseases (NCDs) is a major 

public health problem. Non-communicable diseases (NCDs) are the primary cause of death worldwide, 

accounting for 71% of the 57 million deaths in 2016 (1). Cardiovascular diseases, type 2 diabetes mellitus 

(T2DM), chronic respiratory diseases, and cancer together accounted for 78.8% of all NCD fatalities 

globally (1). Disturbingly, in 2016, low and middle-income countries (LMICs) accounted for 78% of all 

NCD mortality (2). Moreover, the frequency of NCDs is expected to continue to rise in sub-Saharan Africa 

(SSA), resulting in at least nine million deaths each year in people under sixty years of age (3). A WHO 

publication anticipates that deaths from NCDs in SSA will surpass those from communicable diseases (4). 

According to a recent review of the 2017 Global Burden of Diseases (GBD) survey (5), the burden of NCDs 

in SSA is increasing. In SSA, all-age disability-adjusted life-years (DALYs) related to NCDs increased by 

67% from 90.6 million in 1990 to 151.3 million in 2017. In 2017, cardiovascular diseases (CVDs) were the 

region's second major source of NCD burden, accounting for 15.1% (22.9 million) of the total NCD burden 

(5). In 2017, cardiovascular diseases (CVDs) were the region's second major source of NCD burden, 

accounting for 15.1% (22.9 million) of the total NCD burden (5). The prevalence (age-standardised) of 

NCDs is increasing, particularly in southern Africa (5). By 2025, diabetes and other non-communicable 

diseases such as heart disease are predicted to outnumber communicable diseases in associated mortality 

and morbidity across Africa (6). Diabetes constituted a major contributor to the NCD illness burden in SSA; 

between 1990 and 2017, and the total DALYs attributable to diabetes grew by 126.4% (5). Furthermore, 

NCD-related DALYs rates were greater in Swaziland (and three other countries) than in countries with 

similar Socio-demographic Indexes (SDI) (5). 

Non-communicable diseases are caused mainly by behavioural risk factors that are inextricably linked to 

economic transition, rapid urbanisation, and Western lifestyles: cigarette use, harmful alcohol use, 

unhealthy diet, and insufficient physical activity (3). Individuals' behaviour changes because of these 

transitions and some are increasingly adopting Western diets in place of their traditional food. As a result, 



2 
 

total energy consumption is higher, while energy utilisation is lower (7). These risk factors are measurable 

in the field and can be targeted for intervention. Therefore, identifying and quantifying risk factors is critical 

for reducing the burden of NCDs and developing cost-effective interventions to prevent NCDs. 

1.2. Epidemiology and aetiology of T2DM  

Diabetes mellitus (DM) is a group of metabolic disorders marked by a chronic hyperglycaemic state caused 

by insulin secretion, insulin action, or both (8). Diabetes is a major public health concern in industrialised 

and developing countries worldwide (9). Type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus 

(T2DM), gestational diabetes mellitus (GDM), and other specific forms (10) are the four types of diabetes, 

each with its own aetiology. T2DM accounts for 90% of all diabetes cases (11). 

In 2014, the disease afflicted an estimated 422 million people (1 in 11 people) worldwide (9). According 

to the NCD Risk Factor Collaboration (11), this figure will rise to 700 million by 2025, and the World 

Health Organisation (WHO) (3) anticipates that T2DM will become the 7th major cause of death globally 

by 2030. Between 1980 and 2014, the global prevalence of diabetes (age-standardised) nearly doubled, 

going from 4.7% to 8.5% in the adult population (11). Most diabetes patients (80%) live in LMICs, and 

these countries are expected to experience the greatest increase in diabetes cases over the next half-decade 

(11). People aged 40 to 60 years (i.e. working age) are the most affected in developing countries, compared 

to those older than 60 years in rich countries (12). The rise in T2DM prevalence in developing countries is 

closely linked to the adoption of a Western lifestyle, which has resulted in significant changes in the quality 

and quantity of food consumed and decreased physical activity (13, 14). 

In Africa, 19 million persons were living with T2DM in 2019, and this number is expected to rise to 47 

million by 2045, indicating a 143% increase from 2019 (1). According to the IDF Diabetes Atlas 2019 (1), 

Africa's age-standardised prevalence of T2DM was 4.7% (the lowest worldwide). Furthermore, Werfailli 

et al. (15) found a higher prevalence of T2DM based on the oral glucose tolerance test (OGTT) (23.9%; 

95% CI 17.7 – 30.7) compared to studies that used fasting blood glucose (FBG) to diagnose T2DM (10.9%; 

95% CI 8.9 – 13.0, p<0.0001) in a systematic review involving 16 086 individuals from different countries 

in SSA. The prevalence of diabetes was considerably greater in non-stepwise approach to surveillance 

(STEPS) surveys than in STEPS surveys (17.9%; 95% CI 13.6 – 20.9 vs 9.6; 95% CI 6.6 – 13.0; p=0.003) 

(15). Glezeva et al. (16) published a review that emphasised the rising diabetes burden in SSA. According 

to the study, the prevalence of T2DM in the population ranged from 2.7% in Zambia to 17.9% in Senegal. 

The study’s findings also reveal that the prevalence of T2DM differed by gender, ranging from 3.2% to 

14.0% in men and 2.7% to 21.8% in women. 
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Non-communicable diseases accounted for 37% of all fatalities in Swaziland in 2016, up by 54.2% from 

2014. (2). According to the WHO (2), the Swazis have a higher rate of cardiovascular disease, T2DM, 

cancer, and chronic obstructive pulmonary disease (COPDs). In Swaziland, however, the exact prevalence 

of T2DM and prediabetes is unknown. According to the International Diabetes Federation (IDF) 2011 

report, the prevalence of diabetes was 2.36%, based on a similar country's statistics (17). However, the 

WHO (2) estimates the prevalence of diabetes to be 6.0%, with apparent gender disparity in the prevalence 

of diabetes; 8.2% (females), and 5.0% (males). Type 2 diabetes mellitus was the third most common case 

reported to outpatient departments in Swaziland in 2016 (18). In 2016, T2DM was the primary cause of in-

patient admissions, followed by hypertension, which accounted for 15 and 11% of in-patient admissions 

respectively (18). Type 2 diabetes mellitus was also the second major cause of NCD fatalities in Swaziland 

in 2016 (18). Disturbingly, the mortality attributable to T2DM has been increasing steadily since 2014, 

rising from 47 deaths in 2014 to 109 deaths in 2016 (18). 

In Swaziland, there is minimal published epidemiological research on T2DM prevalence. According to the 

Ministry of Health's 2014 WHO STEPS survey (19), the prevalence of impaired fasting glycemia (IFG) 

was high, at 9.8% (95% CI 8.2–11.4). Similarly, 14.2% (95% Cl 10.8–17.7) of the survey respondents had 

high blood sugar or were taking diabetes medication. The prevalence of T2DM was 0.7% in a study (20) 

done among HIV-infected patients at Good Sheppard Hospital in the Lubombo region of Swaziland, with 

prediabetes being documented in 10% of the study participants. Rabkin et al. (21) did a study in Swaziland 

to determine if cardiovascular disease risk factor (CVDRF) screening could be done at an HIV clinic. 

According to the study's findings, 5% of HIV-infected patients aged 40 and older had diabetes. This study, 

however, did not offer the age-adjusted prevalence of T2DM and excluded patients aged 18 to 39 years. 

Estimates of T2DM in Swaziland are patchy, and more studies are needed to understand the prevalence of 

T2DM in Swaziland for the optimum allocation of resources to reduce its burden. Without current 

epidemiologic data, it will be difficult to justify investment in measures aimed at tackling the growing 

burden of T2DM in Swaziland.  

1.3 Pathophysiology of T2DM 

Type 2 diabetes mellitus is a complex disease caused by a mix of genetic factors linked to decreased insulin 

production and insulin resistance and environmental factors such as obesity, poor food, and lack of physical 

activity (22, 23). Type 2 diabetes mellitus susceptibility is determined by a combination of intrinsic factors 

that affect the pancreatic beta cells’ insulin-producing capacity, cellular insulin sensitivity, the amount of 

glucose derived from the gut (food digestion) and liver, and the extent to which glycogen is degraded 

(glycogenolysis) (22). Thus, T2DM is caused by a relative shortfall in insulin action, with the primary cause 



4 
 

being a defect in exogenous insulin synthesis, insulin signalling, and glucose over-availability (8). Plasma 

glucose concentrations are kept within a restricted range under normal physiological conditions, despite 

significant changes in supply and demand, through a carefully regulated and dynamic relationship between 

tissue sensitivity to insulin (particularly in the liver) and insulin production (24). These pathways fail in 

type 2 diabetes, resulting in two major pathological defects: decreased insulin production due to pancreatic 

β-cell malfunction and impaired insulin action due to insulin resistance (25, 26). It has been established that 

T2DM is caused by gene-environment interactions (13, 26-29), with environmental factors (such as 

physical inactivity, poor diet, and obesity) assigned greater weight because diabetes rates were increasing 

in populations with relatively stable gene pools (30). 

1.4 Diagnosis of Prediabetes and T2DM 

An oral glucose tolerance test (OGTT), fasting plasma glucose (FPG), or glycated haemoglobin (HbA1C) 

test can all be used to detect type 2 diabetes and prediabetes (intermediate hyperglycaemia). The World 

Health Organisation (WHO) and the American Diabetes Association (ADA) have established diagnostic 

cut-offs for these tests (8, 31). Impaired glucose tolerance (measured by the OGTT), impaired fasting 

glucose (IFG) (determined by the FPG), and HbA1C readings between 5.7 and 6.4% identify prediabetes. 

However, many health facilities in SSA rely on random blood sugar (RBS) for diabetes diagnosis due to 

resource constraints and late presentation. The debate about which tests are suitable for primary care 

screening in low-income countries (LICs) continues. 

Diabetes is defined by the WHO as an FPG of less than 7.0 mmol/l (126 mg/dl) or a 2-hour OGT of less 

than 11.1 mmol/l (200 mg/dl) (see Table 1) (8). In 2011, the WHO concluded that HbA1c could be used as 

a diagnostic test for diabetes, with a cut-off value of 6.5% (32). Because type 2 diabetes develops slowly, 

most people experience prediabetes, a high-risk state for diabetes development and adverse outcomes. 

Prediabetes is defined as blood glucose levels greater than usual but not high enough to cause diabetes (8). 

Individuals at risk have one or both of the following prediabetic conditions, according to the WHO (8): 

impaired fasting glucose (IFG), defined as an FPG concentration of 6.1 to 6.9 mmol/l (110 to 125 mg/dl) 

and, if measured, a 2-hour plasma glucose of 7.8 mmol/l (140 mg/dl); and impaired glucose tolerance (IGT), 

defined as an FPG concentration of less than 7.0 mmol/l (<126 mg/dl) and, if measured, a 2-hour plasma 

glucose of 7.8 mmol/l (140 mg/dl). 
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Table 1. Diagnostic criteria for diabetes and intermediate hyperglycaemia (according to the World 

Health Organisation) (8, 32) 

Type 2 diabetes     

Fasting glucose (mmol/l) ᵃ 

OR 

≥7.0 mmol/l (126 mg/dl) 

2-hour glucose (mmol/l) ᵃᵇ ≥11.1 mmol/l (200 mg/dl) 

HbA₁с  ≥6.5% 

Impaired Fasting Glucose (IFG)     

Fasting glucose (mmol/l) ᵃ 
ANDᶜ 

6.1 to 6.9 mmol/l (110 to 125 mg/dl) 

2-hour glucose (mmol/l) ᵃᵇ <7.8 mmol/l (<140 mg/dl) 

Impaired Glucose Tolerance (IGT)     

Fasting glucose (mmol/l) ᵃ 
AND 

<7.0 mmol/l (126 mg/dl) 

2-hour glucose (mmol/l) ᵃᵇ ≥7.8 mmol/l (<140 mg/dl) 

ᵃVenous plasma glucose concentration. 

ᵇ Measured two hours after ingestion of 75g oral glucose load. 

ᶜ If only fasting glucose concentration is measured, IGT cannot be excluded. 

 

1.5 Risk factors for T2DM 

A complex interplay of genetic and environmental factors is thought to be the cause of type 2 diabetes (13, 

26-29). As a result, risk factors can be divided into modifiable and can be prevented, and those that are not 

modifiable and cannot be prevented (33). Genetic susceptibility, age, gender, family history, and ethnic 

origin are all non-modifiable risk factors for T2DM. Although multiple genes have been related to T2DM, 

the ability of a genetic risk score to predict future diabetes is limited (26). Furthermore, the rising T2DM 

rate in populations with relatively stable gene pools suggests that other factors play a role in T2DM 

development (30). Behavioural risk factors (tobacco use, harmful alcohol use, poor nutrition [low fruit and 

vegetable intake], and physical inactivity), as well as pathophysiology risk factors, are all modifiable risk 

factors (obesity, hypertension, diabetes, and hypercholesterolemia). 
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1.5.1 Non-modifiable risk factors of diabetes (age and gender)  

1.5.1.1 Age 

Type 2 diabetes mellitus risk rises dramatically with age (12, 30). Type 2 diabetes is uncommon in most 

populations before 30 years, but it rises rapidly and steadily as people get older (34, 35). Age is a strong 

risk factor in prospective observational studies, regardless of major linked lifestyle risk variables such as 

obesity (36). This is especially concerning at a time when people's lives are lengthening. According to the 

IDF, the number of individuals in SSA with diabetes will rise from 19 million in 2019 to 45 million by 

2045 (1), owing primarily to population ageing. In SSA, studies have found a link between diabetes 

prevalence and rising age (37-40). For example, a study (37) of 4733 people in Ghana found that the 

prevalence of diabetes and prediabetes rises with age, with the oldest age group (64 years and beyond) 

having the highest frequency. 

The mechanism linking ageing to T2DM can be explained by an age-related increase in visceral body fat, 

pro-inflammatory cytokines, and a decline in mitochondrial and endocrine function (41, 42), explaining an 

age-related decline in beta-cell function and glucose homeostasis. However, it is unclear whether the 

glucose intolerance that comes with age is a normal part of the ageing process or age-related obesity and 

physical inactivity. 

1.5.1.2 Gender 

Gender differences appear to be crucial in the epidemiology, pathophysiology, treatment, and outcomes of 

many diseases, but they tend to be especially relevant for NCDs, such as T2DM (43). The prevalence of 

prediabetes, such as IFG and IGT, has been found to differ by gender. According to studies, men have a 

higher prevalence of IFG than women, but women have a greater frequency of IGT (43-46). The reason for 

these differences in early dysglycaemia is unknown but could involve the effect of gonadal hormones. 

Indeed, menopausal hormone therapy with oestrogens decreases fasting glucose while impairing glucose 

tolerance (47, 48).  

Gender differences in T2DM prevalence are also noticeable. Overall, men have a higher prevalence of 

diabetes than women, but there are more women with diabetes than men (30). Type 2 diabetes mellitus was 

estimated to affect 240 million men and 223 million women in 2019, according to the IDF 2019 Atlas (1). 

There are also gender disparities in T2DM incidence that vary across the lifetime, with females having 

significantly higher rates of T2DM in their childhood (49) but males having a much greater diabetes 

prevalence in midlife (50), and rates in later life are equivalent between the sexes. The offered reason for 
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this fact is the combined effect of a greater proportion of older women than males in most populations and 

the growing frequency of diabetes with age. 

Men have slightly greater rates of T2DM than women, according to studies conducted in Western European 

or Asian populations (51-54). Similarly, the European Prospective Investigation into Cancer and Nutrition 

(EPIC) found that men have a higher risk of diabetes than women in many European countries (55). 

Similarly, research in SSA has reported a significant gender differential in diabetes prevalence (56-59). 

Hilawe et al. (57) observed that women in Southern Africa were more likely than men to develop T2DM 

in a comprehensive review and meta-analysis, while Abubakar et al. (60) found no such gender disparity in 

the prevalence of T2DM in West Africa. Gatimu et al. (56) found that females had a higher prevalence of 

diabetes than males (2.16%; 95% CI 1.69–2.76 vs 1.73%; 95% CI 1.28–2.33) in their study of Ghanaians 

aged 50 and over. 

1.5.2 Modifiable risk factors of diabetes 

The fast-rising incidence of diabetes shows that environmental factors play a significant role in diabetes 

development. The evidence regarding the key risk factors of type 2 diabetes, such as overweight and obesity, 

an unhealthy diet, and physical inactivity is summarised in this section. 

1.5.2.1 Overweight and obesity 

Obesity and overweight are linked to a slew of adverse health outcomes throughout a person's life. Obesity 

has been linked to an increased risk of diabetes, hypertension, a variety of NCDs (including coronary heart 

disease, stroke, and cancer), as well as conditions such as obstructive sleep apnoea and osteoarthritis (61). 

Obesity and overweight are among the top causes of morbidity and mortality worldwide, and the burden of 

these diseases is increasing (62). Obesity prevalence has increased by approximately 300% worldwide since 

1975, with nearly 2 billion individuals and over half a billion adults being classified as overweight or obese 

in 2016 (63). 

Overweight and obesity are major public health issues in Swaziland. Obesity was found to be prevalent in 

the Swazi population, particularly among women (23%), according to the Swaziland Demographic Health 

Survey (DHS) 2006-07 (64). According to the Swaziland Ministry of Health's Stepwise Approach to 

Surveillance (STEPS) survey (19), over 20.5% of the adult population was obese, with a significant 

proportion (59.9%) of women being overweight. In 2016, the World Health Organisation (WHO) (2) 

estimated that 14% of Swazi individuals were obese, with women having a higher prevalence (22%) than 

men (4%). 
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The prevalence of general obesity was estimated to be 5.5% in a recent study (20) done among HIV-infected 

patients in a busy rural health centre in the Lubombo region, Swaziland. However, this study did not include 

measures of central obesity (such as WC or WHR), which are known to be more accurate than BMI in 

detecting an increased risk of T2DM and high blood pressure (65). Unlike the Lubombo study, Rabkin et 

al. (21) did not include obesity measures among their Manzini health facility study respondents. 

The upsurge in the prevalence of T2DM is directly linked to increases in the prevalence of obesity. It is 

estimated that excess weight is responsible for roughly 90% of T2DM cases (11). Insulin resistance and 

insulin insufficiency are the two primary mechanisms that link obesity and diabetes pathogenesis (66). 

Insulin sensitivity refers to insulin's ability to regulate the circulating free fatty acids (FFA) and glucose 

absorption (67) by mediating disposal into skeletal muscle, limiting gluconeogenesis in the liver (68), and 

suppressing lipolysis in adipose tissue (69). In a typical scenario, an increase in blood glucose after eating 

causes pancreas cells to release insulin. In conjunction with glucose, insulin increases the absorption of 

glucose from the blood into cells for glycolysis or storage as glycogen in the liver, muscle, or adipose tissue. 

Hepatic gluconeogenesis is suppressed as a result of this. GLUT4 is a glucose transporter that is primarily 

expressed in muscle and adipose tissue. GLUT4 is recruited from the cytosol to the cell membrane in 

response to insulin stimulation to transport glucose from the outside to the cell's interior. In glucose 

absorption and muscle glycogen synthesis, this is the rate-limiting stage (70, 71). 

There is a lack of initial insulin production (first phase) in response to a glucose load in an abnormal or 

insulin-resistant state, resulting in postprandial hyperglycaemia—chronic hyperinsulinaemia results from 

an increased second-phase insulin response. Insulin-responsive tissues are unable to sensitise or respond to 

insulin effectively. Glucose absorption, glycolysis, and glycogen synthesis are all hampered by insulin. 

Insulin resistant pancreatic β-cells become overworked, tired, and apoptotic over time, eventually losing 

their function (72, 73). Hyperglycaemia occurs in the absence of insulin. 

Both impaired insulin release and insulin resistance have been identified as important contributors to 

developing type 2 diabetes in longitudinal studies (74, 75). Insulin resistance was found to be a major risk 

factor for the development of type 2 diabetes in a study of 200 non-diabetic Pima Indians (74), while a low 

acute insulin response to glucose was considered an additional but weaker risk factor. However, hepatic 

overproduction of glucose did not predict the occurrence of diabetes. In a Mexican-American study, Haffner 

et al. (75) confirmed the impact of insulin resistance and insulin insufficiency. In a seven-year investigation, 

the researchers discovered that decreased insulin production and increased insulin resistance are 

independently associated risks for T2DM. 
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1.5.2.2 Diet 

The quality of nutrition and excessive caloric consumption is primarily responsible for the global epidemics 

of adiposity (e.g. overweight/obesity) and T2DM (13). The composition of one's diet appears to influence 

the risk of T2DM. Diets low in fibre but high in saturated fat have been linked to an increased risk of T2DM 

(76). Nevertheless, intervention studies have shown that diets high in fibre but low in saturated fat can help 

in the prevention of T2DM (77). Fruit and vegetables, which are high in fibre and other micronutrients but 

low in glycaemic load and energy density, have been shown to reduce T2DM (78, 79), hypertension, and 

cardiovascular disease (80). Similarly, there is evidence of a positive association between salty processed 

food consumption and T2DM (81) and hypertension (82). 

In a large prospective study, Bazzano et al. (78) followed up 71 340 female nurses free of diabetes, CVD, 

and cancer for 18 years to determine the association between fruit, vegetables, and fruit juice intake and 

development of T2DM. The study's findings showed that eating green leafy vegetables and fruits was linked 

to a lower risk of T2DM (78). In addition, Villegas et al. (79) observed that vegetable consumption was 

significantly linked with a lower incidence of T2DM in a large cohort of women with no history of T2DM 

or any other chronic condition in China. On the other hand, fruit consumption did not appear to be associated 

with a decreased incidence of T2DM.  

Schulze et al. (83) reported that individuals who consumed one or more sweet drinks per day had an 83% 

higher chance of developing T2DM than those who consumed less than one sweet drink per month in a 

prospective trial of more than 50,000 women. In contrast to Schulze et al., Malik et al. (84) found no 

evidence of a link between sweet drink consumption and the risk of T2DM. The fructose component of 

sugar in sweet drinks is considered a singularly harmful macronutrient and has been suggested to lead to 

obesity, hyperlipidaemia and insulin resistance; key risk factors for T2DM and CVDs (85). 

According to previous reports, Swazis have adopted Westernised lifestyles and eat more Western meals 

than indigenous foods (86, 87). Furthermore, according to Kgaphola and Viljoen (87), most Swazis prefer 

Western-style foods to indigenous foods (rich in green leafy vegetables). In the STEPS survey (21), most 

participants (92.1%) said they ate fewer than five servings of fruits and vegetables per day, with only half 

(52.3%) saying they ate one to two servings per day. 
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1.5.2.3 Lifestyles 

Type 2 diabetes (and other NCDs) can be prevented with lifestyle modification (88). In at-risk individuals 

or those with prediabetes, T2DM, or increased blood pressure, prompt intervention through lifestyle 

modification will avert or postpone the disease progression (3). The benefits of lifestyle modification, 

including quitting smoking, adopting a healthy diet, exercising moderately, and drinking alcohol 

moderately for the prevention and treatment of T2DM and hypertension, have been extensively 

demonstrated (88-91). In their modelling analysis, Kontis et al. (89) found that lowering the prevalence of 

six risk factors, including smoking and harmful alcohol use, can reduce mortality due to CVDs and T2DM, 

with LMICs anticipated to enjoy the biggest benefits. Lifestyle modification effectively prevents the 

occurrence of prediabetes or its progression to T2DM (92, 93), as well as helps in managing T2DM (90). 

1.5.2.3.1 Physical inactivity 

Physical activity is an important aspect of energy balance and weight control since it is the primary predictor 

of energy expenditure (94). Physical activity has numerous benefits, including lowering the risk of ischemic 

heart disease, stroke, diabetes, and breast and colon cancer (94). According to the World Health 

Organisation, moderate physical exercise (about 150 minutes per week) decreases the risk of diabetes by 

27%, colon cancer by 21–25% and ischemic heart disease by 30%. (94). On the other hand, physical 

inactivity accounts for 7% of the global burden of T2DM, and is defined as insufficient physical activity to 

satisfy the WHO 2010 recommendations (95). Insufficient physical exercise is one of the top ten causes of 

death worldwide, accounting for 3.2 million deaths per year (96). Physically inactive persons have a 20-

30% higher risk of all-cause mortality than those who engage in at least 150 minutes of moderate-intensity 

physical exercise or 75 minutes of vigorous-intensity physical activity each week, as recommended by the 

WHO (94).  

In 2016, one in every three adults aged 18 and up was insufficiently physically active (i.e., they did not 

engage in at least 150 minutes of moderate-intensity physical exercise per week, or the equivalent) (97). 

Women were more affected than men, with 32% of females failing to meet the necessary level of physical 

activity, compared to males (23%). In 2016, high-income countries had a greater frequency of physical 

inactivity than low-income countries (37% versus 16%). The prevalence of physical inactivity has not 

decreased globally over the last two decades, with 29% in 2001 and 28% in 2016. (97). 

Physical activity of moderate intensity can reduce the risk of T2DM, according to a meta-analysis (98) of 

ten prospective cohort studies done in the United States, Europe, and Japan. Compared to almost no walking, 

regular walking (defined as 2.5 hours of brisk walking) was significantly associated with a lower incidence 

of T2DM (RR 0.70; 95% CI 0.58-0.84). The beneficial influence of physical activity is also well 
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documented in SSA. Individuals who engage in physical activity have a lower chance of developing T2DM, 

according to studies conducted in Southern (99, 100), East (101), and West Africa (102-107). For example, 

physical inactivity was an independent and substantial risk factor for uncontrolled T2DM in South Africa 

by Adeniyi et al. (99). According to the findings of this study (99), those who lived a sedentary lifestyle 

were 21 times more likely to have uncontrolled T2DM than those who were physically active. 

The involvement of distinctive pathways may explain the beneficial effect of physical activity. Aerobic 

exercise improves fatty acid oxidation by increasing mitochondrial density and oxidative enzyme activity 

and stimulating insulin-independent and insulin-dependent skeletal muscle glucose uptake. (108). 

1.5.2.3.2 Alcohol consumption 

Alcohol is the third most important risk factor for illnesses and disability worldwide and the most important 

in middle-income countries (3). Alcohol is responsible for 60 various diseases and injuries, and it is 

suspected of being involved in another 200 (3). Alcohol intake was responsible for an estimated three 

million deaths in 2016, accounting for 5.3% of all deaths worldwide (109). Surprisingly, Africa had the 

largest age-standardised alcohol-related disease and injury burden in 2016, despite Europe having the 

highest alcohol consumption (109). The high burden of alcohol-related disease and damage in Africa was 

due to the high prevalence of cardiovascular disease, tuberculosis, digestive diseases, and injuries, all of 

which have alcohol as a significant predictor (109). Other adverse consequences of harmful alcohol use 

include societal issues (violence, child abuse, and work absenteeism), as well as high healthcare 

expenditures (3). 

Observational studies have found a U-shaped relationship between alcohol use and T2DM (110). Evidence 

suggests that moderate alcohol use (1–3 drinks/day) is associated with a lower risk of T2DM, but heavy 

alcohol consumption (≥3 drinks/day) is associated with a higher risk of T2DM (110). Excessive alcohol 

use (60 g per day for males and 50 g per day for women) was substantially related to a higher risk of T2DM, 

according to a meta-analysis of 20 prospective cohort studies (110) from the United States, Europe, Asia, 

and Australia. Moderate alcohol consumption (22 g for males and 24 g for women) was protective against 

diabetes. Howard et al. (111) observed that moderate alcohol use was related to a lower incidence of T2DM 

in a systematic review. 

The link between alcohol use and T2DM in SSA is not fully understood. Heavy alcohol intake (>21 

units/week) was linked to a greater prevalence of T2DM in Nigeria, according to Nyenwe et al. (106). 

Similarly, in a study conducted in rural South Africa by Motala et al. (100), previous alcohol consumption 

was an independent risk factor for diabetes. People who had consumed alcohol were about three times more 
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likely to develop diabetes than those who had not consumed alcohol previously (p=0.009; OR 2.79; 95% 

CI 1.29 – 6.03). In the Kenyan investigation, Ayah et al. (112) found that heavy alcohol consumption was 

associated with a higher prevalence of T2DM. 

Chege, on the other hand, discovered no significant link between alcohol intake and T2DM in cross-

sectional research in a Kenyan rural mission hospital in 2010 (113), and other researchers in SSA also 

agreed with this conclusion (99, 114, 115). Alcohol use and the risk of T2DM were also found to be 

inversely related in several studies. For example, women who drank alcohol daily had a lower risk of 

diabetes (OR 0.18; 95% CI 0.04 – 0.82) in a cross-sectional study conducted by Gatimu et al. (56) to 

describe the prevalence of diabetes among individuals aged 50 years and older in Ghana. Stanifer et al. 

backed up this conclusion (116). 

1.5.2.3.3 Smoking  

Tobacco smoking is one of the biggest preventable causes of mortality worldwide, with one person dying 

every six seconds (117). Tobacco usage kills six million people worldwide each year, with a third to half 

of the smokers dying fifteen years before their time (118). Men (12%) were more affected than women 

(7%), and it is estimated that tobacco smoking will kill more than 175 million people worldwide in the next 

decade, with the number of deaths rising by more than 8 million each year unless concrete action is taken 

quickly (117). In addition, estimates show that by 2030, tobacco will have killed over half a billion 

individuals alive today (117). 

Existing knowledge suggests that smoking behaviour is a risk factor for T2DM (1). Tobacco use shows a 

substantial link to T2DM, either as a standalone risk factor or in combination with other risk factors, 

including centripetal obesity (119, 120). A meta-analysis of 25 prospective cohort studies involving 1.2 

million participants from the United States, Europe, and Asia found that active smokers were 45% more 

likely than non-smokers to acquire T2DM (RR 1.44; 95% CI 1.31–1.58) (121). There was a dose-response 

relationship: those who smoked more had a higher RR than those who smoked less; heavier active smokers 

had a higher risk of type 2 diabetes (RR 1.61; 95% CI 1.43–1.80), while lighter active smokers (RR 1.29; 

95% CI 1.13–1.48) and former smokers (RR 1.23; 95% CI 1.14–1.33) had weaker associations (121). 

Smoking and the risk of T2DM have been linked in studies conducted in SSA. Danquah et al. (122) found 

a substantial positive correlation between smoking and T2DM in a Ghanaian epidemiological survey; 

diabetes patients were significantly more likely to be smokers than controls (p<0.001). This finding is in 

line with the findings of Faurhoult-Jepsen et al. (123), who found that smokers are twice as likely to develop 

diabetes as non-smokers (OR 2.12; 95% CI 0.89 – 5.04). This link between T2DM and cigarette smoking 

has been verified in other investigations (112, 124, 125). This result corroborated Peer et al.’s (126) findings, 
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who discovered that those with diabetes had considerably lower rates of cigarette smoking than people with 

normal blood sugar levels (p<0.001). However, numerous studies (106, 113, 115, 127) found no evidence 

of a link between T2DM and cigarette smoking. 

The exact mechanism linking cigarette smoking to an increased risk of T2DM is unknown. Nonetheless, 

nicotine increases sympathetic activity, increases circulating levels of catecholamines, growth hormone, 

adrenocorticotropic hormone, cortisol, prolactin, and beta-endorphin, and decreases oestrogen levels, all of 

which are very hostile to insulin's function. As a result, smoking lowers insulin synthesis, lowers glucose 

catabolism, and raises glucose levels in the body (128). Smoking has been linked to IGT and insulin 

resistance in studies (129, 130). Nicotine infusion, for example, worsened insulin resistance in people with 

T2DM but not in non-diabetic participants in a double-blind, cross-over, placebo randomised experimental 

research (130). 

1.5.3 Socio-economic determinants of T2DM 

Socio-economic status (SES) remains a topic of interest in health due to the belief that high SES households 

have access to a range of goods, services, and social connections that benefit their health. There is also a 

concern that many low SES households lack access to the same resources; thus, they are at risk of health 

problems (131). Socio-economic status has been categorised into social class and social categorisation of 

position (132). The former refers to the economic interdependence between groups or individuals in a 

population (133). Social class is based on economic disparity suggesting an inequality between owners of 

resources and non-owners who work for them (132). Socio-economic position (SEP) is the distribution of 

social class components such as occupation, income, wealth, education, and social status (132). The term 

‘socioeconomic status’ encompasses both aspects of SEP, and these terms can be used interchangeably. 

Although the causal pathway between SES and disease is not yet fully understood, SES contributes to 

developing T2DM through complex processes involving access to healthcare services and information, 

availability of healthy foods and places to exercise, economic and occupational opportunities, and 

individual lifestyle choices (133). Studies conducted in developed countries have consistently documented 

an inverse association between T2DM and SES (134-137). However, the pattern of association is different 

(138-141) and inconsistent in developing countries. Some studies in SSA reported a positive association 

between SES and T2DM (56, 126, 142) and some reported an inverse association (127), whereas others 

found no association at all (115, 143). 

A meta-analysis of 23 prospective case-control and cohort studies from Europe, Asia, Africa, and the 

Americas, including the United States, was conducted to summarise the overall association of SES with the 

risk of T2DM (144). The overall risk of developing T2DM increased among participants with a lower SES, 
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including lower levels of education (RR 1.41; 95% CI 1.28 – 1.51), occupation (RR 1.31; 95% CI 1.09 – 

1.57), and income (RR 1.40; 95% CI 1.04 – 1.88).  

Causal pathways of the association between SES and T2DM are not fully understood. However, SES may 

contribute to the development of T2DM through processes involving lack of access to health care services, 

healthy foods, places to exercise, and occupational opportunities, leading to unhealthy lifestyle practices 

(145). 

1.6 Problem statement and significance of the study 

This thesis focuses on four knowledge gaps regarding the burden of type 2 diabetes in a lower-middle-

income setting in SSA. 

1.6.1 Statement of the problem 

There is a scarcity of epidemiology data on the prevalence of T2DM and prediabetes in Swaziland. To the 

researcher's knowledge, no epidemiological study has estimated the age-adjusted prevalence of T2DM and 

prediabetes, even though diabetes ranks third among the ten leading causes of all hospital admissions in 

Swaziland (18). A previous study in this setting investigated the possibility of screening for diabetes among 

HIV infected patients (21). However, the study did not report age-adjusted prevalence rates for T2DM and 

prediabetes (Paper I). Such information is necessary for our understanding of the burden of T2DM and 

prediabetes in Swaziland. 

In 2016, NCDs accounted for nearly 40% of all deaths in Swaziland (2), representing a 54.2% increase 

from the 2014 figures. According to the WHO (2), the Swazis suffer more from CVD, T2DM, cancer, and 

COPD. However, little is known about the risk factors predisposing Swazis to NCDs, especially T2DM, 

prediabetes, and hypertension in Swaziland. Moreover, current epidemiological data on NCD risk factors 

is lacking in Swaziland. There is thus a need for current epidemiological data to understand the dietary and 

lifestyle factors predisposing Swazis to these chronic diseases (Paper II). Such data is vital to justify 

investment in preventive strategies at individual, healthcare facility, and population level. 

Obesity is the significant modifiable independent predictor of T2DM, prediabetes, and hypertension. In 

SSA, the prevalence of obesity and overweight has been increasing at an alarming rate, with Southern 

Africa being the most affected (143). In Southern Africa, the highest obesity burden and overweight occurs 

in Swaziland, particularly among women (146). The increasing burden of overweight and obesity and its 

associated T2DM, hypertension, CVD, and cancers in SSA are thought to result from changes in lifestyle, 

demographics, and nutrition. Few studies have explored the sociodemographic and lifestyle factors that 

underlie key intermediate-risk factors like overweight and obesity in Swaziland (Paper III). These 
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underlying risk factors are essential for proper lifestyle modification (90-92) and to curtail the growing 

burden of NCDs in SSA. 

Clinical trials have demonstrated the beneficial impact of weight reduction for individuals at increased risk 

of T2DM (147, 148), and it can also help patients with high BP (149). Therefore, an accurate definition of 

overweight and obesity is clinically essential to address the growing public health concern regarding NCDs. 

Measures for tracking obesity and overweight are either direct or surrogate, but the latter are preferred due 

to their simplicity and practicality (150, 151). Surrogate measures such as BMI, WC, and WHR are 

preferred, but it is still unclear which of these surrogate measures is the best to reflect an increased risk of 

T2DM or hypertension among non-Caucasians. However, cut-off values for obesity indices in predicting 

future T2DM, hypertension, and CVD are known to be population-specific (152). Consequently, the ability 

of these obesity measures to predict an increased risk of T2DM and hypertension in people from SSA may 

differ from that of other ethnic groups (Paper IV).   

1.6.2 Significance of the research 

The studies in this thesis contain novel contributions to the body of knowledge for public health and disease 

prevention. The prevalence of T2DM, prediabetes, and hypertension was estimated in Swaziland's second 

biggest public health facility. Also, socioeconomic status influenced the prevalence of T2DM and 

prediabetes. Understanding the type 2 diabetes risk factors will help NCD policy and assist in devising cost-

effective and culturally acceptable interventions. Finally, these studies may assist clinicians in devising 

alternative screening practices for obesity and overweight.  

1.7 Conceptual framework 

Disease conditions can be related to a single vector, a lifestyle behaviour, or an environmental factor. Social 

epidemiology seeks to understand how social factors lead to lifestyle changes, resulting in risk factors and 

diseases (153). The growing interest in multi-factor models of disease causation has highlighted the 

importance of social factors; this has led to an increasing number of studies on the social epidemiology of 

diabetes (154). Brown et al. (155), in their review, conceptualised the relationship between socio-economic 

status and health for diabetic patients. Similarly, Brown (156) suggested a multi-level approach involving 

interventions at the patient, health system, and clinician levels to address disparities in diabetes care. 

Likewise, Golden et al. (157) considered the multiple contributors to health disparities, including biological, 

clinical, and non-clinical influences on diabetes. Finally, in a recent comprehensive review, Gary-Webb et 

al. (154) summarised current evidence on the influence of social determinants on the development of type 

2 diabetes.  
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Type 2 diabetes is associated with obesity through the lens of social epidemiology. This study therefore 

explored the factors leading to obesity and examined how the relationship between lifestyle, socioeconomic 

status, and obesity contributes to diabetes (see figure 1). The relationships between these factors and type 

2 diabetes have not been studied previously in Swaziland. This study used the social epidemiology 

framework to describe the prevalence of T2DM in the Manzini region of Swaziland. Similarly, the 

framework guided the development of a data collection instrument. The distribution of T2DM in this 

population (Paper I) varies among different groups (non-modifiable risk factors; age and gender), due to 

differences in peoples' exposure to material circumstances (modifiable risk factors) (Paper II), across 

different dimensions of SES (Paper I, II); which creates differential experiences of, and vulnerability to, the 

intermediate-risk factors (overweight/obesity, raised blood glucose, raised BP) (Paper II, III, IV). 

 

Figure 1. Conceptual Framework 
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1.8 Aims and objectives  

1.8.1 Aim 

• To determine the prevalence of type 2 diabetes mellitus and analyse the influence of environmental 

and lifestyle factors on the development of type 2 diabetes among patients in a tertiary hospital in 

Manzini, Swaziland. 

1.8.2 Specific objectives 

• To estimate the prevalence of type 2 diabetes mellitus and prediabetes among adult outpatients in 

a tertiary hospital in Manzini, Swaziland (Paper I). 

• To determine the dietary and lifestyle factors associated with T2DM, prediabetes, and hypertension 

among adult outpatients in Manzini, Swaziland (Paper II). 

• To estimate the prevalence of overweight and obesity and determine their associated factors among 

adult outpatients in Manzini, Swaziland (Paper III). 

• To evaluate the ability of body mass index, waist circumference, and waist-to-hip ratio as predictors 

of type 2 diabetes and hypertension risk in Swazi adults and to estimate their optimal cut-off levels 

(Paper IV). 

1.9. Methods 

1.9.1 Introduction 

This thesis comprises of four papers describing the methods and findings relevant to T2DM prevalence and 

risk factors in a tertiary hospital setting. Paper I estimates the prevalence of T2DM and prediabetes among 

adults 18 years and older attending the Outpatient Department (OPD) at the Raleigh Fitkin Memorial (RFM) 

Hospital in Manzini. Paper II then examines the dietary and lifestyle factors associated with T2DM, 

prediabetes, and hypertension in the same population. Paper III estimates the prevalence of overweight and 

obesity and determines their associated factors. Paper IV then evaluates the ability of standard 

anthropometric indices (BMI, WC, WHR) to identify the future risk of T2DM/prediabetes (abnormal 

glucose metabolism) and hypertension and determines their cut-off values.  

1.9.2 Study setting and study population 

This study was conducted at Raleigh Fitkin Memorial (RFM) Hospital, located in Manzin, the hub of 

Swaziland. Raleigh Fitkin Memorial Hospital, situated in the Manzini region, is the second-largest public 

health facility in Swaziland. It is a regional referral and government sub-vented teaching hospital. The 

mission hospital and its different service units draw patients from the Manzini region and neighbouring 

communities in the adjacent regions, including the Mbabane – Manzini – Siteki corridor. 
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1.9.3 Study design and sample selection 

Overall, a cross-sectional study design was used for the study from February to March 2019 among 385 

patients who visited the OPD of the Raleigh Fitkin Memorial Hospital in Manzini, Swaziland. All patients 

who visited the OPD during the data collection period were included. Patients were included in the sample 

if they resided in the Manzini region; were 18 years of age and above; had fasted for eight hours before the 

screening, and willingly consented to participate in the study. However, patients with active infection or 

using corticosteroids, who were pregnant, who had a temperature higher than 101.4 °F (38.6 °C), were 

taking antibiotics or anti-malaria medications or who were unwilling to participate were excluded. A 

representative sample of the medical and surgical outpatient population was surveyed. A systematic random 

sampling technique was applied to sample 385 individuals, whereby every 3rd individual visiting the OPD 

was approached to participate in the study, bearing in mind the inclusion criteria. As remarked by Castillo 

(158), systematic random sampling allows the researchers to add a degree of a system into the random 

selection of subjects and ensures that the population is evenly sampled. The study population comprised of 

patients reporting to the Outpatient Departments daily (for reasons other than diabetes and hypertension) 

from 2 February to 19 March 2019. The researcher obtained a list of all patients attending the OPD and 

allocated a number to each one. To select the first patient to be in the sample, a table of random numbers 

was used. The patient with the number chosen was requested to voluntarily participate in the study. 

Thereafter, every third patient on the list was approached to participate in the study. In the case of selected 

patients who declined to participate, the next patient in the list replaced them. The same procedure was 

followed if the selected patients decided to withdraw their participation during the study.  

The sample size was estimated with the formula for a cross-sectional study by Daniel (159): [Z² (PQ)/ δ²], 

where Z=1.96, the standard normal deviate at 95% confidence, P=0.5 (estimated prevalence of the problem 

under study, assumed to be 50% to achieve the maximum sample size), Q = 0.5 ([100% - P] [or 1-P]), and 

δ=0.05, represents a sampling error of 5%. The sample size was 385 patients reporting to the Medical and 

Surgical Outpatient Departments of the Raleigh Fitkin Memorial Hospital. This method of sampling has 

some selection bias, but it is easier to perform and less time-consuming (158). 

Four hundred and eleven (411) subjects were interviewed among the four hundred and forty subjects invited 

to participate, yielding a response rate of 93.4%. Of the 440 subjects invited, a total of 55 subjects were 

excluded due to being younger than 18 years of age (13 subjects), being a resident outside of the Manzini 

region (27 subjects), pregnancy (2 subjects), and high temperature (3 subjects). An individual withdrew for 

fear of the needle prick. Completed fasting blood glucose readings were available for 394 subjects, but 9 

subjects had completed questionnaires with missing data (see Figure 2 in Appendix A). 
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1.9.4 Measurements 

Data was collected at three levels: biomedical measurements, anthropometric measurements, and a 

questionnaire to assess the socio-demographic characteristics of the respondents.  

1.9.4.1 Biomedical measurements 

The fasting blood glucose (FBG) and oral glucose tolerance (OGT) testing was done using a glucometer 

(On Call® EZ II, ACON Laboratory, Inc., USA) according to the manufacturer’s instructions. A 27 – gauge 

solid core Lancet was used to access capillary whole blood from the participant’s finger. According to the 

manufacturer’s instruction, the first drop of blood was discarded and a second drop, approximately 1 μl, 

was used for analysis. A single level control calibration of the On Call EZ II was performed daily, whenever 

a new vial of the test strip was used, and whenever the meter was dropped. Fasting blood glucose was 

measured between 08:00 and 12:00, after a minimum of 8 hours of overnight fasting. To determine the oral 

glucose tolerance (OGT), 75 g of glucose (Dextrose Monohydrate, MEDICOLAB, South Africa) was 

dissolved in 300 ml of water and given to the respondent to drink within 5 minutes after a taking an FBG 

reading. After a two-hour interval, the glucose test was performed again. 

Blood pressure was measured using a sphygmomanometer (FORA Fully Auto Desk P30 Plus Spygmo 

Digital with 24 – 43 cm WIDR Cuff). The blood pressure measurement was taken while the participant was 

in the sitting position, using the right upper arm after a five minute rest period. Two readings were taken 

during the interview at fifteen minute intervals. 

1.9.4.2 Anthropometric measurements 

Weight was measured in kilograms (kg) using a weighing scale (FORA Digital Multi-function Diamond 

Scale), and height was measured in centimetres (cm) using a stadiometer. Weight was measured with the 

participants wearing light clothing and barefoot. Waist circumference (to the nearest 0.1 cm) was measured 

using a measuring tape, midpoint between the last palpable rib and the suprailiac crest, while participants 

were standing and breathing normally. Hip circumference was measured at the widest point around the 

greater trochanters. The waist and hip circumferences were measured with the measuring tape parallel to 

the floor. All measurements were taken by a trained research assistant (a nurse), twice per participant, and 

the average reading was recorded. 

 

 

 



20 
 

1.9.4.3 Socio-demographic and lifestyle variables 

A structured questionnaire was used to collect data on the socio-demographic and lifestyle variables, 

including demographic characteristics, socio-economic physical activity, tobacco and alcohol use, 

consumption of fruits, vegetables, and sweet drinks. The socio-demographic variables collected included 

age, divided into six groups (15-24, 25-34, 35-44, 45-54, 55-64, and ≥65 years [Paper I] and 18–27, 28–

37, 38–47, 48–57, 58–67, ≥68 years [Paper II]; gender; occupation, considered as a student/unemployed, 

self-employed and a salaried job; and education, categorised as no formal, primary or secondary or higher 

education. The different age categories used in Paper 1 were due to age-standardisation. The Swaziland 

Demographic and Health Survey used for age-standardisation in Paper 1 employed the 15 years and older 

age categories. Principal component analysis (PCA) was used to generate wealth quintiles from the asset 

variables. Asset variables included a radio or transistor, a television, mobile phone, non-mobile phone, 

refrigerator, stove, and watch/clock. Each principal component was the sum of each variable multiplied by 

its weight. The components were ordered so that the first principal component explained the most 

substantial amount of variation in the data. Therefore, the first principal component was used to represent 

the wealth index because it explained the largest possible amount of variation in the original data (160) (see 

Figure 3). This wealth index was then ranked into five quintiles (since the wealth index was a continuous 

variable), dividing all participants into five equal groups; lowest, second, third, fourth, and the highest 

quintiles (Paper I). In Paper II, the first principal component was used to represent the wealth index, 

categorised into three levels: lower, middle, and highest SES levels. 

Insufficient physical activity was defined as self-reports of less than 150 minutes of moderate-intensity 

activity or less than 75 minutes of vigorous-intensity work, recreation, or travel per week (94). Smoking 

was defined as self-reported former or current tobacco use, including smokeless tobacco products, snuff, 

and pipes. Harmful alcohol use was defined as the consumption of five or more standard drinks per day for 

men and four or more standard drinks per day for women (161). Alcohol use included beer, wine, spirits, 

and a local brew (such as buganu). Consumption of sweet drinks was defined as self-reported consumption 

of sweet coffee, sweet tea, soda, and other sweet beverages per week. Rare consumption of sweet drinks 

was defined as the consumption of fewer than three drinks per week. Moderate sweet drink consumption 

was defined as the consumption of four to ten drinks per week, while consumption of more than eleven 

sweet drinks per week was considered excessive (161). Salt use included the use of raw salt and salty stock 

cubes or powders. Consumption of salty processed foods included the consumption of salty snacks, canned 

salty foods, and salty foods prepared at fast-food restaurants. Adequate consumption of fruits and 

vegetables was considered as the consumption of three or more servings daily. One serving of vegetables 

was taken as one cup of raw green leafy vegetables or half a cup of other raw or cooked vegetables (tomatoes, 
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carrots, onions) or half a cup of vegetable juice. One serving of fruit was taken as one medium-sized apple, 

banana, orange, or half a cup of cooked or canned fruit or half a cup of juice from fruit (but not artificially 

flavoured). 

1.9.4.4 Definitions 

The prevalence of T2DM was defined to comprise of all participants with known diabetes (previous 

diagnosis of diabetes or using anti-diabetic medications) and those with a fasting blood glucose (FBG) ≥ 

7.0 mmol/L (≥126 mg/dL) or a random blood glucose (RBG) ≥ 11.1 mmol/dL (> 200 mg/dL) and a 2hr 

glucose concentration during an OGTT. Prediabetes was defined as an FBG between 6.1 and 6.9 mmol/L 

(110–125 mg/dL) for impaired fasting glucose (IFG) or a 2hr glucose concentration during an OGTT 

between 7.8 (140 mg/dL) and 11.0 mmol/L (199 mg/dL) for impaired glucose tolerance (IGT) based on the 

WHO/IDF recommendation (162). Abnormal glucose metabolism (AGM) was defined as IFG, IGT, or 

T2DM. 

In Papers I - and II, the participants were hypertensive (stage 1) if their mean systolic blood pressure (SBP) 

was 130–139 mmHg or their mean diastolic blood pressure (DBP) was 80-89 mmHg. Stage 2 hypertension 

was defined as a mean SBP of 140–179 mmHg and a DBP ≥ 90 mmHg. Participants were considered to 

have a hypertensive crisis if their mean SBP was ≥180 mmHg or if their mean DBP was ≥ 120 mmHg. 

A mean SBP of 120–129 and a mean DBP of < 80 mmHg was considered an elevated blood pressure. 

Participants on anti-hypertensive treatment were also included. Hypertension definitions were made 

according to the American College of Cardiology/American Heart Association guidelines (163). In Papers 

III and IV, hypertension was defined as a systolic blood pressure (SBP) ≥ 140 mmHg and/or a diastolic 

blood pressure (DBP) ≥ 90 mmHg or currently on antihypertensive medication (164). 

General obesity was defined as a BMI ≥ 30 kg/m² while obesity stages I, II, and III were defined as BMIs 

of 30-34.9, 35-39.9 and ≥ 40 kg/ m², respectively according to the WHO definitions (165). Underweight 

and overweight were defined as a BMI < 18.5 and a BMI of 24.5 – 29.9, respectively (165). Abdominal 

obesity (central obesity) was defined according to the WHO guidelines (166). Waist circumference was 

defined as normal, overweight, and obese for men (< 94, 94–102 and ≥ 103 cm) and women (≤ 80, 80–

88, and ≥ 89 cm), respectively and > 94 cm in men or > 80 cm in women. Raised WHR was defined as a 

WHR >1.0 for men and >0.85 for women. 
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1.9.4.5 Data collection team 

The data collection team comprised of the principal investigator and two research assistants (a medical 

doctor and a nurse). The research assistants underwent training before the commencement of fieldwork. 

1.9.4.6 Data management and analysis 

Data collected in the completed questionnaires and data collection form were entered into MS Excel and 

screened for missing data, outliers, and normality using the Kolmogorov-Smirnov (K-S) one sample test 

before being exported to SPSS version 26 (IBM Corp., Armonk, NY, USA) for analysis. The results of the 

Kolmogorov-Smirnov test were significant, p<0.05. These results suggest that the variables (age, blood 

glucose, BMI, WC, WHR) are unlikely to have been produced by a normal distribution; thus, normality 

cannot be assumed. However, the mean of any random variable will be approximately normally distributed 

as sample size increases according to the Central Limit Theorem. Therefore, with a sufficiently large sample 

size (n > 50), deviations from normality will have little effect on the results (167). A two-sided p-value < 

0.05 was considered statistically significant in all four papers. 

1.9.4.6.1 Paper I 

The calculation of the prevalence of T2DM and prediabetes was based on the method used by Miller (168). 

A Chi-square test was applied to examine the association between the independent demographic and 

biometric variables and abnormal glucose metabolism (AGM) (T2DM and prediabetes). Analysis of 

variance (ANOVA) was used to examine the group and the main effect of the categorical independent 

variables (age groups, gender) on the continuous dependent fasting blood glucose (FBG) levels.  

1.9.4.6.2 Paper II 

The prevalence of hypertension was calculated. A Chi-square test was applied to examine the association 

between the independent socio-demographic and behavioural variables and prediabetes, T2DM, and 

hypertension. A binary logistic regression with a backward conditional method was performed to assess the 

variables that were associated with T2DM, prediabetes, and hypertension. 

1.9.4.6.3 Paper III 

The prevalence of overweight and obesity was calculated according to the BMI, WC and WHR. A Chi-

square test was used for bivariate data analysis, and univariate ANOVA was used to examine the group and 

the main effect of the categorical independent variables (age groups, gender) on the continuous dependent 

body mass index, waist circumference, and waist-to-hip ratio, respectively. A binary logistic regression 
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with a forward conditional method was performed to assess which independent variables could predict the 

development of general obesity (BMI) and central obesity (WC and WHR). 

1.9.4.6.4 Paper IV 

The prevalence rates for T2DM and prediabetes and hypertension were compared according to sex, 

educational levels, age groups, and levels of general (BMI), and central (WC and WHR) obesity. A Chi-

square test was applied to examine the association between the independent demographic and biometric 

variables and AGM and hypertension. Receiver operating characteristic (ROC) analysis was used to 

determine which of the measures of general and central adiposity had the best predictive ability for 

identifying future T2DM and hypertension risk, while the area under the ROC curve (AUC) and it's 95% 

CI was used to estimate the optimal cut-off value for each of the obesity indices. Diagnostic performance 

and the optimal cut-off value were determined using the Youden index that minimises 1 – (sensitivity + 

specificity) or equivalently maximises the sum of sensitivity and specificity in ROC space. 

1.9.4.6.5 The ethical and scientific review 

The study was approved by the Biomedical Research Ethics Committee (BREC) of the University of Kwa 

Zulu-Natal (UKZN) (Reference: BE 385/18) and the Research Ethics Committee (REC) of the Ministry of 

Health in Swaziland. Participation was voluntary and written informed consent was obtained from each 

participant who was identified anonymously. 

The main ethical issue in these studies was the need to follow-up participants who were newly diagnosed 

with T2DM and hypertension during the data collection phase. However, all of the participants with 

abnormal glucose levels and raised blood pressure were given a referral note for the Raleigh Fitkin 

Memorial for proper management of their condition. Also, free counselling was provided to the participants 

with IFG, IGT, and raised BP to visit the diabetes clinic for further evaluation and management of their 

condition. 
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CHAPTER TWO 
 

PREVALENCE OF ABNORMAL GLUCOSE METABOLISM AMONG ADULTS 

ATTENDING AN OUTPATIENT DEPARTMENT AT A TERTIARY REFERRAL 

HOSPITAL IN SWAZILAND: A CROSS-SECTIONAL STUDY 

 

In the current chapter, the prevalence of type 2 diabetes mellitus and pre-diabetes among patients in a 

tertiary hospital in Manzini, Swaziland, is estimated. The findings from this chapter contribute to the limited 

research on T2DM prevalence in Swaziland. The manuscript resulting from this chapter has been published 

by the peer-reviewed journal, BMC Public Health. 
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CHAPTER THREE 

 

MODIFIABLE RISK FACTORS ASSOCIATED WITH NON-COMMUNICABLE DISEASES 

AMONG ADULT OUTPATIENTS IN MANZINI, SWAZILAND: A CROSS-SECTIONAL 

STUDY 

 

In the previous chapter, the prevalence of T2DM and pre-diabetes was estimated. Having established that 

these prevalence rates are high and identified modifiable risk factors for T2DM, the next step is to identify 

how modifiable risk factors contribute to the prevalence of these chronic NCDs. This chapter's work extends 

the findings from the previous chapter by determining the dietary and lifestyle factors associated with 

T2DM, pre-diabetes, and hypertension. 

This chapter is a paper that has been published in BMC Public Health. The peer-review process improved 

the quality of the paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 
 



51 
 



52 
 



53 
 



54 
 



55 
 



56 
 



57 
 



58 
 



59 
 



60 
 



61 
 

 

 



62 
 

CHAPTER FOUR 

 

OVERWEIGHT, OBESITY AND ASSOCIATED FACTORS, AND A COMPARATIVE 

ANALYSIS OF THE ANTHROPOMETRIC INDICES OF OBESITY AS PREDICTORS OF 

T2DM/PREDIABETES AND HYPERTENSION IN SWAZI ADULTS 

 

Obesity and overweight are some of the significant determinants of cardio-metabolic and other chronic 

diseases, including T2DM. In the previous chapters (Two and Three), it was established that the distribution 

of T2DM in the Swazi population varies among different groups (non-modifiable and modifiable risk 

factors). This creates differential experiences of and vulnerability to the intermediate risk factors for T2DM, 

prediabetes and hypertension, including overweight and obesity. Having established that obesity and 

overweight are significant determinants of T2DM and other cardio-metabolic diseases, the next step is to 

identify which of the anthropometric measures is best for identifying the risk for prediabetes/T2DM and 

hypertension. 

The work in this chapter extends the findings from Chapter Two by estimating the prevalence of obesity 

and overweight in the Swazi population and by determining the factors associated with these conditions. 

These findings are extended by evaluating the ability of body mass index, waist circumference and waist-

to-hip ratio to be used as predictors of type 2 diabetes and hypertension risk in Swazi adults for the first 

time, and by estimating their optimal cut-off levels for the first time. 

This chapter comprises of two manuscripts that have been submitted to the Tropical Medicine and 

International Health and BMC Nutrition journal, respectively are currently under review. 
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Abstract 

Background: Obesity, overweight and associated factors are major public health concerns in Swaziland. 

The prevalence of obesity and overweight in Swaziland's general population is increasing, but there is 

limited data on the situation is like in clinical settings. This study aimed to estimate the prevalence of obesity 

and overweight and their associated risk factors. 

Methods: A cross-sectional study of 385 randomly selected adult outpatients was conducted from February 

to March 2019 at the Raleigh Fitkin Memorial Hospital, Manzini, Swaziland. Height, weight, waist- and 

hip-circumferences, sociodemographic and lifestyle factors were assessed. BMI, WC, and WHR were 

measured using standardised methods. Overweight was defined as BMI = 25 kg/mᵃ and obesity was defined 

as BMI ≥ 30 kg/mᵃ. Overweight was defined based on WC 94–101.9 cm and 80–87.9 cm in men and 

women respectively, and obesity based on WC ≥ 102 cm in men and ≥ 88 cm in women. Overweight was 

defined based on WHR 0.95–0.99 and WHR 0.80–0.84 in men and women respectively and obesity was 

based on WHR ≥ 1 in men and ≥ 0.85 in women. Binary logistic regression was used to identify the 

factors associated with being overweight/obese. 

Results: Of the 385 participants, 5.5% were underweight. The overall prevalence of obesity according to 

WC, WHR, BMI was 29.1%, 25.7%, and 19.7%. The highest prevalence of overweight (26.5%) was 

estimated with BMI. The overall prevalence of overweight estimated with WC and WHR was 13.8% and 

11.9%. Significant gender differences were observed in the prevalence of obesity and overweight 

(p<0.0001). Highest SES (AOR 1.68; 95% CI 1.01-2.81) (BMI) and (AOR 2.15; 95% CI 1.24-3.73) (WC), 

consumption of salty processed foods (AOR 1.58; 95% CI 1.03-2.44) (WHR) increased the odds of being 

overweight/obese. Physical activity (AOR 0.57; 95% CI 0.38-0.87) (by BMI) (AOR 0.58; 95% CI 0.37-

0.90) (WHR) and consumption of vegetables were protective against the risk of overweight/obesity (AOR 

0.54; 95% CI 0.33-0.89) (WC). An average household income of SDE 3000 or higher was also associated 

with lower odds of being overweight/obese (AOR 0.39; 95% CI 0.22-0.69) (by WHR). 

Conclusions: According to our study, obesity and overweight are highly prevalent among adult outpatients 

in this clinical setting, particularly among women. Factors independently associated with higher odds of 

being overweight/obese in the population studied were highest SES and income, and salty processed foods 

consumption, inadequate consumption of vegetables and insufficient physical activity. This finding 

provides an important baseline for the monitoring of obesity and overweight cases in the future, and 

highlights the need for community-based interventions to address the growing burden of obesity/overweight 

in Swaziland. Highest SES and income, consumption of vegetables and salty processed foods and physical 

activity were independent risk factors associated with overweight/obesity. 

Keywords: Body mass index, Central obesity, Obesity, Overweight, Risk factors, Waist circumference. 
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Background 

The prevalence of obesity worldwide has increased since 1975 by nearly 300%, with about 2 billion and 

over half a billion adults considered overweight and obese, respectively, in 2016 (1). Previously considered 

conditions of the industrialised countries, overweight and obesity are now prevalent in low- and middle-

income countries (LMICs), including sub-Saharan Africa (SSA) (2). Based on the estimates of the World 

Health Organisation (WHO), the prevalence of overweight among adults between 25-64 years in Southern 

Africa is 40-60% (3). In SSA, the rising prevalence of obesity and overweight co-exist with the increasing 

prevalence of non-communicable diseases (NCDs), with an anticipated highest increase in NCD deaths of 

27% in Africa over the next decade (4). In Swaziland, the prevalence of overweight and obesity has also 

increased in the general population over the last two decades (5). In the last two decades, obesity prevalence 

increased from 16.2% to 26.2% among Swazi women and from 2.2% to 5.4% among adult Swazi men (5).  

In the USA's clinical settings, the prevalence of overweight and obesity among adult outpatients was about 

80% (6, 7). In a study of 4378 outpatients drawn across Africa and the Middle East, the overall prevalence 

of general obesity defined by body mass index (BMI) was 37% (8); the overall prevalence of central obesity 

defined by waist circumference (WC) was 68%. Other observational studies conducted in developing 

countries have reported a general obesity prevalence of 27-33% and overweight 32-38% among outpatients 

(9-11). An American study found that obesity significantly extends the number of visits in the outpatient 

department (OPD) (6). Likewise, a time burden study conducted among outpatients in the USA shows that 

40 minutes of primary care providers’ time spent on obesity cases is enough to see two additional patients 

(12).  

Obesity and overweight are typified by abnormal or excess fat accumulation that can potentially negatively 

affect health.1 Obesity results from an imbalance between calories consumption (poor diet) and calories 

utilisation (low physical activity and a sedentary lifestyle) (1). The rising prevalence of obesity worldwide 

is commonly attributed to genetic factors, dietary and physical activity patterns, and the increasing 

availability of highly fatty foods (13). The driving force behind these patterns incorporates globalisation, 

which is perceived to be directing a broad nutrition transition in numerous nations, characterised by a move 

from rich traditional foods to energy-dense western diets and a progressively sedentary lifestyle (14, 15). 

Epidemiological studies have demonstrated the beneficial impact of physical activity and healthy diets in 

reducing the risk of weight gain and related chronic diseases (16-18). On the other hand, longitudinal studies 

have shown the harmful effect of processed foods on weight gain and obesity (19, 20). Additionally, 

evidence from industrialised countries indicates a higher obesity prevalence among people with a lower 

socioeconomic status. Contrarily, the available evidence in SSA shows inconsistent results, with some 
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studies suggesting a strong positive association between high SES and obesity, whereas others reported an 

inverse association (21). 

The assessment of fat mass and definitions of overweight and obesity utilise many approaches, a few of 

which are complex or intrusive and are inapplicable beyond clinical settings to recognise candidates for 

weight control (22-24). In routine clinical practice and epidemiological studies, the most used measure to 

define overweight and obesity is BMI, a measure of general obesity.1 Besides, waist circumference (WC) 

and waist-to-hip ratio (WHR) have been used as measures of central obesity (visceral adiposity) (25). 

Increased weight and WC are strongly associated with CVD risk factors such as T2DM and hypertension 

in many populations (26-28). 

Although NCD-related research has increased in Swaziland, including a survey on NCD risk factors (29), 

there are still limited facility-based studies in Swaziland that have precisely estimated overweight and 

obesity prevalence in adult outpatients (a potentially high-risk population) and the associated factors. The 

few facility-based studies conducted in Swaziland provided valuable insight on obesity, but none of them 

estimated the prevalence with waist circumference and waist-to-hip ratio. The evidence indicates that 

central obesity, particularly waist circumference, is more associated with cardiometabolic risk (26-28, 30). 

Thus, this study aimed to estimate the prevalence of overweight and obesity and to determine the 

associations of overweight, obesity, and its related sociodemographic, dietary, and lifestyle factors in an 

adult outpatient sample at Raleigh Fitkin Memorial Hospital, Swaziland. 

Methods 

Detailed descriptions of the examination procedures, the participants’ characteristics and the behavioural 

variables have been provided elsewhere (31, 32). Briefly, 385 patients attending the OPD at Raleigh Fitkin 

Memorial Hospital in Manzini, Swaziland, were included in the study.  

Anthropometric measurements 

For each participant in this study, anthropometric measurements of body height and weight were assessed 

using standard protocols. Body weight (to the nearest 0.1 kg) was measured with a digital scale (FORA 

Digital Multi-function Diamond Scale), with participants in light clothing and barefoot. Height (to the 

nearest 0.1 cm) was measured with a stadiometer (SECA, Germany), with participants barefoot. Body mass 

index (BMI) was calculated as weight in kg divided by height in m². Waist circumference (to the nearest 

0.1 cm) was measured using a measuring tape, midpoint between the last palpable rib and the suprailiac 

crest, while participants were standing and breathing normally. Hip circumference was measured at the 

widest point around the greater trochanter. The waist and hip circumferences were measured with the tape 
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parallel to the floor. Waist-to-hip ratio (WHR) was defined as the ratio of the WC to the hip (WC [cm]/HC 

[cm]).  

Definition of general and central obesity 

Participants were considered to have general obesity if their BMI was ≥30 kg/m². Overweight was defined 

as a BMI between 25.0 and 29.9 kg/m². Participants were classified as underweight if their BMI was less 

than 18.5 kg/m². Participants with a BMI between 18.5 and 24.9 kg/m² (inclusive) were considered to be 

of a normal weight. The BMI definition is according to the WHO standards (13), and the abdominal obesity 

(central obesity) was defined according to the WHO guidelines (33). Men with a WC of less than 94 cm 

and women with a WC of less than 80 cm were classified as having a normal weight. Men with a WC 

between 94 and 101.9 cm and women with a WC between 80 and 87.9 cm were classified as being 

overweight. Participants were classified as having central obesity if their WC was 102 cm or higher (in 

men), or 88 cm or higher (in women). Based on the WHR, men and women with a WHR of less than 0.9 

or 0.8 respectively were classified as having a normal weight. Overweight was defined as a WHR of 

between 0.95 and 0.99 (inclusive) for men and from 0.80 to 0.84 for women. Obesity was defined as a 

WHR of 1.0 or higher (men) or 0.85 or higher (women). 

Statistical methods 

The SPSS software version 26 was used for all statistical analyses. The Chi-square test was used for the 

bivariate data analysis. A binary logistic regression with a forward conditional method was performed to 

assess which independent variables could predict the development of general obesity (BMI) and central 

obesity (WC and WHR). A two-sided p-value < 0.05 was considered statistically significant. 

Results 

Prevalence of underweight, overweight and obesity 

The overall prevalence of central obesity as measured by WC (29.1%) and WHR (25.7%) was higher than 

the obesity prevalence estimated by BMI (19.7%). Based on the BMI, about 27% of the adult outpatients 

were overweight, with 14% and 12% estimated to be overweight using WC and WHR (Table 1).  

The age and gender distribution of underweight, overweight and obesity are shown in Table 2. Regardless 

of the anthropometric measurement used, women always had a higher prevalence of overweight and obesity 

than men. In contrast, more men (9.6%) were underweight than women (1.1%) based on their BMI. Based 

on BMI, about 20% and 34% of the women were overweight and obese, with significantly more women 

(33.5%) than men (6.6%) in the obese category. Large differences were observed in the prevalence of 
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obesity in the age groups 18-27, 58-67 and 38-47 years, where the ratios of obese women to obese men 

were 10 (15.1% vs 1.5%), 9 (58.8% vs 6.2%) and 7 (50% vs 7.4%) respectively. The difference in the 

prevalence of obesity between men and women by WC was generally large, except in the 38-47 years group, 

where the ratio of obese women to obese men was 4 (72.2% vs 18.5%). The largest difference was observed 

in the youngest age group 18-27 years (28.3% vs 0%). Based on the WHR, a large difference was observed 

in the prevalence of obesity between men and women in all age groups, except the 58-67 years group, where 

the ratio of obese women to obese men was 3 (70% vs 23.1%). The largest difference was observed in the 

28-37 years group (35.7% vs 0%). 

Among the men, BMI produced the highest prevalence of overweight across all age groups. A similar 

pattern was observed among the women, except in the 58-67 years age group where WC yielded the highest 

prevalence of overweight (35.3% vs 29.1% and 11.8%). No consistent pattern was observed in the 

prevalence of obesity among men across the age groups. WHR produced the highest obesity estimate 

(23.1%) in the oldest age group (68 years or older). Both WC and WHR produced the same estimate in the 

48-57 years group (7.1%), while BMI and WC estimated the obesity prevalence at 7.7% for men in the ≥

68 years age group. 
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Table 1. Characteristics of the study population according to overweight/obesity status 

Characteristic n 

Overweight   Obese 

BMI WC WHR   BMI WC WHR 

Age group (years)         

     18 - 27 121 17.4** 6.6** 9.9**  7.4** 12.4** 9.9** 

     28 - 37 101 23.8 14.9 10.9  15.8 20.8 14.9 

     38 - 47 71 31.0 15.5 16.9  33.8 52.1 39.4 

     48 - 57 36 38.9 11.1 11.1  33.3 52.8 55.6 

     58 - 67 33 33.3 23.4 12.1  33.3 36.4 32.4 

      ≥68 23 43.5 26.1 13.0  17.4 34.8 43.5 

Overall 385 26.5 13.8 11.9  19.7 29.1 25.7 

Gender         

     Male 197 19.8** 7.6** 5.1**  6.6** 5.1** 4.1** 

     Female 188 33.5 20.2 19.1  33.5 54.3 4.8 

Residence         

     Rural 192 25.5 16.1 13.0  22.9 32.3 29.7* 

     Urban 191 26.7 11.0 11.0  16.8 25.7 21.5 

Education         

     No formal education 26 38.5 11.5 7.7  19.2 42.3 42.3* 

     Primary 96 24.0 13.5 14.6  24.0 35.4 32.3 

     Secondary or higher 263 26.2 14.1 11.4  18.3 25.5 21.7 

Socioeconomic status        

     Lower 127 27.6 11.8 15.7  14.2 25.2 26.0 

     Middle 130 25.4 13.1 9.2  20.0 30.0 24.6 

     Higher 128 26.6 16.4 10.9  25.0 32.0 26.6 

Occupation         

     Student/unemployed 153 24.2 13.7 11.1  19.0 29.4 31.4 

     Self-employed 58 27.6 12.1 10.3  22.4 24.1 24.1 

     Salaried job 174 28.2 14.4 13.2  19.5 35.5 21.3 

Average income (SDE)        

     <1000 107 31.8 11.2 13.1  19.6 374.0 36.4* 

     1000 - 2999 166 24.7 13.9 14.5  18.7 27.1 22.9 

        ≥3000 112 24.1 16.1 7.1  21.4 24.1 19.6 

Fruit consumption         

     No 126 27.8 15.1 12.7  20.6 29.4 25.4 

     Yes 259 25.9 13.1 11.6  19.3 29.0 25.9 
         

Vegetable consumption        

     No 89 29.2 18.0* 5.6  25.8 37.1* 37.1* 

     Yes 290 25.5 12.1 13.4  17.6 26.9 22.4 
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Physical Activityᵃ         

     No 233 31.4* 13.9 14.3*  20.6 32.7 29.1* 

     Yes 162 19.8 13.6 8.6  18.5 24.1 21.0 

Smoking         

     No 195 25.1 13.8 14.4  16.9 25.6 21.5 

     Yes 190 27.9 13.7 9.5  22.6 32.6 30.0 

Alcohol         

     No 144 27.8 10.4 9.0  17.4 27.1 23.6 

     Yes 241 25.7 15.8 13.7  21.2 30.3 27.0 

Sweet drink consumption        

     Rarely 161 28.6 13.0 13.0  15.5 29.2 26.1 

     Moderately/excessively 224 25.0 14.3 11.2  22.8 29.0 25.4 

Salty processed food consumption        

     No 175 24.0 10.9 9.7  16.6* 26.3 21.7 

     Yes 210 28.6 16.2 13.8  27.4 31.4 29.0 

BMI, body mass index; WC, waist circumference; WHR, waist-hip-ratio 

n, sample size; SDE, Swazi Emalangeni 

ᵃParticipants who met the WHO recommended physical activity per week. 

*p < 0.05, **p < 0.0001 according to Pearson or Likelihood ration Chi square 

 

Prevalence of underweight, overweight and obesity 

The overall prevalence of central obesity, as measured by WC (29.1%) and WHR (25.7%), was higher than 

the obesity prevalence estimated by BMI (19.7%). Based on the BMI, about 27% of the adult outpatients 

were overweight, with 14% and 12% estimated to be overweight using WC and WHR (Table 1).  

The age and gender distribution of underweight, overweight and obesity are shown in Table 2. Regardless 

of the anthropometric measurement used, women always had a higher prevalence of overweight and obesity 

than men. In contrast, more men (9.6%) were underweight than women (1.1%), based on BMI. Based on 

BMI, about 20% and 34% of the women were overweight and obese, with significantly more women 

(33.5%) than men (6.6%) in the obese category. Large differences were observed in the prevalence of 

obesity in the age groups 18-27, 58-67 and 38-47 years of age, where the ratios of obese women to obese 

men were 10 (15.1% vs 1.5%), 9 (58.8% vs 6.2%) and 7 (50% vs 7.4%). The difference in the prevalence 

of obesity between men and women by WC was generally large, except in the 38-47 years group, where 

the ratio of obese women to obese men was 4 (72.2% vs 18.5%). The largest difference was observed in 

the youngest age group, 18-27 years (28.3% vs 0%). Based on the WHR, a large difference was observed 

in the prevalence of obesity between men and women in all age groups, except the 58-67 years of age group, 
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where the ratio of obese women to obese men was 3 (70% vs 23.1%). The largest difference was observed 

in the 28-37 years of age group (35.7% vs 0%). 

Among the men, BMI produced the highest prevalence of overweight across all age groups. A similar 

pattern was observed among women, except in the 58-67 years age group where WC yielded the highest 

prevalence of overweight (35.3% vs 29.1% and 11.8%). No consistent pattern was observed in the 

prevalence of obesity among men across the age groups. WHR produced the highest obesity estimate 

(23.1%) in the oldest age group (68 years or older). Both WC and WHR produced the same estimate in the 

48-57 years group (7.1%), while BMI and WC estimated the obesity prevalence at 7.7% for men in the ≥

68 years age group. 

Table 2. Gender distribution of overweight and obesity by BMI, WC and WHR 

Age  

group n 

  BMI   WC   WHR 

Underweightᵃ Overweight Obese   Overweight Obese   Overweight Obese 

Men 

18-27 68 10.3 8.8 1.5  0.0 0.0  2.9 0.0 

28-37 59 10.2 22.0 8.5  8.5 3.4  1.7 0.0 

38-47 27 7.4 22.2 7.4  7.4 18.5  3.7 7.4 

48-57 14 14.3 21.4 21.4  7.1 7.1  14.3 7.1 

58-67 16 12.5 37.5 6.2  18.8 6.2  12.5 12.5 

≥68 13  38.5 7.7  30.8 7.7  15.4 23.1 

Total 197 9.6 19.8 6.6  7.6 5.1  5.1 4.1 

           

Women 

18-27 53  28.3 15.1  15.1 28.3  18.9 22.6 

28-37 42 2.4 26.2 26.2  23.8 45.2  23.8 35.7 

38-47 44 2.4 36.4 50.0  20.5 72.7  25.0 59.1 

48-57 22  50.0 40.9  13.6 81.8  9.1 86.4 

58-67 17  29.4 58.8  35.3 64.7  11.8 70.6 

≥68 10  50.0 30.0  20.0 70.0  10.0 70.0 

Total 188 1.1 33.5 33.5   20.2 54.3   19.1 48.4 
 

BMI: Body mass index. Overweight was defined as a BMI between 25–29.9 and obesity as a BMI ≥ 30 kg/m² in men and women.  

WC: Waist circumference. Overweight was defined based on a WC 94–101.9 cm and 80–87.9 in men and women respectively, and obesity was 

based on a WC ≥ 102 cm in men and ≥ 88 cm in women.  
WHR: Waist-to-hip ratio. Overweight was defined based on a WHR 0.95–0.99 and a WHR 0.80–0.84 in men and women respectively, and 

obesity was based on a WHR ≥ 1 in men and ≥ 0.85 in women) 
ᵃCombined underweight prevalence was 5.5% 
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Factors associated with overweight/obesity 

Table 3 shows the results of the binary logistic regression models to determine the modifiable factors 

associated with being overweight/obese. The highest SES and consumption of salty processed foods were 

the modifiable factors found to increase the odds of being overweight/obese based on BMI in the unadjusted 

model. Adequate vegetable consumption and sufficient physical activity were found to be protective of the 

risk of being overweight/obese. In the adjusted model, only the highest SES remained significantly 

positively associated with being overweight/obese. Participants who were from a household in the highest 

SES level were twice more likely to be overweight/obese than their counterparts in the lowest SES level 

(AOR 1.6; 95% CI 1.01-2.81). Also, only sufficient physical activity remained significantly associated with 

a reduced risk of being overweight/obese. Participants who attained the WHO recommended level of 

physical activity per week were at 57% reduced risk of being overweight/obese compared to those who did 

not (AOR 0.57; 95% CI 0.38-0.86). 

Consumption of vegetables was protective against the risk of being overweight/obese according to WC. 

Also, consumption of salty processed foods increased the odds of being overweight/obese. After adjusting 

for confounders, the highest SES remain positively associated with overweight/obese and consumption of 

vegetables remained independently associated with lower odds of being overweight/obese. Participants 

from households in the highest SES level were two times more likely to be overweight/obese than those 

from the lowest SES level (AOR 2.15; 95% CI 1.24-3.73). Compared with participants who ate less than 

five servings of vegetables per day, those who ate at least five servings per day were less likely to be 

overweight/obese (AOR 0.54; 95% CI 0.3-0.89). 

Based on WHR, the consumption of salty processed foods was significantly associated with being 

overweight/obese, whereas an average household income of SDE 1000-2999 or ≥3000 and adequate 

physical activity were associated with reduced odds of being overweight/obese. In the adjusted model, the 

three factors maintained their association with overweight/obese. Participants from households with an 

average income of SDE 3000 or more were at a 39% (AOR 0.39; 95% CI 0.22-0.69) reduced risk of being 

overweight/obese than those from households with an average income of less than 1000 SDE. Participants 

who were more physically active were less likely to be overweight/obese compared to their counterparts 

who were less physically active (AOR 0.58; 95% CI 0.37-0.90). Participants who consumed salty processed 

foods moderately or regularly were at a 58% increased risk of being overweight/obese than those who do 

not or rarely consumed processed foods. 
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Table 3. Crude and adjusted odds ratios for risk factors associated with being overweight or obese 

Factor n 

BMI   WC   WHR 

COR [95% CI] AOR [95% CI]   COR [95% CI] AOR [95% CI]   COR [95% CI] AOR [95% CI] 

Education          

     No formal education 26 1   1   1  

     Primary education 96 0.68 [0.28-1.62]   0.82 [0.35-1.96]   0.88 [0.37-2.10]  

     Secondary or higher   

education 263 0.59 [0.28-1.33]   0.56 [0.25-1.26]   0.49 [0.49-1.11]  

Socioeconomic status         

     Lowest 127 1 1  1 1  1  

     Middle 130 1.16 [0.71-1.90] 1.27 [0.76-2.12]  1.29 [0.78-2.12] 1.50 [0.87-2.55]  0.71 [0.43-1.19]  

     Highest 128 1.49 [0.91-2.44] 1.68 [1.01-2.81]*  1.60 [0.97-2.64] 2.15 [1.24-3.73]*  0.84 [0.51-1.39]  

Occupation          

     Student/unemployed 153 1   1   1  

     Self-employed 58 1.32 [0.72-2.42]   0.75 [0.40-1.40]   0.71 [0.38-1.34]  

     Salaried job 174 1.20 [0.78-1.86]   1.07 [0.69-1.66]   0.71 [0.46-1.12]  

Average income (SDE)         

     <1000 107 1   1   1 1 

     1000-2999 166 0.72 [0.45-1.18]   0.73 [0.45-1.20]   0.61 [0.37-0.99]* 0.66 [0.39-1.09] 

      ≥3000 112 0.79 [0.47-1.34]   0.71 [0.42-1.21]   0.37 [0.21-0.66]** 0.39 [0.22-0.69]** 

Fruit consumption          

     No  126 1   1   1  

     Yes 259 0.88 [0.57-1.34]   0.91 [0.59-1.40]   0.97 [0.63-1.51]  

Vegetable consumption         

     No  89 1   1 1  1  

     Yes 290 0.62 [0.38-0.99]*   0.52 [0.32-0.84]* 0.54 [0.33-0.89]*  0.75 [0.46-1.22]  

Physical activityᵃ          
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     No  223 1 1  1   1 1 

     Yes 162 0.57 [0.38-0.86]* 0.57 [0.38-0.87]*  0.69 [0.46-1.04]   0.55 [0.36-0.84]* 0.58 [0.37-0.90]* 

Smoking          

     No  195 1      1  

     Yes 190 1.41 [0.94-2.10]      1.32 [0.88-1.98]  

Alcohol          

     No  144 1   1   1  

     Yes 241 1.07 [0.71-1.62]   1.42 [0.93-2.17]   1.41 [0.92-2.18]  

Consumption of sweet 

drinks          

     Rarely 161 1   1   1  

     Moderately/excessively 224 1.16 [0.77-1.74]   1.05 [0.69-1.57]   0.90 [0.59-1.36]  

Consumption of salty processed 

foods         

     No  175 1   1   1 1 

     Yes 210 1.52 [1.02-2.28]*     1.54 [1.02-2.32]*     1.64 [1.08-2.49]* 1.58 [1.03-2.44]* 

AOR, adjusted odds ratio; BMI, body mass index. Overweight was defined as a BMI between 25–29.9 kg/m² and obesity as a BMI ≥ 30 kg/m² in men and women 

CI, confidence interval; COR, crude odds ratio; SDE, Swaziland Emalangeni. 

WC, waist circumference. Overweight/obese according to WC is defined as≥ 94 cm (men)/≥80 cm (women). 

WHR, waist-to-hip ratio. Overweight/obese according to WHR is defined as ≥ 0.95 (men)/≥0.80 (women). 

ᵃParticipants who met the WHO recommended physical activity per week. 

*p<0.05; **p<0.0001.          
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Discussion 

As the first study to estimate the prevalence of central obesity and associated factors in a Swazi outpatient 

sample, a relatively high burden of overweight and obesity and a low prevalence of underweight was 

observed, particularly among women. Highest wealth quintile, high income, insufficient physical activity, 

consumption of salty processed foods, and inadequate consumption of vegetables were the modifiable 

factors significantly associated with being overweight/obese. Central obesity (as measured by WHR) was 

more pronounced in rural areas than in urban areas. There was no significant difference between alcohol 

users and non-alcohol user samples in terms of being overweight or obese. 

The low prevalence of underweight found in the present study is consistent with the previous reports in 

Swaziland29 and elsewhere in SSA, namely Malawi (34) and Uganda (35). In contrast to the present study; 

a Kenyan study (36) reported a higher prevalence of underweight, particularly in rural adults. The rural-

urban divide may have played a role in the variation observed between the present study and the Kenyan 

study. The higher prevalence of underweight found in the present study among men (9.6%) as opposed to 

women (1.1%) confirms the previous findings in Swaziland (29) and elsewhere in SSA (34-38). 

A previous study (39) conducted in the Lubombo region, Swaziland, reported a considerably lower 

prevalence of overweight (BMI≥25 kg/m²) (5.5%) among HIV-infected patients than the present study 

which reported an overweight prevalence of 26.5% (by BMI). However, the estimated prevalence of 

overweight in the present study (26.5%) is consistent with an estimate from the STEPs survey (23.4%) for 

the general population in Swaziland (29). No comparable estimate exists in Swaziland for the prevalence 

of overweight estimated by WC and WHR. The lower prevalence of overweight as estimated by either WC 

or WHR than the estimate using BMI has been reported among adults in Australia (40), while in contrast, 

studies conducted in South Africa (41) and Nigeria (42) have reported a higher prevalence of overweight 

by WC or WHR than BMI.  

The general obesity prevalence estimated in the present study is consistent with an estimate from the STEPs 

survey (29), but higher than the national estimate of 14% estimated by the WHO (43). Nevertheless, general 

obesity prevalence ranges from 30% to 60% in the Southern Africa subregion (35, 41, 44-46). Previous 

reports in Swaziland (29, 39) focused on general obesity (BMI) only, but the present study confirms the 

epidemic nature of overweight and obesity in Swaziland. 

The estimated prevalence of central obesity by WC was 29.1% (men 5.1% vs women 54.3%) and 25.7% 

by WHR (men 4.1% vs women 48.4%). The prevalence of central obesity (as assessed by WC, the most 

commonly used measure) in the present study is consistent with the estimates from the studies conducted 

among adults (35-60 years) in Malawi (34) and Uganda (47) but lower than the prevalence reported among 
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adult outpatients (≥18 years) in South Africa (41) and Nigeria (42). Methodological differences may have 

played a part in the observed variations in the central obesity prevalence in these studies and the present 

study. The higher prevalence of central obesity than the prevalence of generalised obesity in the present 

study indicates the need to include the former in the screening and management of NCDs, particularly at 

the primary health care level. As shown by Owolabi et al. (41), BMI might underestimate or misclassify at-

risk individuals. 

Moreover, visceral fat is more dangerous to health than subcutaneous fat and studies have reported a strong 

association between visceral fat and cardiovascular risk factors, T2DM and hypertension in many 

populations (26-28). The INTERHEART study,48 a case-control study of large participants in 52 countries, 

found that WC was a stronger predictor of myocardial infarction than BMI. Therefore, there is a need for 

the Swaziland Ministry of Health to review the clinical guidelines for managing NCDs by incorporating 

WC as one of the vital signs to be monitored at health facilities.  

The significant gender differences observed in the present study in the prevalence of overweight, general, 

and central obesity is a well-established finding and is consistent with previous findings (34, 36). Like the 

findings from many studies in developing countries (34, 44, 49), women were found to be more overweight 

and obese than men in the present study. Contrarily, findings from studies conducted in developed countries 

suggest than adult men were more overweight and obese than adult women (17, 50). The gender differential 

observed in the present study can be explained by complex sociocultural pathways that encourage weight 

gain among African women (38, 39). In many African societies, weight gain among women is considered 

as a sign of beauty, affluence and good health (37, 51). Secondly, women generally have a higher percentage 

of body fat compared to men, and there are indications that the basal fat oxidation is lower in females than 

men, thereby contributing to higher fat storage in women (13). 

Both socioeconomic and lifestyle variables were independently associated with overweight/obesity in the 

present study. However, the socioeconomic statuses showed conflicting results in their association with 

central obesity (by WC and WHR). For instance, household income appeared to be protective against the 

risk of excessive adiposity (by WHR), but household wealth tended to increase the risk of developing 

excessive central adiposity (by WC) and general obesity (by BMI). It has been established that SES shows 

a negative gradient in the prevalence of overweight or obesity in industrialised countries (52). These results 

are inconsistent with those in SSA, with some studies suggesting a strong positive association between high 

SES and obesity, whereas others reported an inverse association (21). Like the present study, some studies 

have also reported a strong positive association between higher SES and obesity (35, 37). In contrast, other 

studies have found an inverse association between SES and obesity (53, 54). However, these studies have 

used education to measure SES, unlike the present study, which used the wealth index. The increase 
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observed in the likelihood of being overweight/obese with a higher SES in the present study may be related 

to changing dietary patterns, decreasing physical activity and an increasing availability of high-fat foods 

(55, 56), driven by globalisation and nutritional transition (15). Individuals of a higher SES can afford the 

more expensive, highly refined, and energy-dense western foods (57) but have little opportunities for 

physical activities (58). 

Studies in developed countries have demonstrated that individuals with higher incomes or higher education 

levels are less likely to be overweight/obese (59), while the results are inconsistent and controversial in 

developing countries (21). A Chinese study reported that individuals with a higher household income, but 

lower education level were at a higher risk of being obese (60). However, studies in SSA have reported a 

positive gradient between household income and central obesity (42, 61). The lower prevalence of central 

obesity (as measured by WHR) observed in the present study among individuals with high household 

income should be interpreted with caution. A recent review (62) showed that the impact of income on 

weight might follow an inverted U-shape. This is because people with a high income may invest more time 

and money in weight loss for the sake of appearance and health, whereas people with a low income may 

spend heavily on food (62). Further studies are thus needed to understand the influence of SES on obesity 

risk. 

Dietary and lifestyle factors associated with being overweight/obese in the present study included the 

consumption of fruits and vegetables, physical activity, and consumption of salty processed foods. 

Vegetable consumption was protective against the risk of being overweight/obese (by WC). Cross-sectional 

(63), retrospective (11) and prospective studies (16, 17) have found an inverse relationship between a diet 

rich in fruits and vegetables or fibre/wholegrain and central obesity, but a positive association between diets 

high in fried foods or refined grains and central adiposity (19, 20). The protective influence of vegetable 

consumption against the odds of increased central obesity is expected since vegetables are known to contain 

micronutrients which protect against the accumulation of body fat (64). Vegetable and fruit consumption 

induces a decrease in body weight, and studies have shown that diets rich in vegetables reduce WC (65, 

66). The observed positive association between overweight/obesity and poor diet (consumption of salty 

processed food) has been documented elsewhere (65). Salty processed foods in the present study included 

packaged salty snacks, canned salty food including pickles and preserves, and salty food prepared at a fast-

food restaurant. Studies have reported a positive association between the consumption of snacks, processed 

foods and fast-foods and central obesity (20, 67); for instance, a study conducted in Brazil found that foods 

containing snacks, fats, and chicken were associated with increased WHR (67). 

The observed association between physical activity and lower prevalence of overweight/obesity in the 

present study has been demonstrated in SSA (34, 37, 46, 68 and elsewhere previously. Shayo and Mugusi 
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(68) reported that individuals who engaged in vigorous physical activities had lower risks for obesity 

compared to their counterparts who did less vigorous physical activities. Among outpatients, a study in 

Italy also demonstrated the beneficial impact of physical activities on overweight/obesity (69). 

Although alcohol consumption was not an independent predictor of obesity in the present study, it was 

nonetheless significantly positively associated with central obesity (WHR) in the univariate analysis. 

Studies investigating the association between alcohol consumption and central obesity have produced 

inconsistent results (70). For example, a Korean study demonstrated that alcohol consumption was a 

contributing factor to an increase in body weight and body fat (71). Surprisingly, smoking was not 

significantly associated with either general or central obesity in the present study. Research has shown that 

current smokers have a lower mean BMI than former smokers or those who never smoked (72), and this 

trend was observed in the present study with smokers having a higher prevalence of overweight but not 

obesity. 

Besides gender mentioned above, the rural residence was another demographic variable found to be 

significantly associated with central obesity (WHR) in the present study. Surprisingly, this trend was 

observed in the prevalence of central obesity as well, although this difference did not reach the level of 

statistical significance. Like the present study, a study conducted in Australia (73) reported higher rates of 

overweight and obesity among rural residents. Women who live in rural areas tend to have poorer health 

outcomes and higher rates of ill health compared with those living in urban areas (74). In contrast to the 

present study, studies have reported higher obesity rates among urban residents than their rural counterparts 

in Uganda (47) Kenya (36) and Malawi (34). 

Study strengths and limitations 

To our knowledge, this is the first study reporting on the prevalence of central obesity in the Manzini region 

of Swaziland. Also, this is the first study assessing the influence of globalisation on obesity in Manzini, 

Swaziland. Such important information is essential for crafting effective public health policies and clinical 

guidelines. The use of standard procedures and the use of trained personnel to assess general and central 

obesity further give credence to the findings of this study, however, the cross-sectional nature of this study 

precludes causal inferences. Therefore, prospective studies are needed to establish a causal relationship 

between socioeconomic and lifestyle variables and the outcome variable (obesity) in Swaziland. In addition, 

the use of self-reporting for socio-economic and lifestyle variables may have led to recall and reporting 

biases, which may have affected the accuracy of the results. 
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Conclusion 

In conclusion, this study’s results revealed a high prevalence of overweight and obesity among adult 

outpatients in this health facility. Socioeconomic and lifestyle variables (modifiable factors) were 

independently associated with being overweight and obese. High SES (highest wealth quintile) was 

significantly associated with general obesity (by BMI) and central obesity (by WC), and consumption of 

salty processed foods increased the risk of central obesity (by WHR). High income was significantly 

inversely associated with central obesity (by WHR), and the consumption of vegetables appeared to be 

protective against the risk of central obesity (by WC). Vigorous physical activity was protective against the 

risk of general (by BMI) and central (by WHR) obesity, and gender and rural residence were the non-

modifiable factors associated with obesity and overweight in this study. 

There is an urgent need for the management of this health facility and the Swaziland Ministry of Health to 

develop intervention programmes to promote healthy lifestyles and reduce the high prevalence of 

overweight or obesity and its subsequent complications such as T2DM and HTN among patients and Swazis.  

Authors’ contributions 

MG reviewed the literature, and made substantial contributions to the conception, design, and drafting of 

the manuscript. BT participated in the design of the study and/or the drafting of the manuscript. Both authors 

read and approved the final manuscript. 

Funding 

This work was supported by The College of Health Sciences Scholarship for PhD students. The funding 

body did not play any role in the design of the study and writing of the manuscript, and the study protocol 

did not undergo peer-review by the funding body. 

Ethical considerations 

The study was approved by the Biomedical Research Ethics Committee (BREC) of the University of Kwa 

Zulu-Natal (UKZN) (Reference: BE 385/18). Participation was voluntary and written informed consent was 

obtained from each participant. 

Competing interests 

The authors declare that they have no competing interests. 

 

 



80 
 

References 

1. World Health Organization [Internet]. Obesity and overweight fact sheet 2016 [cited 2016 Mar 18]. 

Available from: http://www.who.int/mediacentre/factsheets/fs311/en/. 

 

2. Ganju A, Goulart AC, Ray A, Majumdar A, Jeffers BW, Llamosa G, et al. Systemic solutions for 

addressing non-communicable diseases in low-and middle-income countries. J Multidiscip Healthc. 

2020; 13:693. 

 

3. World Health Organization [Internet]. 2009-2012 STEPS survey on chronic diseases risk factors  

[cited 2017 Aug 27]. Available from: http://www.afro.who.int/en/clusters-a-

programmes/hpr/health-risk-factors/diseases-surveillance/surveillancecountry-profiles/step-

survey-on-noncommunicable-diseaserisk-factors.html  

 

4. World Health Organization. Global status report on noncommunicable diseases 2010. Geneva, 

Switzerland:  World Health Organization; 2011. 

 

5. Knoema [Internet]. World atlas data. Eswatini male and female obesity prevalence, 1960-2019. 

2020 [Cited 2020 Nov 04] Available from: https://knoema.com/atlas/Eswatini 

 

6. Huang J, Marin E, Yu H, Carden D, Arnold C, Davis T, et al. Prevalence of overweight, obesity, 

and associated diseases among outpatients in a public hospital. Southern Medical Journal. 2003; 

96(6):558-63. 

 

7. Davis NJ, Emerenini A, Wylie-Rosett J. Obesity management. The Diabetes Educ. 2006; 

32(4):557-61. 

 

8. Alsheikh-Ali AA, Omar MI, Raal FJ, Rashed W, Hamoui O, Kane A, et al. Cardiovascular risk 

factor burden in Africa and the middle east: the Africa Middle East cardiovascular epidemiological 

(ACE) study. PloS one. 2014; 9(8):e102830. 

 

9. Mogre V, Abedandi R, Salifu ZS. Prevalence of obesity and systemic hypertension among diabetes 

mellitus patients attending an out-patient diabetes clinic in a Ghanaian teaching hospital. Diabetes 

MetabSyndr: Clin Res  Rev. 2014; 8(2):67-71. 

 

10. Sanchez CN, Maddalena N, Penalba M, Quarleri M, Torres V, Wachs A. Relationship between 

level of education and overweight in outpatients. A transversal study. Medicina. 2017; 77(4):291-

6. 

 

11. Tino S, Mayanja BN, Mubiru MC, Eling E, Ddumba E, Kaleebu P, et al. Prevalence and factors 

associated with overweight and obesity among patients with type 2 diabetes mellitus in Uganda—

a descriptive retrospective study. BMJ Open. 2020; 10(11):e039258. 

 



81 
 

12. Tsai AG, Abbo ED, Ogden LG. The time burden of overweight and obesity in primary care. BMC 

Health Serv Res. 2011; 11(1):191. 

 

13. World Health Organization. Obesity: preventing and managing the global epidemic. Geneva: 

World Health Organization; 2000. 

 

14. Hawkes C. Uneven dietary development: linking the policies and processes of globalization with 

the nutrition transition, obesity and diet-related chronic diseases. Global Health. 2006; 2(1):4. 

 

15. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity in 

developing countries. Nutr Rev. 2012; 70(1):3-21. 

 

16. Estruch R, Ros E. The role of the Mediterranean diet on weight loss and obesity-related diseases. 

Rev Endocr Metab Disord. 2020; 21(3):315-27. 

 

17. Li Y, Pan A, Wang DD, Liu X, Dhana K, Franco OH, et al. Impact of healthy lifestyle factors on 

life expectancies in the US population. Circulation. 2018; 138(4):345-55. 

 

18. Ojeda-Granados C, Panduro A, Rivera-Iñiguez I, Sepúlveda-Villegas M, Roman S. A regionalized 

genome-based Mexican diet improves anthropometric and metabolic parameters in subjects at risk 

for obesity-related chronic diseases. Nutrients. 2020; 12(3):645. 

 

19. Canhada SL, Luft VC, Giatti L, Duncan BB, Chor D, Maria de Jesus M, et al. Ultra-processed 

foods, incident overweight and obesity, and longitudinal changes in weight and waist 

circumference: the Brazilian longitudinal study of adult health (ELSA-Brasil). Pub Health Nutr. 

2020; 23(6):1076-86. 

 

20. Rauber F, Chang K, Vamos EP, da Costa Louzada ML, Monteiro CA, Millett C, et al. Ultra-

processed food consumption and risk of obesity: a prospective cohort study of UK Biobank. Euro 

J Nutr. 2020:1-12. 

 

21. Agyemanga C, Boatemaab S, Agyemang G, de-Graft A. Obesity in Sub-Saharan Africa. In: Ahima 

RS, editor. Metabolic Syndrome. Switzerland: SICS; 2016. 

 

22. Ribeiro-Filho FF, Faria AN, Azjen S, Zanella MT, Ferreira SR. Methods of estimation of visceral 

fat: advantages of ultrasonography. Obes Res. 2003; 11(12):1488-94. 

 

23. Stolk R, Wink O, Zelissen P, Meijer R, Van Gils A, Grobbee D. Validity and reproducibility of 

ultrasonography for the measurement of intra-abdominal adipose tissue. Int J Obes. 2001; 

25(9):1346-51. 

 

24. Yoshizumi T, Nakamura T, Yamane M, Waliul Islam AHM, Menju M, Yamasaki K, et al. 

Abdominal fat: standardized technique for measurement at CT. Radiology. 1999; 211(1):283-6. 



82 
 

25. Molarius A, Seidell J. Selection of anthropometric indicators for classification of abdominal 

fatness—a critical review. Int J Obes. 1998; 22(8):719-27. 

 

26. Foucan L, Hanley J, Deloumeaux J, Suissa S. Body mass index (BMI) and waist circumference 

(WC) as screening tools for cardiovascular risk factors in Guadeloupean women. Journal of Clinical 

Epidemiology. 2002; 55(10):990-6. 

 

27. Koh-Banerjee P, Wang Y, Hu FB, Spiegelman D, Willett WC, Rimm EB. Changes in body weight 

and body fat distribution as risk factors for clinical diabetes in US men. American Journal of 

Epidemiology. 2004; 159(12):1150-9. 

 

28. Olinto M, Nacul L, Gigante D, Costa J, Menezes A, Macedo S. Waist circumference as a 

determinant of hypertension and diabetes in Brazilian women: a population-based study. Pub 

Health Nutr. 2004; 7(5):629-35. 

 

29. Ministry of Health (Swaziland). WHO STEPS Non-communicable Disease Risk Factor 

Surveillance Report. Mbabane: Ministry of Health; 2014. 

 

30. Arellano-Ruiz P, García-Hermoso A, Solera-Martínez M. Predictive ability of waist circumference 

and waist-to-height ratio for cardiometabolic risk screening among Spanish children. Nutrients. 

2020; 12(2):415. 

 

31. Gbadamosi MA, Tlou B. Modifiable risk factors associated with non-communicable diseases 

among adult outpatients in Manzini, Swaziland: a cross-sectional study. BMC Public Health. 2020; 

20:1-12. 

 

32. Gbadamosi MA, Tlou B. Prevalence of abnormal glucose metabolism among adults attending an 

outpatient department at a tertiary referral hospital in Swaziland: a cross-sectional study. BMC 

Public Health. 2020; 20(1):1-12. 

 

33. World, Health, Organization. Waist circumference and waist-hip ratio: report of a WHO expert 

consultation, Geneva, 8-11 December 2008.  Geneva: World Health Organization; 2011. 

 

34. Msyamboza KP, Ngwira B, Dzowela T, Mvula C, Kathyola D, Harries AD, et al. The burden of 

selected chronic non-communicable diseases and their risk factors in Malawi: nationwide STEPS 

survey. PLoS One. 2011; 6(5):e20316. 

 

35. Kirunda BE, Fadnes LT, Wamani H, Van den Broeck J, Tylleskär T. Population-based survey of 

overweight and obesity and the associated factors in peri-urban and rural Eastern Uganda. BMC 

Public Health. 2015; 15(1):1168. 

 

36. Christensen DL, Friis H, Mwaniki D, Kilonzo B, Tetens I, Boit M, et al. Prevalence of glucose 

intolerance and associated risk factors in rural and urban populations of different ethnic groups in 

Kenya. Diabetes Res Clin Pract. 2009; 84(3):303-10. 



83 
 

37. Amoah AG. Sociodemographic variations in obesity among Ghanaian adults. Public Health Nutr. 

2003; 6(8):751-7. 

 

38. Kamadjeu RM, Edwards R, Atanga JS, Kiawi EC, Unwin N, Mbanya J-C. Anthropometry 

measures and prevalence of obesity in the urban adult population of Cameroon: an update from the 

Cameroon Burden of Diabetes Baseline Survey. BMC Public Health. 2006;6(1):228. 

 

39. Mc Conalogue D, Nxumalo B, Busawa-la F, Sharp A, Walley J. Implementation of a non-

communicable disease (NCD) screening programme in a rural African HIV clinic. HIV/AIDS Res 

Treat Open J. 2017; 4(1):32-9. 

 

40. Dalton M, Cameron AJ, Zimmet PZ, Shaw JE, Jolley D, Dunstan DW, et al. Waist circumference, 

waist–hip ratio and body mass index and their correlation with cardiovascular disease risk factors 

in Australian adults. J Intern Med. 2003; 254(6):555-63. 

 

41. Owolabi EO, Ter Goon D, Adeniyi OV. Central obesity and normal-weight central obesity among 

adults attending healthcare facilities in Buffalo City Metropolitan Municipality, South Africa: a 

cross-sectional study. J Health, Popul Nutr. 2017; 36(1):54. 

 

42. Olatunbosun ST, Kaufman JS, Bella AF. Central obesity in Africans: anthropometric assessment 

of abdominal adiposity and its predictors in urban Nigerians. J Nat Med Assoc. 2018; 110(5):519-

27. 

 

43. World Health Organization. Noncommunicable diseases country profiles 2018. Geneva: World 

Health Organization; 2018. 

 

44. Letamo G. The prevalence of, and factors associated with, overweight and obesity in Botswana. J 

Biosoc Science. 2011; 43(1):75-84. 

 

45. Republic of Botswana. Botswana STEPS survey report on noncommunicable disease risk factors 

2015. Gaborone: Ministry of Health & World Health Organization; 2016. 

 

46. Keetile M, Navaneetham K, Letamo G, Bainame K, Rakgoasi SD, Gabaitiri L, et al. Socioeconomic 

and behavioural determinants of overweight/obesity among adults in Botswana: a cross-sectional 

study. BMJ Open. 2019;  9(12). 

 

47. Mayega RW, Makumbi F, Rutebemberwa E, Peterson S, Östenson C-G, Tomson G, et al. 

Modifiable socio-behavioural factors associated with overweight and hypertension among persons 

aged 35 to 60 years in eastern Uganda. PLoS One. 2012; 7(10):e47632. 

 

48. Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, Commerford P, et al. Obesity and the 

risk of myocardial infarction in 27 000 participants from 52 countries: a case-control study. The 

Lancet. 2005; 366(9497):1640-9. 

 



84 
 

49. Mekonnen T, Animaw W, Seyum Y. Overweight/obesity among adults in North-Western Ethiopia: 

a community-based cross sectional study. Arch Public Health. 2018; 76(1). 

 

50. Kanter R, Caballero B. Global gender disparities in obesity: a review. Advances in Nutrition. 2012; 

3(4):491-8. 

 

51. Holdsworth M, Gartner A, Landais E, Maire B, Delpeuch F. Perceptions of healthy and desirable 

body size in urban Senegalese women. Int J Obes. 2004; 28(12):1561-8. 

 

52. Pikhart H, Bobak M, Malyutina S, Pajak A, Kubínová R, Marmot M, et al. Obesity and education 

in three countries of the Central and Eastern Europe: the HAPIEE Study. Cent Eur J Public Health. 

2007;15(4). 

 

53. Alaba O, Chola L. Socioeconomic inequalities in adult obesity prevalence in South Africa: a 

decomposition analysis. Int J Environ Res Public Health. 2014; 11(3):3387-406. 

 

54. Anyanwu GE, Ekezie J, Danborno B, Ugochukwu AI. Impact of education on obesity and blood 

pressure in developing countries: a study on the Ibos of Nigeria. N Am J Med Sci. 2010; 2(7):320. 

 

55. Escalona A, Sarfo M, Kudua L. Obesity and systemic hypertension in Accra communities. Ghana 

Med J. 2004; 38(4):145-8. 

 

56. Marinou K, Tousoulis D, Antonopoulos AS, Stefanadi E, Stefanadis C. Obesity and cardiovascular 

disease: from pathophysiology to risk stratification. Int J Cardiol. 2010;v138(1):3-8. 

 

57. Mazengo M, Simell O, Lukmanji Z, Shirima R, Karvetti R-L. Food consumption in rural and urban 

Tanzania. Acta Tropica. 1997; 68(3):313-26. 

 

58. Ziraba AK, Fotso JC, Ochako R. Overweight and obesity in urban Africa: a problem of the rich or 

the poor? BMC Public Health. 2009; 9(1):465. 

 

59. Bennett G, Wolin K, Duncan D. Social determinants of obesity. Obesity epidemiology: methods 

and applications. In: Hu FB. editor. Oxford, UK : Oxford University Press; 2008. 

 

60. Hu L, Huang X, You C, Li J, Hong K, Li P, et al. Prevalence of overweight, obesity, abdominal 

obesity and obesity-related risk factors in southern China. PloS One. 2017; 12(9):e0183934. 

 

61. Fezeu L, Minkoulou E, Balkau B, Kengne A-P, Awah P, Unwin N, et al. Association between 

socioeconomic status and adiposity in urban Cameroon. Int J Epidemiol. 2006; 35(1):105-11. 

 

62. Cawley J. An economy of scales: a selective review of obesity's economic causes, consequences, 

and solutions. J Health Econ. 2015; 43:244-68. 

 



85 
 

63. Vilela AAF, Sichieri R, Pereira RA, Cunha DB, Rodrigues PRM, Gonçalves-Silva RMV, et al. 

Dietary patterns associated with anthropometric indicators of abdominal fat in adults. Cad Saude 

Publica. 2014; 30:502-10. 

 

64. Bertoia ML, Mukamal KJ, Cahill LE, Hou T, Ludwig DS, Mozaffarian D, et al. Changes in intake 

of fruits and vegetables and weight change in United States men and women followed for up to 24 

years: analysis from three prospective cohort studies. PLoS Med. 2015; 12(9):e1001878. 

 

65. Abris P, Provido S, Hong S, Yu S, Lee C, Lee J. Association between dietary diversity and obesity 

in the Filipino Women’s Diet and Health Study (FiLWHEL): a cross-sectional study. PloS One. 

2018; 13(11). 

 

66. Whybrow S, Harrison CL, Mayer C, Stubbs RJ. Effects of added fruits and vegetables on dietary 

intakes and body weight in Scottish adults. Br J Nutr. 2006; 95(3):496-503. 

 

67. daSilva DCG, Pereiraa KA, Segheto W, Ferreira FG, Segheto KJ, Longo GZ. Association of eating 

patterns and abdominal adiposity in Brazilian. Revista de Nutrição. 2017; 30(6):783-93. 

 

68. Shayo GA, Mugusi FM. Prevalence of obesity and associated risk factors among adults in 

Kinondoni municipal district, Dar es Salaam Tanzania. BMC Public Health. 2011; 11(1):365. 

 

69. Finelli C, Gallipoli P, Celentano E, Cacace G, Saldalamacchia G, De Caprio C, et al. Assessment 

of physical activity in an outpatient obesity clinic in southern Italy: results from a standardized 

questionnaire. Nutrition, Metabolism and Cardiovascular Diseases. 2006; 16(3):168-73. 

 

70. Bendsen NT, Christensen R, Bartels EM, Kok FJ, Sierksma A, Raben A, et al. Is beer consumption 

related to measures of abdominal and general obesity? A systematic review and meta-analysis. Nutr 

Rev. 2013; 71(2):67-87. 

 

71. Hee-Ju K, Ik-Rae C, Hyo-Joo P, Tae-Young K. Effects of alcohol consumption frequency on health 

index in Korean women. Iran J Public Health. 2016; 45(8):997. 

 

72. Kaufman A, Augustson EM, Patrick H. Unraveling the relationship between smoking and weight: 

the role of sedentary behavior. J Obes. 2012; 2012. 

 

73. Tan M, Brown LJ, Mathews KI, Whatnall MC, Hutchesson MJ, MacDonald‐Wicks LK, et al. Rural 

versus urban women: an examination of anthropometry and body composition. Aust J Rural Health. 

2019; 27(1):70-7. 

 

74. Dobson A, Byles J, Dolja X, Fitzgerald D, Hockey R, Loxton DJ, et al. Rural, remote, and regional 

differences in women’s health: findings from the Australian Longitudinal Study on Women’s 

Health. Newcastle, Aus.: Women's Health Australia, University of Newcastle; 2011. 

 

 



86 
 

Comparative Analysis of Anthropometric Indices of Obesity as Predictors of 

T2DM/Prediabetes and Hypertension in Swazi Adults: A Cross-Sectional Study 

 

 

Mojeed Akorede Gbadamosi¹*, Boikhutso Tlou¹ 

 

 

 

Author affiliations: 

¹Discipline of Public Health Medicine, School of Nursing and Public Health, University of KwaZulu-Natal, 

Durban, South Africa 

 

*Corresponding author: 

Mojeed Akorede Gbadamosi 

Discipline of Public Health Medicine, School of Nursing and Public Health, University of KwaZulu-Natal, 

Durban, South Africa 

Mobile Phone: +268 76422264 

Email address: 217081323@stu.ukzn.ac.za 

 

 

 

 

 

 

 

 

 



87 
 

Abstract  

Background: Obesity is a well-established risk factor for type 2 diabetes, hypertension and other 

cardiometabolic disorders. However, it is unclear which of the several obesity measures is the best to predict 

type 2 diabetes/prediabetes and hypertension risks. This study aimed to compare the predictive ability of 

BMI, WC, and WHR in identifying type 2 diabetes/prediabetes and hypertension risk and determine their 

optimal cut-off levels. 

Methods: Adult outpatients aged 18 years and older were enrolled into a cross-sectional study in Manzini, 

Swaziland. Participants were screened for type 2 diabetes and hypertension. Anthropometric indices of 

weight, height, and waist and hip circumferences were collected to determine body mass index, waist 

circumference and waist-to-hip ratio according to a standard protocol. Receiver operating characteristic 

(ROC) analysis was used to compare the three anthropometric indices' predictive ability and estimate their 

optimal cut-off values for high fasting plasma glucose and raised systolic blood pressure. 

Results: Among men with diabetes or prediabetes, WC yielded the highest area under the ROC curve (AUC) 

(0.708) than either WHR (AUC=0.663) or BMI (AUC=0.646). Among women with diabetes or prediabetes, 

WC yielded a slightly higher AUC (0.582) than BMI (AUC=0.570) or WHR (AUC=0.563). WHR and WC 

yielded a higher AUC (0.774 vs 0.704) among men with a raised SBP than BMI (AUC=0.628). Among 

women with raised SBP, the performance of WC (AUC=0.774) was better than that of BMI (AUC=0.736) 

or WHR (AUC=0.679). The optimum cut-off values of all three anthropometric indices to discriminate 

diabetes/prediabetes risk estimated for males and females in this study were BMI (23.35 vs 25.45 kg/ m²), 

WC (81.50 vs 79.0 cm) and WHR (0.85 vs 0.82). The optimal cut-off points for all three indices to 

discriminate the hypertension risk in men and women were 22.8 and 28.95 kg/ m² for BMI, 78.50 and 89.5 

cm for WC, and 0.86 for WHR. 

Conclusions: Overall, WC yielded the best predictive ability in comparison to WHR or BMI for 

discriminating diabetes/prediabetes and hypertension risk in this study. Therefore, we recommend using 

WC in addition to BMI for identifying T2DM/prediabetes and hypertension risk in the clinical settings in 

Swaziland and SSA. 

Keywords: Adults, Hypertension, Obesity, Swaziland, T2DM, Waist circumference. 
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Background 

Obesity is the significant independent predictor of type 2 diabetes (T2DM) (1, 2) and hypertension (HTN) 

(3). Obesity and its associated conditions reduce the quality of life and result in premature mortality (4). In 

a pooled analysis of 97 studies, Flegal et al. (5) found that obesity was associated with higher all-cause 

mortality. Globally, 1.9 billion and over 600 million adults were overweight and obese, respectively, in 

2014 (6). The increasing global epidemic of overweight and obesity appears to be catching up with sub-

Saharan African (SSA) (1, 7), as in SSA the prevalence of obesity and overweight has increased at an 

alarming rate (8), with Southern Africa being the most affected (4). In Southern Africa, the greatest burden 

of obesity and overweight occurs in Swaziland, particularly among women (9). A recent analysis of the 

Demographic and Health Survey from 32 SSA countries revealed that Swaziland has the highest prevalence 

of overweight (27.7%) and obesity (23%) (9). Furthermore, the Stepwise Approach to Surveillance (STEPS) 

Survey conducted in Swaziland reported that 23.4% (59.9% women; 26% men) and 20.5% (49.9% women; 

20.8% men) of the respondents were overweight and obese, respectively (10). 

The increasing burden of obesity and associated T2DM, hypertension, other cardiovascular diseases, and 

cancers in SSA is thought to result from lifestyle changes, demographics, and nutrition (11-13). Clinical 

trials have demonstrated the beneficial impact of weight reduction for individuals who have an increased 

risk of T2DM (14-15) and can help patients with high blood pressure (BP) (16). Consequently, an accurate 

definition of overweight and obesity is clinically important to address this public health concern. Early 

detection of overweight and obesity will prevent prediabetes and T2DM, hypertension, and other chronic 

conditions.  

Measures for tracking obesity are either direct or surrogate (17), but the latter are currently being used 

globally due to their simplicity and practicality (18). For instance, direct measures such as magnetic 

resonance imaging (MRI) and computed tomography (CT) are the gold standards for detecting abdominal 

obesity (18). However, their clinical suitability in this regard has been queried since they are harmful, costly 

and time-consuming (18). As a result, surrogate measures of general obesity such as BMI, and central 

obesity such as waist circumference and waist-to-hip ratio, which are simple, cost-effective and less harmful 

are preferred (17, 18). However, it is still unclear which of these surrogate measures of overweight and 

obesity best reflect an increased risk of type 2 diabetes/prediabetes or hypertension among non-Caucasians 

(19), such as sub-Saharan Africans. Although BMI is currently being used worldwide for tackling 

overweight and obesity, measures of central obesity such as waist circumference have shown a greater 

ability to detect T2DM, hypertension, and cardiovascular disease (CVD) risk (20, 21). 
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Furthermore, BMI does not differentiate muscle from the fat mass (22) and cannot distinguish between 

peripheral fat and abdominal fat (23), when abdominal fat has been recognised as being the most clinically 

relevant type of fat in humans (17). Among the measures of abdominal obesity, waist circumference has 

been identified to have a superior predictive ability in detecting T2DM and hypertension risk (24). However, 

cut-off values for obesity indices in predicting T2DM, hypertension, and CVD risk are known to be 

population-specific (17, 19). Consequently, the ability of these obesity measures to predict type 2 

diabetes/prediabetes and hypertension risk in people from SSA, and Swaziland in particular, may differ 

from that in other ethnic groups. Therefore, the present study was conducted to compare the predictive 

ability of BMI, WC, and WHR in identifying type 2 diabetes/prediabetes and hypertension risk and to 

determine their optimal cut-off levels. 

Methods  

A detailed description of the examination procedures, the participants’ characteristics, and the description 

of the behavioural variables has been provided elsewhere (25, 26). Briefly, 385 patients attending the OPD 

for reasons other than diabetes or hypertension at the Raleigh Fitkin Memorial Hospital in Manzini, 

Swaziland, were included in this cross-sectional study. All patients who visited the OPD during the data 

collection period were included. Patients were included in the sample if they resided in the Manzini region; 

were 18 years of age and above; had fasted for 8 hours before the screening, and willingly consented to 

participate in the study. However, patients with active infection or using corticosteroids; who were pregnant; 

who had a temperature greater than 101.4 °F (38.6 °C); were taking antibiotics or anti-malaria medications 

or who were unwilling to participate were excluded. A representative sample of the medical and surgical 

outpatient population was surveyed. 

Blood glucose 

After observing a minimum of 8 hours’ overnight fast, capillary blood was taken from a finger prick and 

analysed for fasting plasma glucose (FPG) concentration using On Call® EZ II, ACON Laboratory, Inc., 

USA) according to the manufacturer's instructions. Type 2 diabetes, impaired fasting glucose (IFG) and 

impaired glucose tolerance (IGT) were defined according to the 2003 WHO guidelines (27). Type 2 

diabetes mellitus was defined as a fasting blood sugar (FBS) of > 7.0 mmol/l (27).  

Blood pressure 

Trained research assistants measured the blood pressure of the participants according to the American Heart 

Association (AHA) guidelines (28). The measurements were repeated after a minimum of 15 minutes, and 

mean values were recorded as the blood pressure. Hypertension was defined as a systolic blood pressure 
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(SBP) ≥ 140 mmHg and a diastolic blood pressure (DBP) ≥ 90 mmHg, or currently on antihypertensive 

medication (29). 

Anthropometric measurements 

Bodyweight (to the nearest 0.1 kg) was measured with participants in light clothing and barefoot, using a 

digital scale (FORA Digital Multi-function Diamond Scale). Height (to the nearest 0.1 cm) was measured 

with a stadiometer (SECA, Germany) while participants were barefoot. Body mass index (BMI) was 

calculated as the weight in kg divided by the height in m². Waist circumference (WC) (to the nearest 0.1 

cm) was measured using a measuring tape, midpoint between the last palpable rib and the suprailiac crest, 

while participants were standing and breathing normally. Hip circumference (HC) was measured at the 

widest point around the greater trochanter. The waist and hip circumferences were measured with the tape 

parallel to the floor, and the waist-to-hip ratio (WHR) was defined as the ratio of WC to the hip (WC 

(cm)/HC (cm).  

Definition of general and central obesity 

General obesity was defined as a BMI≥30 kg/m², while obesity stages I, II and III were defined as BMIs 

of 30-34.9, 35-39.9, and ≥ 40 kg/ m², respectively according to the WHO’s definitions (30). Underweight 

and overweight were defined as a BMI < 18.5 and a BMI of 24.5 –  29.9, respectively (30). Waist 

circumference was defined as normal, overweight, and obese for men (< 94, 94–102 and ≥ 103 cm) and 

women (≤ 80, 80–88, and ≥ 89 cm), respectively. A raised WHR was defined as a WHR of >1.0 for men 

and >0.85 for women. 

Statistical methods 

Statistical analyses were conducted using SPSS version 26. A Chi-square test was applied to examine the 

association between the independent demographic and biometric variables and T2DM/prediabetes as well 

as hypertension. Besides subjects with T2DM/prediabetes and those with a normal glucose metabolism 

level, raised SBP and normal SBP were compared according to the anthropometric measurements including 

weight, height, hip circumference, BMI, WC, WHR using univariate ANOVA. Receiver operating 

characteristic (ROC) analysis was used to compare which of the measures of general (BMI) and central 

adiposity (WC and WHR) had the best predictive ability for identifying T2DM/prediabetes and 

hypertension risk. The area under the ROC curve (AUC) and (with 95% CI) was used to estimate the 

optimal cut-off value for each of the anthropometric indices. Diagnostic performance and the optimal cut-

off value were determined using the Youden index that minimises 1 – (sensitivity + specificity) or 
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equivalently maximises the sum of sensitivity and specificity in the ROC space. A two-sided p-value < 0.05 

was considered statistically significant in all analyses. 

Results 

Characteristics of the study population 

Tables 1 and 2 show the general characteristics of the study population. The mean age (standard deviation) 

of the study participants was 37.77 (15.66) years; 36.47 (15.63) years for men and 39.14 (15.61) years for 

women, respectively. A total of 197 (51.2%) men and 188 (48.8%) women participated in the study. The 

overall crude prevalence of T2DM/prediabetes and hypertension was 13.8% and 13.0%, respectively. There 

was a significant gender difference in the prevalence of T2DM/prediabetes (p=0.035), but the difference 

was not statistically significant in the case of hypertension (p>0.05). Moreover, a significant age differential 

was observed in the prevalence of T2DM/prediabetes and hypertension. The highest prevalence of 

T2DM/prediabetes (32.3%) was seen in the 55 – 64 years age group, while the lowest (8.8%) occurred in 

the youngest group (p = 0.002). The prevalence of hypertension, however, peaked in the 65 years and older 

age group (p< 0.0001) (Table 1). There was a significant difference between participants with elevated 

glucose levels who possessed secondary or higher levels of education and those with normal glucose levels 

(p=0.025), and a similar association was seen in hypertensive compared with normotensive subjects 

(p<0.0001). Compared to participants who possessed a formal education, illiterates were more likely to 

develop T2DM/prediabetes or hypertension. General obesity (BMI) was significantly associated with 

T2DM/prediabetes (p=0.017) and hypertension (p<0.0001), but no significant association was observed 

between central obesity (WC and WHR) and T2DM/prediabetes (p>0.05) (Table 1). In both genders, the 

mean of the three anthropometric indices (BMI, WC, WHR) was higher in subjects with elevated glucose 

levels than in subjects with normal glucose levels (p<0.05 in all cases), and in subjects with a raised SBP 

compared to normotensive subjects (p<0.0001 in all cases). The mean values of all of the anthropometric 

indices (BMI, WC, WHR) were significantly higher in men with T2DM/prediabetes compared to men with 

normal glucose levels (p<0.05), but the association did not reach the level of statistical significance in 

women (p>0.05). Nevertheless, the mean of all three anthropometric indices yielded higher values in men 

and women with a raised SBP compared to their normotensive counterparts (p<0.05) (Table 2). 
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Table 1. Characteristics of the study population 

Characteristics 

Glucose Status   Hypertension Status 

NGM AGM p-value   Normal  Hypertensive p-value 

N 332 (86.2) 53 (13.8)   335 (87.0) 50 (13.0)  

Sex   0.035*    0.277 

     Men 177 (89.8) 20 (10.2)   175 (88.8) 22 (11.2)  

     Women 155 (82.4) 33 (17.6)   160 (85.1) 28 (14.9)  

Age group (years)  0.002*    <0.0001* 

     15 – 24 83 (91.2) 8 (8.8)   90 (99.9) 1 (1.1)  

     25 – 34 98 (90.7) 10 (9.3)   101 (93.5) 7 (6.5)  

     35 -44  76 (90.5) 8 (9.5)   73 (86.9) 11 (13.1)  

     45 – 54 29 (72.5) 11 (27.5)   32 (80.0) 8 (20.0)  

     55 – 64 21 (67.7) 10 (32.3)   23 (74.2) 8 (25.8)  

     65+ 25 (80.6) 6 (19.4)   16 (51.6) 15 (48.4)  

Education   0.027*    <0.0001* 

    No formal education 19 (73.1) 7 (26.9)   17 (65.4) 9 (34.6)  

    Primary  78 (81.2) 18 (18.8)   78 (81.2) 18 (18.8)  

    Secondary or higher 235 (89.4) 28 (10.6)   240 (91.3) 23 (8.7)  

BMI   0.017*    <0.0001* 

    Underweight 20 (95.2) 1 (4.8)   19 (90.5) 2 (9.5)  

    Normal 170 (91.4) 16 (8.6)   172 (92.5) 14 (7.5)  

    Overweight 80 (78.4) 9 (18.8)   89 (87.3) 13 (12.7)  

    Obesity Stage I 39 (81.2 9 (18.8)   36 (75.0) 12 (25.0)  

    Obesity Stage II 12 (75.0) 4 (25.0)   14 (87.5 2 (25.0)  

    Obesity Stage III 11 (91.7) 1 (8.3)   5 (41.7) 7 (58.3)  

WC   0.865    0.123 

     Normal 189 (85.5) 32 (14.5)   186 (84.2) 35 (15.8)  

     Overweight 52 (88.1) 7 (11.9)   55 (93.2) 4 (6.8)  

     Obese 91 (86.7) 14 (13.3)   94 (89.5) 11 (10.5)  

WHR   0.319    0.269 

     Normal 210 (85.0) 37 (15.0)   211 (85.4) 36 (14.6)  

     Overweight 41 (83.7) 8 (16.3)   46 (93.6) 3 (6.1)  

     Obese 81 (91.0) 8 (9.0)     78 (87.6) 11 (12.4)   

AGM, abnormal glucose metabolism; BMI, body mass index; NGM, normal glucose metabolism; SBP, systolic blood 

pressure; WC, waist circumference; WHR, waist-to-hip ratio. 

* Chi-square test significant at p<0.05 
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Table 2. The mean anthropometric measures according to gender 

Anthropometric measures 

Glucose Status Hypertension Status 

NGM AGM p-value Normal Hypertensive p-value 

Men       

Weight (kg) 67.72±12.52 73.57±13.82 0.052 67.71±12.59 73.08±13.24 0.062 

Height (cm) 171.69±7.19 171.63±8.43 0.972 171.66±7.41 171.86±6.49 0.900 

BMI (kg/m²) 22.97±4.05 25.00±4.433 0.036* 22.97±4.04 24.77±4.05 0.053 

Hip circumference (cm) 94.83±12.23 96.75±9.42 0.497 94.81±11.85 96.68±12.99 0.0001* 

Waist circumference (cm) 80.53±10.64 87.55±9.49 0.005* 80.39±10.42 88.05±10.90 0.001* 

Waist-to-hip ratio 0.85±0.07 0.86±0.08 0.002* 0.85±0.08 0.92±0.08 <0.0001* 

Women       

Weight (kg) 73.50±17.60 73.82±13.85 0.921 71.30±15.10 86.45±21.16 <0.0001* 

Height (cm) 161.81±7.05 159.47±6.06 0.079 161.57±6.86 160.41±7.35 0.413 

BMI (kg/m²) 28.12±6.73 29.02±5.24 0.470 27.33±5.60 33.71±8.42 <0.0001* 

Hip circumference (cm) 105.17±13.41 106.49±15.07 0.617 103.45±12.30 116.54±15.95 <0.0001* 

Waist circumference (cm) 88.83±15.91 93.30±17.81 0.153 87.18±15.01 103.57±16.56 <0.0001* 

Waist-to-hip ratio 0.84±0.10 0.88±.015 0.073 0.84±0.11 0.89±0.11 0.021* 

Total       

Weight (kg) 70.42±15.35 73.73±13.70 0.14 69.43±13.94 80.57±19.15 <0.0001* 

Height (cm) 167.08±8.66 164.06±9.16 0.020* 166.84±8.75 165.45±8.99 <0.0001* 

BMI (kg/m²) 25.37±6.03 27.50±5.25 0.016* 25.05±5.31 29.78±8.21 <0.0001* 

Hip circumference (cm) 99.66±13.78 102.81±14.96 0.123 98.94±12.80 107.80±17.65 <0.0001* 

Waist circumference (cm) 84.41±13.97 91.13±15.36 0.001* 83.63±13.24 96.74±16.21 <0.0001* 

Waist-to-hip ratio 0.85±0.08 0.89±0.13 0.002* 0.85±0.09 0.90±0.10 <0.0001* 

AGM, abnormal glucose metabolism (pre-diabetes and diabetes); NGM, normal glucose metabolism; SBP, systolic blood pressure 
*Significant at p<0.05 
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Predictive ability of BMI, WC and WHR for the detection of elevated blood glucose and hypertension, and their appropriate cut-off values 

Table 3 shows the ability of all the anthropometric indices (BMI, WC, WHR) to discriminate between T2DM/prediabetes and normal glucose levels, 

and between a raised SBP and normotension. For T2DM/prediabetes, WC yielded the strongest predictive potential in both the men (71%) and 

women (58%). The predictive values for all three anthropometric indices were statistically significant in men (p<0.05), but not in women (p>0.05). 

Among the three anthropometric indices, BMI had a weaker predictive power, except for T2DM/prediabetes where WHR had a weaker predictive 

ability in women.  

In men, WHR showed the highest predictive (76%) ability to discriminate subjects with raised SBP from normotensive subjects, while WC (77%) 

yielded the highest in women. Except for BMI, all three anthropometric indices' predictive ability was significant in both genders (p<0.05). The 

predictive ability of BMI and WC was higher in women than men in terms of hypertension risk, while contrarily the WHR had a higher predictive 

ability in men (76%) than in women (70%).  

The ROC curve based on the AUC was used to compare the anthropometric indices' predictive power with the risk of T2DM/prediabetes (Fig. 1) 

and hypertension (Fig. 2). To identify the risk of T2DM/prediabetes, the optimum cut-off value for BMI estimated for males (23.55 kg/ m²) and 

females (24.45 kg/ m²) was approximately the same. The optimum cut-off values estimated for WC (81.50 cm) and WHR (0.85) were higher in 

males than in females (79.0 cm for WC and 0.82 for WHR) (Table 3; Fig. 1).  

To identify the hypertension risk, the optimum cut-off points estimated for BMI (28.95 kg/m² vs 22.80 kg/m²) and WC (89.5 cm vs 78.50 cm) were 

higher in females than in males. For the WHR, the optimum cut-off value (0.86) estimated for males and females was the same (Table 3; Fig. 2). 
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Table 3. Diagnostic accuracy of different anthropometric indices for the detection of prediabetes/diabetes and hypertension and their 

optimal cut‑off values according to gender 

Anthropometric 

indices AUC (95%CI) SE 

Optimal 

cut-off Sensitivity Specificity p-value 

Elevated Blood Glucose 

Men       

BMI 0.646 (0.516 - 0.776) 0.066 23.35 0.600 0.633 0.032* 

WC 0.708 (0.599 - 0.816) 0.055 81.50 0.650 0.627 0.002* 

WHR 0.663 (0.542 - 0.785) 0.062 0.85 0.650 0.486 0.017* 

Women       

BMI 0.570 (0.475 - 0.665) 0.048 25.45 0.758 0.400 0.209 

WC 0.582 (0.478 - 0.687) 0.053 79.00 0.848 0.277 0.139 

WHR 0.563 (0.450 - 0.677) 0.058 0.82 0.606 0.406 0.254 

Raised Systolic Blood Pressure 

Men       

BMI 0.628 (0.506 - 0.750) 0.062 22.80 0.636 0.560 0.051 

WC 0.704 (0.593 - 0.815) 0.057 78.50 0.773 0.503 0.002* 

WHR 0.764 (0.677 - 0.850) 0.044 0.86 0.818 0.606 <0.0001* 

Women       

BMI 0.736 (0.640 - 0.834) 0.049 28.95 0.750 0.669 <0.0001* 

WC 0.774 (0.681 - 0.866) 0.047 89.50 0.821 0.600 <0.0001* 

WHR 0.679 (0.563 - 0.796) 0.059 0.86 0.714 0.613 0.002* 

BMI=body mass index, WC=waist circumference, SE=standard error, WHR=waist-to-hip ratio, AUC=area under the ROC curve,  

ROC=receiver operating characteristic 

*Statistically significant at p< 0.05
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Fig. 1: Receiver operating characteristic curves of different anthropometric measures for the detection of 

abnormal glucose metabolism according to gender (a) men (b) women 

 

Fig. 2: Receiver operating characteristic curves of different anthropometric measures for the detection of 

raised systolic blood pressure according to gender: (a) men (b) women 
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Discussion 

To our knowledge, this is the first study to compare the predictive ability of BMI, WC and WHR as potential 

predictors of T2DM/prediabetes and hypertension risk, and to estimate their gender-specific optimum cut-

off values in Swaziland. This study compared the performance of BMI, WC and WHR as potential 

predictors of T2DM/prediabetes and hypertension risk. Our results show that WC produced the highest 

predictive potential for T2DM/prediabetes risk, particularly among men. Also, WC and WHR performed 

better than BMI in their ability to discriminate subjects with raised SBP from normotensive subjects. Based 

on the ROC curve analysis, BMI values of 23.35 kg/m², a WC of 81.50 and a WHR of 0.85 for men were 

the optimum cut-off values to discriminate an elevated blood glucose level. The optimum cut-off values to 

separate hypertensive men and women from their normotensive counterparts were 22.80 and 28.95 kg/ m² 

(BMI), 78.50 and 89.50 cm (BMI) and 0.86 (WHR). In both genders, the mean values for all three 

anthropometric indices (BMI, WC, and WHR) were significantly higher in subjects with elevated blood 

glucose than those with normal glucose levels and in subjects with elevated SBP compared to normotensive 

subjects. 

The higher mean values of anthropometric indices observed in the present study were consistent with 

previous studies elsewhere (32, 33) and may have been due to the higher level of physical inactivity among 

adult Swazi women (10). These results imply that individuals with high general obesity and central obesity 

values tend to have elevated blood glucose and high blood pressure.  

The waist circumference's superiority over BMI in discriminating T2DM/prediabetes risk seen in the 

present study has been reported in other studies (34-36). In the present study, the ability of WC to predict 

T2DM/prediabetes risk was greater than that of BMI and WHR in both men and women, consistent with 

other studies. Haregu et al. (17) studied urban slum adults in Kenya and found WC to be superior to BMI 

in predicting hyperglycaemia. A study in Ghana reported that WC and WHR were better obesity measures 

for discriminating T2DM than BMI (38). In Ethiopia, Wai et al. (39) found WC as the best predictor of 

CVD risk compared to BMI and other adiposity measures. However, in a pooled analysis of 32 prospective 

studies, Vazquez et al. (38) did not find a significant difference in WC and BMI's ability to predict T2DM. 

The researchers recommend further studies to understand the usefulness of the central obesity indices (WC 

and WHR) over BMI. Similarly, WC's superiority (compared to BMI and WHR) for predicting 

hypertension risk in the present study was consistent with findings in previous reports (17, 37, 38). Studies 

conducted in Kenya (17) and Ethiopia (37) found WC as a superior anthropometric obesity index to identify 

the hypertension risk.  
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In the present study, the anthropometric indices of central obesity (WC and WHR) performed better than 

BMI, a measure of general obesity. Waist circumference yielded a higher ROC curve than either WHR or 

BMI and had a greater predictive ability for T2DM/prediabetes. Measures of central obesity (WC and 

WHR) were more sensitive but less specific than BMI to discriminate elevated blood glucose levels in men, 

whereas waist circumference was more sensitive than either BMI or WHR in women. With respect to 

hypertension, WC and WHR were more sensitive than BMI. These findings supported evidence from a 

longitudinal study where waist circumference yielded the highest ROC curve and had the greatest ability to 

identify diabetes risk (35). In a study of Chinese adults (39), WC showed a stronger association with CVD 

risk factors such as T2DM than BMI, and similar findings were reported in Thailand (40), Iran (41), and 

Mexico (42). Higher energy consumption is connected to stored fat in the central part of the body (43), and 

excessive fat accumulation is linked to ectopic fat deposition in the liver, pancreas, and skeletal muscle, 

according to growing data. This ectopic fat build-up can raise the risk of diabetes, dyslipidaemia, metabolic 

syndrome, CVDs, and other cardiometabolic disorders (44, 45). 

There is almost a unanimous agreement on the association of central obesity measures with diabetes in both 

sexes in the literature. The lack of a significant AUC value for WC in discriminating prediabetes/diabetes 

observed among women in the present study, at variance with the findings from other studies, was not 

expected, and was possibly due to variations in population distinctiveness and cultural dynamics. Hips, 

thighs, and legs contain most of the body’s skeletal muscles, which are the main target for insulin and thus 

the main site of insulin resistance (46,47). Swazi women are known to have larger hips, thighs and legs 

compared to Caucasians (48). 

One of the challenges of using a surrogate measure of obesity is the variation in the cut-off point. The 

debates on the optimal cut-point are ongoing, and it has been established that the cut-off values for the 

anthropometric indices of obesity in predicting T2DM, hypertension, and CVD are population-specific (17, 

19). In the present study, the optimum cut-off values for all three anthropometric indices (WC, WHR, and 

BMI) for identifying T2DM/prediabetes risk were all lower than the standardised values (according to the 

WHO) (31), except for the BMI for women which was like the standardised value. In contrast, the optimum 

cut-off values for all three anthropometric indices estimated to predict hypertension risk were higher than 

the standardised values for women but lower than the standardised values in men, except for WHR. These 

findings agreed with previous reports (38, 49-51) which found lower cut-off values for men and women 

than the standardised values. Like the findings from the present study, Frank et al. (36), Bouguran et al. 

(50) and Crowther et al. (52) found the optimum cut-off values to be higher in women compared with men. 

The estimation of optimal cut-off values for anthropometric indices is still a scarcely investigated area in 
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SSA, so further studies are required in SSA to determine the optimal cut-off values for predicting future 

T2DM and hypertension.  

Women were more overweight and obese than men in the present study. Overweight in women can have a 

significant impact on their reproductive health, particularly pregnancy and childbirth. For instance, obese 

women are at an increased risk of gestational diabetes and preeclampsia, and are more likely to deliver via 

caesarean operation (53). There is, therefore, a need for cost-effective strategies to prevent overweight and 

obesity in women and at-risk individuals, and for these strategies to be effective, a multi-disciplinary and 

multi-sectorial approach must be adopted. 

In the present study, waist circumference yielded a superior predictive ability to discriminate 

T2DM/prediabetes (in men only) and hypertension risk. The superiority observed in the predictive ability 

of WC compared to BMI or WHR was expected since organisations like the National Institute of Health 

have advocated for the use of WC in clinical practice (54). Furthermore, studies (55, 56) have identified 

increased visceral tissue as the most clinically relevant body fat associated with T2DM and hypertension. 

Therefore, measuring WC in addition to measuring BMI may improve the ability of healthcare providers 

to identify T2DM and hypertension risk accurately. The waist circumference is easy to determine in busy 

healthcare settings and should be included in the management of cardiometabolic diseases. 

Strengths and limitations of the study 

The cross-sectional nature of this study may limit the causal interpretation of the findings, so future 

prospective studies are needed to understand the direction of the causality observed in this study. 

Furthermore, investigations are warranted to evaluate the usefulness of country-specific cut-off values for 

obesity indices to identify T2DM/prediabetes and hypertension risk in SSA. However, our study had some 

merit, as the use of trained clinicians in the measurement of biochemical and anthropometric measurements 

minimised bias.  

Conclusions  

Waist circumference emerged as the anthropometric index with the highest predictive value to identify 

T2DM/prediabetes and hypertension risk among adult outpatients in this clinical setting. The optimum WC 

cut-off values of 81.5 cm (in men only) but 78.5 vs 89.50, respectively for men and women predicted 

T2DM/prediabetes and hypertension risk better than WHR and BMI, and discriminated subjects with 

elevated glucose from non-diabetic (in men only), as well as subjects with a high SBP from normotensive 

subjects in both sexes. These findings emphasised the need to adopt WC in addition to BMI as an 

appropriate obesity measurement for the identification of T2DM and hypertension risk. 
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CHAPTER FIVE 

SYNTHESIS/DISCUSSION 

5. Introduction 

This section of the thesis discusses the findings of all of the chapters in an integrated fashion to highlight 

the contribution of this dissertation to the existing body of knowledge and the implications of this work, to 

provide some recommendations, and to highlight future related research questions that still need to be 

addressed. 
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5.1 Thesis Overview 

The aim of this study was to assess the prevalence and risk factors associated with type 2 diabetes mellitus 

among adults attending the OPD at a Tertiary Hospital in Manzini, Swaziland. The research presented in 

this thesis fulfilled the study objectives in examining the issue of T2DM among adult outpatients in Manzini, 

Swaziland. Following a review of the relevant literature, background information, and a brief overview of 

the general methodology (Chapter One), the prevalence of T2DM was assessed (Chapter Two). Thereafter, 

the risk factors associated with T2DM, pre-diabetes, hypertension (Chapter Three) and obesity and 

overweight (Chapter Four) were identified. Next, the anthropometric predictor and optimum cut off values 

were assessed. 

5.2 Synthesis 

This thesis combined data from four separate but interrelated papers. In this section, the main findings from 

the four manuscripts are summarised. These results are compared with other research findings and their 

importance is evaluated. Also, the limitations of this study and the implications of these findings for policy 

and practice are presented. 

5.2.1 Prevalence of type 2 diabetes mellitus, hypertension, and obesity among adult outpatients 

at a Manzini Tertiary Hospital, Swaziland 

Key findings: 

• High burden of type 2 diabetes mellitus, hypertension, and obesity. 

• Increasing prevalence of type 2 diabetes, hypertension, and obesity with advancing age. 

• Significant gender disparity in the prevalence of type 2 diabetes, hypertension, and obesity. 

• An alarming rate of newly detected type 2 diabetes cases. 

5.2.1.1 Prevalence of abnormal glucose metabolism, T2DM and pre-diabetes 

In general, the findings of this study revealed a high prevalence of AGM among patients aged 18 years and 

above in this public health facility (Papers I, II, III). Hyperglycaemia (AGM) was observed in 13.8% of the 

adult outpatients, consistent with a previous report in Swaziland (1) and elsewhere in SSA (2). The 

estimated prevalence of T2DM (7.3%) in the present study was higher than the 5.0% reported previously 

in this hospital among HIV-infected patients (3), but lower than the 14% estimated in the STEPS survey 

(1). This discrepancy may have been due to a lower cut-off value used in the STEPS survey and the use of 

different diagnostic criteria by Rabkin et al. (3); glycated haemoglobin is known to underestimate the blood 

glucose measurement in HIV-infected individuals (4). In Africa, the prevalence of T2DM among adults 20 

– 79 years old ranged from 2.1% - 7.1% in 2019 (5). Like studies in other African countries, the prevalence 
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of pre-diabetes, a risk factor for T2DM, was 6.5% in the present study (Paper I). There was no comparative 

figure from previous studies in Swaziland because the prevalence of pre-diabetes was not assessed in the 

studies. Nevertheless, this finding was consistent with previous reports elsewhere in SSA (6-9). The 

estimated pre-diabetes prevalence in the present study was within the 2 – 16% estimated for SSA in an IDF 

report (10). 

5.2.1.2 Prevalence of hypertension among adult outpatients in a Manzini Tertiary Hospital, 

Swaziland 

The prevalence of hypertension was higher according to the ACC/AHA criteria (48.3%) (Paper II) than the 

WHO criteria (13%) (Paper III) currently used in Swaziland and in many other countries in SSA. Based on 

the ACC/AHA criteria, an estimated 29.4% and 18.9% of the participants were diagnosed with stage one 

and two hypertension, respectively (Papers I & II). The estimated hypertension prevalence (based on WHO 

criteria) was higher than previous estimates in this health facility, but lower than previous estimates in 

Swaziland (1). Based on the ACC/AHA criteria, the estimated prevalence of hypertension in the present 

study was higher than previously reported in Swaziland (1, 3). Few studies have used the ACC/AHA criteria 

to diagnose hypertension in SSA. Nevertheless, the benefit of this new guideline was echoed in an 

observational study (11) conducted in the USA and China. The major benefit of the new ACC/AHA 

guidelines is in the lowering of major cardiovascular events. 

5.2.1.3 Prevalence of overweight and obesity among adult outpatients in a Manzini Hospital, 

Swaziland 

In general, central obesity was more prevalent than general obesity among the Swazi population. The 

overall prevalence of central obesity by waist circumference (27.6%) was higher than the prevalence by 

waist-to-hip ratio (23.1%). In contrast, the prevalence of overweight by BMI (26.5%) was higher than the 

rate according to either WC (15.3%) or WHR (12.7%). Previous reports in Swaziland (1, 12) focused on 

general obesity (BMI) only, but the present study confirmed the epidemic nature of overweight and obesity 

in Swaziland. The prevalence of general obesity found in the present study was consistent with a previous 

report in Swaziland (1) but higher than that reported in Uganda (13, 14). The overall prevalence of 

overweight was consistent with findings elsewhere in SSA (15). Similarly, a low prevalence of underweight 

observed in the present study was consistent with a previous report in Swaziland (1) and elsewhere in SSA 

(13, 16). 
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5.2.1.4 Increasing prevalence of chronic diseases with advancing age 

The increasing prevalence of T2DM, pre-diabetes (Paper I), hypertension (Paper II) and obesity and 

overweight (Paper IV) with advancing age observed in the present study was consistent with previous 

reports in SSA (6,17-20). A plausible explanation for the association between increasing age and the 

prevalence of NCD may be due to the lower levels of physical activity associated with advancing age. Also, 

the mean glucose concentration peaked within the age group 45-64 years old. This suggests the effect of 

ageing on T2DM in this setting; the age at onset of T2DM may shift to younger age groups as the T2DM 

epidemic matures (21). 

5.2.1.5 High rate of newly diagnosed T2DM 

The high rate of screen detected T2DM cases in the present study (Paper I) was consistent with previous 

findings in SSA (18, 22). This finding implies that current screening services are unable to detect many 

people with type 2 diabetes in its early stages. A study conducted at the national referral hospital in Uganda 

found that most of the T2DM patients presented with classical symptoms of T2DM, indicating that 

diagnosis occurred late (23).  

5.2.1.6 Significant gender disparity in the prevalence of chronic diseases 

In this clinical setting, pre-diabetes and hypertension appeared to be common among men but T2DM and 

obesity were more predominant in women. This observation was the same as previous evidence in SSA 

(24). Studies in SSA reported a higher prevalence of pre-diabetes (8, 20, 25-27) in men compared to women. 

The most plausible explanation is the higher prevalence of smoking among men in the present study. It is 

well known that smoking appears to increase the risk of impaired fasting glucose (IFG) by decreasing 

insulin sensitivity (28). In Kenya, however, Mohammed et al. (6) reported a lower prevalence of pre-

diabetes among men compared to women. This variation between the present study findings and Mohamed 

et al.’s finding could be due to the observed regional variations in the sex differences in the prevalence of 

IFG and IGT in SSA.  

The observed gender differential in the prevalence of hypertension in the present study was consistent with 

previous reports in SSA (6, 28-30). Like the present study, studies in SSA (29, 30) reported a higher 

prevalence of hypertension among men than women. However, some studies (17, 31, 32) found a higher 

prevalence of hypertension among women than men in SSA. Insulin resistance and insulin action may have 

played a role in the observed gender differential in hypertension prevalence in the present study. Insulin 

resistance is a key risk factor for the development of hypertension and is associated with other markers of 

CVD, including impaired endothelial function, and increased vascular reactivity. Prediabetes was more 
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common among men than women in the present study, and it was not surprising that men were more 

affected by hypertension, possibly due to insulin resistance. 

Like the present study, previous reports from Swaziland and studies in SSA have reported a higher 

prevalence of T2DM (33-35) and obesity (1, 13, 36-39) among women than men. Contrarily, Bahadeka et 

al. (8) reported a higher prevalence of T2DM among men compared to women. Also, Adebayo et al. (40) 

reported a higher proportion of overweight/obesity in men than women. The sex differences in the 

prevalence of T2DM in the present study may have been due to the higher prevalence of central obesity 

among women than men. Central obesity is a stronger predictor of T2DM than general obesity (41). 

Similarly, a possible explanation for the high prevalence of obesity among women in the present study 

could be the higher prevalence of physical inactivity and a sedentary lifestyle, lower consumption of the 

recommended daily intake of fruit and vegetables, and higher consumption of salty processed foods in 

women compared to men. The next section discusses the influence of globalisation and socioeconomic 

status on the rising prevalence of T2DM, hypertension and obesity. 

5.2.2 Globalisation/socioeconomic status and chronic diseases 

Key findings: 

• Influence of lifestyle factors on the prevalence of chronic diseases. 

• Modifiable and non-modifiable risk factors associated with chronic diseases. 

• The dynamic nature of the influence of socioeconomic status on the development of chronic 

diseases. 

5.2.2.1 The influence of lifestyle factors on chronic diseases 

The relatively high burden of NCDs found in the present study confirmed the NCD epidemic in SSA (53). 

The high burden of chronic NCDs (T2DM, hypertension and obesity) observed in the present study was 

consistent with previous reports elsewhere (53, 54). This high burden of chronic diseases is thought to be 

propelled by demographic, nutritional and lifestyle factors, driven mainly by urbanisation, industrialisation 

and globalisation (55). The traditional African diets (majorly based on legumes, whole grains and traditional 

vegetables) have been replaced with western diets. These foods are rich in fats and oils, sweetened 

beverages and low fibre (56).  

The influence of westernisation manifested in the present study, considering the level of tobacco use, 

alcohol consumption, consumption of sweet beverages, and consumption of salty processed foods by the 

subjects. Findings suggested that tobacco use was common among the sample, with current smokers 
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accounting for 18.2% of the total sample, the majority of whom were males (Paper II). Furthermore, the 

prevalence of previous smoking history was unacceptably high (31.2%) among the studied participants 

(Paper II). This was far higher than the prevalence of 6%, 9% and 2.9% reported in the STEPs survey (1), 

by Rabkin et al. (3) and Masona (57), respectively. It is suspected that the patients may have been provided 

with the health benefits of quitting smoking. Of note is the potential influence of the Tobacco Product 

Control Act 2013 introduced in Swaziland. Various components of the legislation, including adequate 

health education, control of advertising, sale, and packaging of tobacco products may play a part in the 

smoking history observed. Expectedly, tobacco smoking was more prevalent among men compared to 

women, consistent with other observations in Swaziland (1) and elsewhere in SSA (58). In the present study 

smoking was an independent determinant of pre-diabetes, consistent with previous reports from SSA and 

elsewhere (59, 60). Individuals in the present study with a previous or current smoking history were eight 

times more likely to develop prediabetes, compared to non-smokers. Studies have reported a positive 

association between smoking and insulin resistance (61, 62). 

Moderate or excessive consumption of alcohol was significantly associated with the risk of hypertension in 

the present study. The Stepwise Approach to Surveillance (STEPS) survey (1) in Swaziland identified 

alcohol as a significant risk factor for NCDs, including hypertension. Like the present study, Peer et al. (17) 

found an increased risk of hypertension among black Southern Africans with excessive alcohol use. 

Excessive consumption of alcohol is a known risk factor for hypertension, while the moderate use of alcohol 

has a protective effect on hypertension (63). There is thus a need to address the harmful use of alcohol in 

this setting. 

The consumption of sweet drinks, which included sweet coffee, sweet tea, soda, and other sweetened 

beverages, was independently significantly associated with T2DM and pre-diabetes in the present study, 

consistent with previous reports elsewhere (64, 65). In a prospective study of more than 50 000 women, 

Schulze et al. (66) found an 83% increased risk of developing T2DM for those who consumed ≥ 1 sweet 

drink per day compared with those who consumed <1 sweet drink per month. Unlike the present study and 

that of Schulze et al., a study by Malik et al. (67) did not observe a significant association between the 

consumption of sweet drinks and the risk of T2DM. It is suspected that the age differential may have played 

a role since many of the consumers in Malik et al.’s study were young adults. More importantly, the fructose 

component of sugar in sweet drinks is considered a singularly harmful macronutrient and has been 

suggested to lead to obesity, hyperlipidaemia, and insulin resistance; key risk factors for T2DM and CVDs 

(68). 

In the present study the consumption of salty processed foods was a significant determinant of T2DM, pre-

diabetes, and hypertension. Like the present study, evidence elsewhere has shown a positive relationship 
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between the consumption of salty processed food and T2DM (69) and hypertension (70). In the present 

study, individuals who consumed salty processed foods moderately or regularly were seven times more 

likely to develop T2DM or pre-diabetes, and twice as likely to develop hypertension, compared to those 

consumers who did so rarely. A possible explanation for this is that the consumption of processed food, 

high in non-water-soluble fats, contributed to the weight gain observed among the participants (reflected in 

the obesity indices). It is well known that obesity is the most important risk factor for T2DM, pre-diabetes 

and hypertension (71). The influence of the consumption of salty processed foods on the NCD risk is a 

scarcely investigated subject in SSA, therefore more studies are needed to understand the mechanisms 

linking the consumption of salty processed foods to cardio metabolic diseases.  

Salt use and consumption of salty processed foods were significantly associated with the risk of HTN in 

the present study. These findings were consistent with a previous report elsewhere (72). Salt intake has a 

direct relationship with high BP and the prevalence of HTN (73). Furthermore, processed foods are the 

main source of dietary sodium in many countries (74). It is known that a high intake of salt affects left 

ventricular hypertrophy directly and is an independent predictor of renal disease, proteinuria, and stroke 

(75, 76). Therefore, the WHO recommends a daily intake of fewer than five grams of salt to reduce the risk 

of stroke and IHD (77). 

5.2.2.2. Modifiable and non-modifiable risk factors associated with chronic diseases 

In the present study, both modifiable and non-modifiable risk factors were associated with the chronic 

NCDs studied. Modifiable risk factors significantly associated with abnormal glucose metabolism included 

diet, physical activity, smoking, alcohol, overweight and obesity. Consumption of fruits and vegetable were 

independently significantly associated with reduced risk of T2DM, pre-diabetes and hypertension in the 

present study (Paper II), in agreement with previous evidence in SSA. The protective impact of vegetable 

consumption on the risk of T2DM, pre-diabetes, and hypertension observed in the present study was 

expected, and was consistent with reports from Sub-Saharan Africa and elsewhere (78-80). Studies have 

shown that the adequate consumption of fruit and vegetables reduces T2DM (78, 79), hypertension and 

cardiovascular incidences (81) as they are high in fibre and other micronutrients, but low in glycaemic load 

and energy density (78, 79). Surprisingly, the inverse relationship observed between the consumption of 

fruits, and the risk of hypertension did not reach a level of statistical significance — the reason for this 

warrants further investigation. 

Physical inactivity is an independent predictor of T2DM, pre-diabetes and hypertension (82). Surprisingly, 

physical inactivity was not significantly associated with T2DM, pre-diabetes, and raised BP in this study. 

This finding was consistent with findings from Nigeria (58) but differed from a report which found physical 
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inactivity is associated with an increased risk of HTN (83). Nevertheless, the promotion of 

recommendations by the WHO on physical activity for health should be sustained.  

5.2.2.3. Socioeconomic status and the development of chronic diseases 

Four surrogate indicators of wealth were examined as part of this study. These could be described as 

domestic wealth, which included acquired wealth, ownership of agricultural land and livestock, household 

assets, income, education, and occupation. These surrogate measures of wealth had a different influence on 

T2DM, hypertension, and excess adiposity. The results were dynamic, as higher levels of education resulted 

in a higher proportion of obesity, but a lower rate of T2DM. The effects of wealth extended into the 

development of chronic diseases and examination of those relationships was a novel aspect of this study. 

The appearance of wealth could be assumed by external indicators such as excess adiposity (84, 85); 

however, ownership of agricultural land and livestock and household assets appeared to have an association 

with excessive adiposity in this study and could be considered an indicator of tangible wealth, whereas 

obesity could represent pseudo-wealth (55). 

Household wealth and education were the socio-economic variables independently associated with T2DM 

and pre-diabetes, respectively. Respondents from a lower SES household were significantly at risk of 

T2DM, whereas a mid-level SES was significantly associated with a reduced T2DM risk, consistent with 

findings elsewhere (86, 87). However, this finding was contrary to the positive association found among 

outpatients in Ghana (80). Recent epidemiological studies in SSA have observed an increased risk of T2DM 

among individuals from high SES households (89-91). Prospective studies are thus needed in SSA to 

understand the influence of SES on the risk of T2DM, pre-diabetes and hypertension in SSA. In a Kenyan 

study by Mohammed et al. (6), a primary education was inversely associated with pre-diabetes. In the 

present study, participants with a secondary or higher education were at a 31.5% reduced risk of developing 

pre-diabetes. Studies conducted in Europe have shown the beneficial influence of a formal education on the 

risk of diabetes (92, 93). This finding shows the importance of education in reversing pre-diabetes to prevent 

its progression into full T2DM. 

Findings from this study indicate that the behavioural risk factors for NCDs are potentially modifiable. 

Nevertheless, the behavioural risk factors are influenced by social stratification in the society. Individuals 

from a high SES can afford the more expensive, highly refined, and energy-dense western foods (25, 43) 

but have little opportunities for physical activities (6). The consumption of energy-dense foods, 

accompanied by decreasing physical activity has been linked to the rising prevalence of overweight and 

obesity in SSA (55, 56). Several anthropometric measurements are used to identify individuals at risk of 

obesity, however it remains unclear which of the anthropometric indices is the best to identify individuals 
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at risk of T2DM and hypertension. The next section compares the predictive ability of the three commonly 

used anthropometric indices to identify T2DM and hypertension risk, and estimatesd their cut-off values. 

5.2.3 Biometric predictors of health 

Key findings: 

• Waist circumference yielded a superior predictive ability to identify the future risk of type 2 

diabetes and hypertension, compared to BMI and WHR. 

• There was significant gender disparity in the predictive ability of the obesity indices. The predictive 

ability of BMI, WC, and WHR to predict T2DM/pre-diabetes and hypertension was higher in men 

than in women; but (BMI) was higher in women than men for hypertension. 

• Both measures of central obesity (WC and WHR) and general obesity (BMI) were significantly 

associated with T2DM and hypertension. 

5.2.3.1 Association of obesity with T2DM/pre-diabetes and hypertension 

Findings from the present study showed that both measures of central obesity (WC and WHR) and general 

obesity (BMI) were significantly associated with either T2DM or hypertension (Papers II, III, IV). Also, 

both central obesity (WHR) and general obesity (BMI) significantly predicted T2DM and hypertension 

(Paper III) in this Swazi population, indicating the importance of overweight and obesity in the prevention 

and management of T2DM and hypertension. The observed association of obesity, measured by the 

surrogate anthropometric measures, T2DM and hypertension in this Swazi setting has been reported in the 

previous studies. Previous studies (42, 43) have documented the beneficial effect of weight reduction, in 

addition to lifestyle factors, in the prevention and management of T2DM and hypertension. It has been 

suggested (44) that the rising rate of obesity in a population is a precursor of the escalating incidence of 

chronic diseases, notably T2DM and hypertension. The findings of the present study affirmed the positive, 

independent association between obesity and T2DM and hypertension (Papers I-IV). 

5.2.3.2. Predictive ability of anthropometric measurements 

The superiority of waist circumference (WC) over BMI in predicting T2DM in the present study (P III) has 

been reported in other studies (45-47). Like the present study, previous studies in SSA (48, 49) have 

reported the superiority of WC over BMI or WHR in identifying future risk of hypertension. In the present 

study, the ability of waist circumference to predict T2DM and pre-diabetes was greater than that of BMI 

and WHR in both men and women, consistent with other studies. Haragu et al. (48), in their study of urban 

slum adults in Kenya, found WC to be superior to BMI in predicting hyperglycaemia. A study in Ghana 
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reported that WC and WHR were better obesity measures for discriminating T2DM compared to BMI (49). 

In Ethiopia, Wai et al. (49) found WC as the best predictor of CVD risk compared to BMI and other 

measures of adiposity. Similarly, the superiority of WC to BMI and WHR in predicting the risk of 

hypertension in the present study was consistent with findings in previous reports. Studies in Kenya (48) 

and Ethiopia (49) found WC as the superior anthropometric obesity index to identify the future risk of 

developing hypertension. However, in a pooled analysis of 32 prospective studies, Vazquez et al. (50) did 

not find a significant difference in the ability of WC and BMI to predict T2DM. The authors concluded that 

future research is necessary to understand the central obesity indices (WC and WHR) over BMI, despite 

the clinical usefulness of central obesity in identifying T2DM. 

5.2.3.3. Significant gender disparity in the predictive ability of obesity indices 

The significant gender disparity observed in the predictive ability of obesity indices in the present study 

(PIII) has been reported previously elsewhere (51). The lower predictive ability of BMI found in men in 

the present study may have been due to the dependency of BMI on height. Men were taller than women in 

the present study, so BMI in men was expected to be more affected by height. The lower predictive ability 

of BMI in men could also relate to their higher muscle mass compared to women. In women, the predictive 

ability of BMI was close to that of waist circumference. Therefore, in women, both measures of central 

obesity (WC and WHR) and even BMI showed similar predictive abilities. 

5.2.3.4. Cut-off values for anthropometric measurements to identify T2DM/pre-diabetes and 

hypertension risk 

In the present study, optimum cut-off values of waist circumference, 81.5 cm vs 79.0 cm and 78.5 cm vs 

89.5 cm in men and women, respectively predicted T2DM and hypertension better than WHR and BMI and 

discriminated diabetic from non-diabetic and high SBP from normal SBP in both sexes (PIII). This is a 

scantily researched topic in SSA, therefore, research based on large prospective data is required in SSA to 

establish ethnic-specific optimum cut-off values for identifying T2DM and hypertension risk. Ethnic-

specific differences in the cut-off values of WC have been reported elsewhere. For instance, optimum cut-

off values of 102 cm vs 88 cm were reported for American men and women (52), and 94 cm (for men) and 

80 cm (for women) were reported as the optimum cut-off values for Europeans, while among Asian men 

and women 90 cm was the optimum cut-off value to identify their cardiometabolic risk. It is important to 

note that differences in cut-off points of obesity have a profound effect on prevalence estimates. The 

comparative analysis of the prevalence estimates for obesity show that the WHO cut-off points 

underestimate general and central obesity among Swazi men, and the ROC curves underestimate the general 

and central obesity (except WC) among women. Using gender-specific cut-offs for WC may offer putative 
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markers for early detection of cardiometabolic risk factors among outpatients; therefore, being a simple and 

easy-to-detect measure, WC should be used in addition to BMI in the clinical management of 

cardiometabolic diseases in this setting. 

5.3 Contributions to the Body of Knowledge 

Comparing the findings from the present study with the literature, the current study: 

• Confirms the negative influence of wealth and behavioural factors on the risk of chronic diseases. 

This was a novel aspect of this study. Overwhelming evidence suggests that household wealth, the 

adoption of western lifestyles (smoking, alcohol use, consumption of salty processed foods, and 

sweetened beverages) are potentially modifiable risk factors for T2DM. Given the limited studies 

from Swaziland, the present study determined the relationship between these modifiable risk factors 

and chronic diseases among adult outpatients in the second-largest hospital in Swaziland. 

• Provides additional evidence on the prevalence of chronic diseases in Swaziland and SSA, which 

are increasing. This study estimated the age-adjusted prevalence of T2DM and pre-diabetes among 

adults attending OPD in the second largest hospital in Swaziland for the first time. 

• Confirms the previous evidence of an alarming rate of newly detected T2DM cases in SSA. 

Evidence suggests that up to 90% of T2DM cases are screen-detected in cross-sectional studies in 

SSA. In the present study, 89.3% of the T2DM cases were identified during the study. These 

participants were previously unaware of their condition.  

• Supports the evidence linking age with an increased prevalence of chronic diseases. The importance 

of age as a non-modifiable risk factor for chronic diseases, consistent with previous reports, was 

highlighted and discussed in chapter two. 

• Supports the evidence linking gender with an increased prevalence of chronic diseases as an 

important non-modifiable risk factor for chronic diseases; discussed in chapter two. 

• Supports previous findings that the use of ethnic- and sex-specific cut-off values in different 

populations are needed for anthropometric indices. The current WHO recommended cut-off values 

for obesity measures are unsuitable for assessing T2DM and hypertension risk in this Swazi 

population. The present study supports the use of country-specific or region-specific cut-off values 

for anthropometric measures to identify individuals at increased risk of T2DM and hypertension in 

SSA. 
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5.4 Strengths and Limitations 

The main strength of this study is the accuracy of the biometric and anthropometric measurements by 

qualified and trained field staff. This may have improved the reliability of the data. Also, using social 

epidemiology, this study examined how globalisation and improved socioeconomic status are associated 

with adiposity, AGM and hypertension. This provides a new lens on the emerging health implications of 

social factors. 

The cross-sectional nature of this study precludes making causal inferences due to the absence of 

temporarity between the outcomes and exposure. Also, the results may be subject to biases, particularly 

selection, and recall bias. The participants in the study were recruited from an OPD at a tertiary hospital 

and hence are not representative of the Swazi population. It is likely that the respondents may not have 

provided accurate information due to recall bias or due to the sensitivity of such information, especially for 

socially undesirable behaviours like smoking, alcohol use, unhealthy diet, and physical inactivity. 

5.5 Implications of the Study Findings 

These findings have many implications on health education and health service delivery. First, the high 

prevalence of T2DM, pre-diabetes and hypertension calls for strengthening of the secondary care of chronic 

diseases, including diagnosis, treatment, and follow-up. The burden of T2DM and CVD in Swaziland is 

likely to increase due to the improvement in the life expectancy and high burden of communicable diseases, 

particularly HIV/AIDS and TB. This is because the majority of the individuals affected by these conditions 

are not aware of their conditions. This potential increase in the burden of chronic diseases is likely to 

overstretch the already overburdened healthcare system. There is a need for capacity strengthening and 

provision of logistics for health facilities to facilitate the diagnosis, treatment and follow-up of patients and 

the at-risk population. The OPDs need to be redesigned to incorporate follow-ups in chronic care services. 

Furthermore, most patients with T2DM in the present study were newly diagnosed with the disease. This 

indicates that the current screening practices in this hospital are not effective. Therefore, it is suggested that 

a routine blood glucose test be incorporated into healthcare services at outpatient departments in the 

hospitals in the country. 

The present study highlights that modifiable risk factors, particularly obesity, socioeconomic and lifestyle 

factors play an important role in the prevalence of chronic diseases in this setting. Previous studies have 

documented the importance of weight reduction and the adoption of healthy lifestyles in tackling the rising 

epidemic of T2DM, hypertension, and obesity. Findings from the present study indicate that weight gain is 

an important risk factor for hyperglycaemia (T2DM and prediabetes) and hypertension. Therefore, 

strategies to control body weight, particularly by concerned individuals, are the most effective way to 
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reduce the risk of NCDs in this setting. As pointed out by Manning (86), the patients and the public may 

not understand the association between overweight or obesity and chronic NCDs, so public health education 

strategies should be employed to create awareness among patients and the public in general. Chronic 

diseases (particularly T2DM, hypertension, and obesity) prevention policies are warranted in this setting, 

in Swaziland, and in SSA as a whole. Specifically, policies targeting modest weight reduction and increased 

physical activities should be implemented, but in order for these policies to be effective, concerted efforts 

will be required by the stakeholders. To this end, public health messages must be formulated and health 

professionals, non-governmental organisations (NGOs) and public health policymakers must collaborate to 

promote behaviour change for healthy lifestyles among the people. 

The present study confirms the previous findings on the superiority of central obesity (measured by waist 

circumference) as a better predictor for T2DM and hypertension compared to general obesity (measured by 

BMI). It is not clear whether obesity is the sentinel event, however, these findings may have 

pathophysiologic implications since the presence of central obesity with hypertension and T2DM in a 

patient suggests the presence of the metabolic syndrome. Therefore, waist circumference, which is easy to 

measure in busy health care settings, must be included (in addition to BMI) in the clinical management of 

cardiometabolic diseases in this setting, in Swaziland, and in SSA as a whole. 

The female gender was associated with obesity in the present study, consistent with previous findings. 

Therefore, measures to improve the socio-economic conditions of women are necessary in Swaziland to 

reduce the inequalities between men and women and to curb the growing burden of chronic diseases in the 

kingdom.  

5.6 Areas for Future Studies 

Future studies are needed to confirm the prevalence of T2DM and hypertension in this setting and in other 

regions in Swaziland. Although there is a controversy regarding the usefulness of glycated haemoglobin 

(HbA1c) in African populations, future studies must compare point of care glycated haemoglobin (HbA1c) 

levels to the standard capillary blood glucose levels to determine the usefulness and cost-effectiveness of 

the latter for screening purposes. Further, future research must use prospective studies to examine the 

anthropometric measures and cut-off points in the Swazi population. 

This study examined the effect of the adoption of a western lifestyle and this was a novel exploration. This 

should be replicated, especially at community level. Future studies must examine caloric intake and caloric 

expenditure objectively; calories consumed should be measured while calories expended should also be 

quantified. 



120 
 

The current study used the ROC curve analysis to examine the strength of the anthropometric measurements 

(BMI, WC, WHR) and their optimum cut-off values. Future studies may consider the use of the Bayesian 

model and clarify which of the two approaches is better for different populations. 

5.7 Conclusions 

The growing burden of T2DM is a concern to public health professionals, patients with diabetes, and 

policymakers worldwide. Findings from the present study indicate the need to consider the three 

components of the global NCD strategy: surveillance, management, and control of NCDs including T2DM, 

hypertension, and obesity. More importantly, the high rate of newly detected T2DM cases shows that the 

current screening practices in this hospital are not effective. Therefore, a routine blood glucose test should 

be incorporated into the screening regimen in the OPD in this hospital and in other clinical settings in 

Swaziland. 

The higher prevalence of T2DM, hypertension and obesity in this setting compared to the previous study is 

concerning. In a resource-limited setting such as Swaziland, these conditions can have devastating effects 

unless urgent measures are taken to address the growing epidemic of T2DM and other chronic diseases in 

Swaziland. Additional studies are required to confirm the prevalence of T2DM and HTN in this hospital as 

well as on other areas in Swaziland. 

Modifiable risk factors played an important role in the rising prevalence of T2DM, HTN, and obesity in the 

present study. Particularly, the influence of westernisation is apparent among this population. The influence 

of globalisation is evident through the availability of energy-dense foods, frequent consumption of 

processed foods, and the high rate of sweet drink consumption among this population, all associated with 

the prevalence of T2DM, hypertension and obesity. Cost-effective and culturally acceptable interventions 

are needed to promote healthy lifestyles among this population and the general Swazi population. Further 

studies are needed to understand the implications of globalisation and culture on the burden of chronic 

diseases in Swaziland and in SSA. 

The present study confirms the previous evidence that obesity is an important risk factor for T2DM and 

hypertension. This shows the importance of obesity in the prevention of T2DM and hypertension. In the 

present study, waist circumference is identified as the best anthropometric measure for identifying the risk 

of T2DM and HTN. Therefore, waist circumference should be used as a screening tool in this setting and 

in other clinical settings in Swaziland and SSA. Also, ethnic- and sex-specific cut-off values of waist 

circumference and body mass index should be considered in setting the diagnostic criteria for obesity. 
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Appendix 1 CONSORT diagram 

 

Figure 2. CONSORT diagram 
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Appendix 2. PCA Plot 
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Figure 3. PCA Plot 
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Appendix 4. Questionnaire 

TYPE 2 DIABETES PREVALENCE AND ITS ASSOCIATED RISK FACTORS AMONG 

ADULTS ATTENDING THE OUTPATIENT DEPARTMENTS IN A MANZINI TERTIARY 

HOSPITAL, SWAZILAND 

Participant Identification Number……………………….  Date…………………… 

SECTION 1: DEMOGRAPHIC INFORMATION 

 (1.) How old are you? ………………………  

 

 (2.) What is your gender?           

 

3. Area of residence  

 

4. Marital status  

 

  

SECTION 2: SOCIOECONOMIC STATUS 

5. What is your highest level of education you completed? 

No formal 

education 

Primary 

school 

Secondary 

school 

High 

school 

College/university 

degree 

Postgraduate 

degree 

1 2 3 4 5 6 

 

6. Which of the following best describe your occupation? 

Student 
Unemployed 

Civil 

servant 

Self-

employed 

Domestic 

worker 

Shop 

attendant 

1 2 3 4 5 6 

 

7. What is the average monthly income for your household (in Emalangeni)? 

< E500 
E500 – E999 E1000 – E1999 E2000 – E2999 E3000 or more Don’t know 

1 2 3 4 5 6 

 

Please respond YES if you own the item and it is in working form. If you own the item but it is broken 

or not working, please respond NO 

Male Female 

1 2 

Rural Urban 

1 2 

Single Married 

Staying with 

partner Widowed Divorced 

1 2 3 4 5 
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Household effects YES NO 

8. Does your household have a radio or transistor?     

9. Does your household have a television?     

10. Does your household have a mobile phone?     

11. Does your household have a non-mobile phone?     

12. Does your household have a refrigerator?     

13. Does your household have a stove?     

14. Does your household have a watch/clock?     

 

Means of transportation 

15. What is the means of transportation used by your household? 

Bicycle 

Motorcycle/ 

scooter 

Animal/drawn 

cart Tractor Car/truck 

1 2 3 4 5 

 

Ownership of agricultural land 

16. Does your household own any agricultural land?  YES   NO  

Ownership of farm animals 

17. Does your household own cattle, cows, bulls, horses, mules, goats, sheep, or chicken?         

YES   NO  

SECTION 3: MEDICAL HISTORY 

18. Have you ever been told by a medical doctor, a nurse, or any healthcare worker that you have any of 

the following health conditions?  YES     NO   

 

Sugar 

diabetes 

High blood 

pressure Stroke 

Heart 

attack 

Kidney 

problem 

1 2 3 4 5 
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SECTION 4: LIFESTYLE BEHAVIOURS 

SMOKING 

19. Do you currently smoke any tobacco products, such as cigarette, cigars, or pipes? 

Never used 

tobacco 

Former tobacco 

user 

Current 

tobacco user 

1 2 3 

 

ALCOHOL USE 

20. Do you drink alcohol?  YES   NO  

21. If yes, how often? 

Rarely (less than 4 

drinks per month) 

1 – 2 drinks      

per week 

3 – 7 drinks per 

week 

8 – 14 drinks 

per week 

15 or more drinks 

per week 

1 2 3 4 5 

 

DIET 

22. How many sweet drinks do you take per week? (sweet coffee, sweet tea, cola, fizzy drinks, etc.) 

Less than 3 

per week 

4 – 10 per 

week 

11 – 15 per 

week 

16 – 20 per 

week 

21 – 25 per 

week 

26 or more drinks per 

week 

1 2 3 4 5 6 

 

23. In a typical week, do you eat 3 or more servings of fruits daily? 

 YES   NO   I don’t eat fruits     

24. In a typical week, do you eat 3 or more servings of vegetables daily? 

 YES   NO   I don’t eat vegetables  

25. How often do you add salt or a salty sauce such as soya sauce to your food right before you eat it or as 

you are eating it? 

Always Sometimes Often Rarely Never I do not know 

1 2 3 4 5 6 
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26. How often do you eat processed food high in salt? (e.g. packaged salty snacks, canned salty food 

including pickles and preserves, salty food prepared at a fast food restaurant) 

Always Sometimes Often Rarely Never I do not know 

1 2 3 4 5 6 

 

 27. What type of oil or fat is most often used for meal preparation in your household? 

Vegetable 

oil Lard or suet 

Butter or 

ghee Margarine Other None 

I do not 

know 

1 2 3 4 5 6 7 

 

PHYSICAL ACTIVITY 

Please answer these questions, even if you consider yourself physically inactive. 

Work 

28. Does your work involve vigorous-intensity activity that causes large increases in breathing or heart 

rate, like carrying or lifting heavy loads, or digging or construction? 

 YES    NO  

29. In a typical week, on how many days do you do vigorous-intensity* activities as part of your 

work? ……………………………………………..Day (s) 

*‘vigorous-intensity activities' are activities that require hard physical effort and cause large increases 

in breathing or heart rate. 

30. How many hours do you spend doing vigorous-intensity activities at work in a typical 

week?  ……………………………………………………Hour (s) 

31. Does your work involve moderate-intensity* activity, that causes small increases in breathing or heart 

rate, such as brisk walking (or carrying light loads) for at least 10 minutes? 

*'moderate-intensity activities' are activities that require moderate physical effort and cause small 

increases in breathing or heart rate. 

 YES    NO  

32. In a typical week, on how many days do you do moderate-intensity activities as part of your 

work?……………………………………………..Day (s) 

33. How many hours do you spend doing moderate-intensity activities at work in a typical 

week? ……………………………………………………Hour (s) 
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Travel 

The next set of questions concern the usual way in which you travel to and from places. For example 

to work, for shopping, to market, and to your place of worship. 

34. Do you walk or use a bicycle (pedal cycle) for at least 10 minutes continuously to get to and from 

places? YES    NO  

35. In a typical week, on how many days do you walk or use a bicycle for at least 10 minutes 

continuously to get to and from places? …………………………………….Day (s) 

36. How many hours do you spend walking or bicycling for travel in a typical day? 

………………………………………………………….Hour (s) 

Recreational Activities 

37. Do you do any vigorous-intensity sports, fitness or recreational (leisure) activities that cause large 

increases in breathing or heart rate, like running or football, for at least 10 minutes continuously?   

YES    NO  

38. In a typical week, on how many days do you do vigorous-intensity sports, fitness or recreational 

(leisure) activities?......................................................Day (s) 

39. How many hours do you spend doing vigorous-intensity sports, fitness, or recreational activities on a 

typical day?..........................................Hour (s) 

40. Do you do any moderate-intensity sports, fitness or recreational (leisure) activities that cause a small 

increase in breathing or heart rate, such as brisk walking, cycling, swimming, and volleyball for at least 10 

minutes continuously? 

 YES    NO  

41. In a typical week, on how many days do you do moderate-intensity sports, fitness or recreational 

(leisure) activities?.......................................................Day (s) 

42. How many hours do you spend doing moderate-intensity sports, fitness or recreational (leisure) 

activities in a typical day?...................................Hour (s) 

Sedentary behaviour 

43. How much time do you usually spend sitting or reclining on a typical day? 

……………………………………………………Hour (s) / Minute (s) 

Thank you for participating in this survey 

 

 




