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Chapter One 

Introduction and Literature Review  

 

1.1 Introduction 

A longstanding assumption has been that chronic and non-communicable diseases 

(NCDs) exist primarily in developed countries while communicable diseases (CDs) exist 

primarily in developing countries. In recent times, this assumption has proven incorrect 

as some developing countries have a large portion of their population facing a serious 

risk of chronic diseases due to the adoption of first world culture and  lifestyle. As chronic 

and non-communicable diseases are often less visible, progress slowly, and are 

underdiagnosed, the reflected impact on the global burden is not overtly obvious (1).  

 

Diseases of the western culture centre around personal lifestyle decisions with three 

main drivers being overnutrition, lack of physical activity and substance (tobacco and 

alcohol) abuse, which together or singly lead to obesity, Type 2 diabetes mellitus (DM) 

and hypertension (2). For decades medical research has focused on coronary artery 

disease (CAD), DM, hypertension and obesity as individual diseases. However, as 

urbanisation increases and the world becomes more industrialised, it is apparent that 

these conditions, together with physical inactivity have become more widespread, 

accounting for the major burden of disease in many westernized countries (2). 

Furthermore, the contribution of insulin resistance which may be induced directly by 

obesity may result in altered functions of insulin target cells (3). This target cells secrete 

pro-inflammatory mediates which heralds the beginning of the inflammatory milieu, 

translating into an increase in the prevalence of cardiovascular (CV) risk factors. When 

CV risk factors cluster together, the Metabolic Syndrome(MS) manifests, characterised 

by anthropometric as well as biochemical abnormalities (4). Diagnosis and treatment is 

complicated as the components vary, based on definition and ethnicity (5). The 

prevalence of MS in African countries is becoming unreasonably common; this is 

especially clear where the prevalence and patterns of diseases vary because of inherent 

cultural differences(4), (6). 
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Recent data indicate that the burden of disease in developing countries are  on par with 

the western world (1), with the main determinants being obesity and insulin resistance, 

which is thought to be driven by physical inactivity (7). Coupled with a high susceptibility 

for the development of CV risk factors, it is anticipated that the prevalence of MS would 

be of epidemic proportions, placing tremendous additional burden on an already poorly 

resourced healthcare system (8).  

 

1.2 Literature Review 

1.2.1 The changing epidemiology of Cardiovascular Disease  

 

To date, cardiovascular disease (CVD) remains one of the leading causes of morbidity 

and mortality worldwide, particularly in the developed world. In 2008, 57 million deaths 

were reported globally, with CVD accounting for 17.3million (30%) deaths per year, and 

myocardial infarcts and strokes responsible for 7.3 million deaths and 6.2 million deaths, 

respectively (9). There are now several reports which have emerged that show that CVD 

and its association with NCDs are major contributors to the burden of disease in 

developing countries (10). 

 

 

The incidence of lifestyle related diseases has  increased rapidly resulting in chronic 

NCDs having a major economic impact on individuals, families, the health system and 

society at large (10). As fewer people seek treatment, this has led to an increase in the 

morbidity and mortality rates from potentially preventable diseases (11). Non-

communicable diseases accounted for 36 million (63%) of deaths globally in 2008 (9), 

affecting people in their productive years with a resultant decrease in productivity and 

earning capacity (10). Treatment of chronic diseases adds additional strain to an already 

overburdened health system because of the further costs and additional resources 

required (10). The burden is not just consequent upon adults, but also on the younger 

generation due to the effects of urbanisation (6).  
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1.2.2 The effects of urbanisation on risk profiles 

 

Epidemiologic transitions are associated with the development of NCDs related to 

lifestyle, and are often characterised by a shift in communicable diseases and nutritional 

deficiencies to chronic diseases. Countries within Sub-Saharan Africa have  

experienced one of the most rapid epidemiological transitions driven by increased 

urbanisation and changed lifestyle factors, which in turn have also raised the incidence 

of NCDs, especially CVD (11). These transitions have created enormous public health 

challenges, and failure to address these problems may impose significant burden for 

the health sector and the economy of Sub-Saharan African countries. Urbanisation and 

economic development have also led to the emergence of a nutritional transition 

characterised by a shift to a higher caloric content diet and/or reduction of physical 

activity. Body habitus has played a vital role in tracking changes of lifestyle and the 

implications towards developing chronic diseases. However, as the epidemic intensifies, 

the need to modify anthropometric measures for more accurate assessments is 

essential to better manage lifestyle disease, particularly cohorts of different ethnic origin 

(12). 

 

 

In South Africa, chronic diseases of lifestyle together with undernutrition and socio-

economic conditions account for 28.5% mortality rate for all South Africans between the 

ages of 35 and 65 years (13). South Africa is in the unique situation of having an 

estimated 56% of its population living in an urban environment (10).  As a result of the 

rapid increase in urbanisation, there has been a shift in the health patterns which 

contribute to the prevalence of NCDs (2). Many of the previously disadvantaged 

communities are undergoing rapid epidemiological, nutritional and demographic 

transitions. Astonishingly, more than 56% of all South Africans between the ages of 15 

years and 65 years have been shown to have at least one risk factor for chronic 

diseases of lifestyle which is directly related to the demographic transition and changing 

lifestyle patterns associated with urbanisation (2). By 2020, it is anticipated that the 

burden of disease will increase by 120% of women and 137% for men for mortality by 

CV risk factors (11).  However within South Africa itself, ethnicity plays a role in the 
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predisposition for the development of CV risk factors due to unhealthy lifestyle 

behaviour. 

 

1.2.3 Ethnicity  

 

In addition to degrees of urbanisation, social and economic conditions and nutrition 

transitions, ethnic and cultural subgroups also contribute significantly to the diversity 

within countries (14). For instance, the phenotype of obesity in several ethnic groups in 

developing countries appears to be different from that seen in Caucasians in developed 

countries. To illustrate, Raji et. al. (15) studied Asian Indians and Caucasians in which 

each individual was perfectly matched to another individual of the opposite group in 

terms of age, gender and body mass index (BMI). The results showed that Asian Indians 

had a significantly elevated fasting insulin and slightly higher fasting glucose than the 

Caucasian group. Although there were no significant differences in waist circumference 

(WC) measurements between the two groups, Asian Indians had a significantly greater 

total abdominal fat and visceral fat content (15). The research demonstrated that despite 

being healthy and of normal weight, Asian Indians were insulin resistant when compared 

to the Caucasian group. They also had lower high density lipoprotein (HDL) cholesterol 

and higher triglyceride and low density lipoprotein (LDL) levels. Although the BMI in both 

groups were average, the higher insulin resistance amongst Indians suggests that their 

adipose distribution was more visceral than general (15). 

 

This was further substantiated by several other investigators, who also showed that 

body fat is higher in Asians, particularly south Asians, when compared with Caucasians 

for a similar level of BMI. Nishida et. al (2004), established that Asian Indians had higher 

deposits of visceral fat, which is associated with metabolic abnormalities (14), as 

compared with subcutaneous fat. Almost one fourth to one third of the urban population 

of India has been shown to have this body composition, manifesting with metabolic 

abnormalities and contributing to the development of cardiovascular disease (14).The 

International Day for Evaluation of Abdominal Obesity (IDEA) study showed that the 

highest prevalence of abdominal obesity (as assessed by waist circumference) was in 

South Asians compared with North Europeans and other Asian ethnic groups. Of note, 
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30.9% of men and 32.8% of women in the industrial population in India were reported 

to have abdominal obesity (16). 

 

The prevalence of abdominal obesity has also shown to be on the increase in 

developing countries (16). Steyn and Bradshaw (2001) who conducted a surveillance 

of NCDs within South Africa found that 16% of adult women and 13% of adult men were 

hypertensive and there was an increased prevalence of obesity among women (29%) 

as compared to men (9%). Smoking and alcohol consumption were higher with men 

(52% and 45%) compared to women (17% and 17%) respectively (17).  
 
Within the diverse population of South Africa, the incidence of disease differs amongst 

different ethnic groups. According to the technical report from the Medical Research 

Council (2007), respiratory disease was highest in the Coloured group followed by the 

African population. Caucasians were more prone to developing cancers and Africans 

had a high incidence of stroke and end stage renal failure (18). Asian Indians however 

were more prone to the development of CVD, hypertension and diabetes mellitus. This 

is thought to be due to their high genetic predisposition to CVD (15).  

 

Recent data shows that other South African population groups are also showing an 

increased prevalence of CV risk factors (18). Less prudent dietary intake and lifestyle 

habits are believed to be contributory factors to the development of these conditions. In 

addition, occupational physical inactivity is at “its” highest level with most manual labour 

now being operated by machinery and thus the health benefits derived from such labour 

are now not experienced (19). This in turn has translated into the development of 

abnormal body morphometric measurements like increased waist and neck 

circumferences.  
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1.2.4 Anthropometric Measurements as a risk marker 

 

Joubert et. al. (20), stated that underweight and undernutrition previously dominated 

the public health sector. Historically, obesity and excess body weight were regarded as 

“western” problem, but it is now recognised as a leading risk factor for disease in middle-

income countries and in lower-income countries (20). It is now acknowledged that 

excess body weight is associated with an increase in the risk of CV disease and, in the 

last ten years has become a global crisis (20). 

 

Addressing overweight and obesity has dominated health research aimed at preventing 

chronic diseases of lifestyle. This calls for population studies of body habitus before 

strategies to combat lifestyle patterns can be designed. More recent  data  have 

suggested that the current cut-offs for defining overweight and obesity are not suitable 

for Asians since Asians are at risk of developing lifestyle related disease at lower levels 

of measurements as discussed earlier (21). Thus new cut-offs to identify ethnic-specific 

measurements were developed in an attempt at  detecting elevated  body mass index 

and waist circumference as early risk factor markers (21). 

 

1.2.4.1 Anthropometric measures of Obesity  

 

BMI assesses weight relative to height and has been routinely employed in research 

settings for decades to identify individuals and populations at risk of future 

cardiovascular disease and diabetes. An increase in BMI beyond 25kg/m2 is associated 

with an increased risk of hypertension, hypercholesterolemia, and CAD (22). Obesity 

and central body fat influences the risk of DM, CV morbidity and premature death and 

increasing mortality rates are associated with a BMI greater than 30kg/m2 (12), (23). 

However, BMI fails to distinguish between body fat, muscle mass or bone (23) and 

because of this lack of accuracy in the assessment of body fat, there has been a growing 

amount of research to find other measures of fat percentage (24). More recent evidence 

suggests that abdominal (visceral) adiposity is a superior risk factor for cardiovascular 

and metabolic diseases than general (subcutaneous) adiposity (24). Although BMI 
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correlates well with other parameters such as waist and hip circumferences, the use of 

a combination may be better in identifying individuals at risk of CVD (21). It was further 

suggested that BMI and waist circumference should be used together with equal 

importance for the screening of cardiovascular and metabolic risk (21).  

 

 

The current World Health Organisation (WHO) weight criteria based on BMI (table 1.1) 

was developed using the Caucasian population and may not apply to all ethnic groups. 

Recent research has shown that Asian Indians are more prone to developing insulin 

resistance and cardiovascular disease at lower levels of BMI. Asian Indians have a 

higher body fat percentage, abdominal adiposity at lower or similar BMI levels as 

compared to Caucasians.  New cut-offs have been proposed by the WHO (table below) 

specific for Asians (21). These new cut-offs have serious implications for the 

predications of obesity and overweight in Asians, resulting in higher prevalences of 

obesity than was previously reported making it necessary for revised epidemiologic data 

in this group.  

 

A more reliable measure of fat content than BMI is the actual distribution of body fat (25) 

which is measured by skin fold thickness at different sites of the body, however it is a 

limitation as only trained personnel can do proper measurements. Other measurements 

of fat distribution have been used to determine patterns of overweight but the simplest 

measure appears to be WC, which has been shown to be an independent risk factor for 

cardiovascular disease, with the cut-off values for high risk being 102 cm and 88 cm in 

men and women, respectively (26). Like the BMI, these WC cut-offs were also 

developed using the Caucasian population. As mentioned earlier, Asians appear to 

have a higher morbidity at lower cut-offs than Caucasians (27). 
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Table 1.1: Waist Circumference and Body Mass Index criteria 

 Waist 
Circumference 

(cm) 

WHO BMI Criteria 
(kg/m2) 

WHO Modified BMI 
Criteria (Asian 

Specific) (kg/m2) 

Normal/ Healthy             M<94 
           F<80 

18.5-24.9 18.0-22.9 

Overweight 
/Increasing risk 

    M 94-102 
 F 80-88 

25.0-29.9 23.0-24.9 

Obese/ High risk           M>102 
          F>88 

        >30         >25 

  Modified from Van Der Merwe; 2004 (27) and Misra; 2009 (21) 

 

1.2.4.2 Measures of subcutaneous fat  

 

People grow and develop central patterns of body fat into the diseases they will suffer 

at a later stage of their lives (28). Excess fatness in most epidemiologic studies has 

been defined on the basis of overweight or obese according to BMI criteria (Table 1.1). 

However, it has often been debated whether BMI represents body fat adequately. 

Therefore it remains an open question as to whether the definition of obesity should be 

based on BMI or other measures of body fat. A better measure of overall body fat 

content is needed to measure peripheral fat mass (28) .  Skin fold thickness, a measure 

of peripheral fat, has been found to correlate with overall body fat percentage. 

 

Neck circumference, another marker for upper-body subcutaneous fat, has recently also 

been used to identify overweight and obesity. Neck circumference is considered as an 

index of upper body obesity and correlates positively with changes in systolic and 

diastolic blood pressure (29). There is evidence that neck circumference might have 

complementary clinical value to other body measurements with published studies 

demonstrating that increased neck circumference surpasses waist circumference as a 

marker of both visceral obesity and insulin resistance (28). There is very little local data 

on measures of body fat distribution in the South African community which is in the 

process of an epidemiological process leading to a change in disease patterns. 
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1.2.5 Evolution in Lifestyle and Behaviour 
 

Several lifestyle-related factors account for the changing patterns which have resulted 

in a rapid increase in the incidence of lifestyle-related diseases (4). These risk patterns 

include changes in diet, smoking habit and physical activity patterns, which together 

with hypertension, diabetes and dyslipidaemia, account for 89.2% of the risk for 

myocardial infarction in South Africans (30). In South Africa, these conditions not only 

contribute to the increase in medical and health care costs but to the loss of productivity 

as well.   

 

Tobacco smoking is responsible for a larger burden of premature morbidity and mortality 

causing 4.8 million adult deaths worldwide (31). In the INTERHEART Study, smoking 

was the risk factor with the highest hazard ratio for myocardial infarction (30). 

Worldwide, it is well established that males are more likely to smoke than females, and 

older males (age 30-49) are more likely to use tobacco products than younger males 

(11). Of interest, smoking prevalence is increasing among men and women in Sub-

Saharan Africa (11). This was demonstrated in a local study of young patients with 

myocardial risk which showed that at least 81% of men presenting with MI were smokers 

(32). In a survey of deaths attributable to tobacco use in South Africa, ischemic heart 

disease comprised an estimated one-third of all vascular deaths, with smoking 

contributing to 20% of vascular deaths (31). 

 

Similarly, the contribution of dietary patterns and alcohol intake to body physical 

characteristics has not been closely examined (33). South African diets are rich in 

unhealthy foods, as illustrated by a national survey among youth, which reported that 

learners frequently consume fast foods (38.8%), cakes and biscuits(47.4%), cool drinks 

and sweets (52.0%) at least four days a week (10). High dietary intakes of saturated fat, 

trans-fats and salt and low intake of fruits, vegetables and fish are linked to 

cardiovascular risk. Approximately 16 million of deaths worldwide are attributable to low 

fruit and vegetable consumption. Adequate consumption of fruit and vegetables reduces 

the risk of CVD. Examining the dietary patterns in the community setting will be 
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extremely useful in determining the predisposition to obesity and dyslipidaemia and how 

it relates to cardiovascular risk (34). 

 

 

Alcohol accounts for nearly 10% of the calorie intake amongst adults who drink (35). To 

what extent alcohol intake contributes to obesity is dependent on individual 

characteristics including body weight, diet, genetic factors, gender and physical activity 

levels as well as frequency, pattern, amount of consumption and types of drinks 

consumed. The consumption of beer has been  positively associated with an increase 

in waist circumference in males but not in females (36). 

 

 

In addition to dietary patterns, low levels of physical activity have been associated with 

obesity, although physical activity only weakly predicts gain in body weight (37). Ekelund 

et.al.(38) conducted a study in ten European countries to determine whether physical 

activity independently predicts gain in body weight and abdominal adiposity. A total of 

48.8% of men and 59.1% of women were categorized as inactive or moderately 

inactively at baseline. There was a clear increase in waist circumference across physical 

activity categories in men and women across age groups (38). This suggested that even 

relatively small changes in physical activity may have beneficial effects on central 

adiposity (37). Fox and Hillsdon stated that even in a case of severe overweight and 

obesity, participating in physical activity substantially reduces disease risk (39). 

Epidemiological studies have demonstrated that moderate-vigorous daily physical 

activity prevents both the incidence of chronic diseases and premature death (40). 

Indeed physical inactivity was cited as 1 of 9 major contributors to heart disease 

mortality worldwide in the 2004 INTERHEART study (41). It is also well documented 

that habitual leisure-time activity prevents elevated blood pressure, insulin resistance, 

glucose intolerance, elevated triglycerides, low levels of HDL and decreases body 

weight, preventing the development of CAD, DM and MS (40). Public health 

recommendations regarding the type and amounts of physical activity needed to 

improve and maintain health benefits among adults have been established in the USA 

(42), but are severely lacking in the South African environment.  
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Epidemiologic investigation into the health effects of a “sedentary lifestyle” has 

customarily focused on the adverse effects associated with a lack of participation in 

recommended levels of exercise, or moderate-vigorous physical activity. Time spent in 

sedentary behaviour has a significant effect on reducing overall physical activity with its 

potential adverse consequences. Time spent in sedentary behaviour reflects a wide 

range of pursuits that involve sitting or reclining and only low levels of energy 

expenditure (43). 

 

 
Omar and Motala (1996) suggested in their research that obesity played a significant 

role in developing DM especially in Indian females (44). Overweight and obesity are the 

driving force behind the global diabetes epidemic and affect the majority of adults in 

most developed countries. Statistics show a rapidly increasing prevalence of obesity in 

developing countries such as India which is directly linked to obesity-related co-

morbidities. Almost 30-65% of adults living in urban India are either overweight, obese 

or have abdominal obesity (21). The IDF reported that diabetes affects at least 285 

million people worldwide with two-thirds of incidences occurring in low-to middle income 

countries (45). In South African Indian diabetics, two-thirds of patients reported a 

positive family history of diabetes which was more common in an obese than in the non-

obese (44). 

 

Obesity and diabetes have a complex and strong association, and are emerging 

pandemics of the 21st century. The risk of developing both diseases increase as BMI 

and waist circumference increases (46). It is important to distinguish that all individuals 

who are obese may not develop diabetes and many individuals who are diabetic, are 

not all obese, and in fact many have a lean body structure (47). The risk for developing 

diabetes is higher with weight gain in early adulthood than it is with weight gain between 

ages of 40 and 55 years (41). This is evident in current studies which show an increase 

in the prevalence of obesity in the young as a consequence of the reduced physical 

activity. Physical activity is the most important determinant of energy expenditure (48). 

Several studies have shown an association between physical activity and the dietary 

intake of adolescents and adults (49). In fact there is also a strong link between physical 
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activity, dietary intake and insulin resistance particularly in the young (50).To maintain 

energy balance: lower levels of physical activity should be accompanied by lower caloric 

intake. Dietary behaviours that have been associated with lower BMI include the 

consumption of fruit and vegetables. 

 

Physical activity can also play an independent role in the prevention of DM separately 

from its effects of weight loss and body composition. Research on exercise and training 

have supported the contention that physical activity improves insulin sensitivity 

independently of any effect of activity on weight loss and fat distribution (49). 

Surprisingly few studies have examined the interaction between physical fitness and 

obesity and their association with DM. Greater adiposity and a sedentary lifestyle are 

independent risk factors for the development of DM. Obese individuals develop 

resistance to the cellular actions of insulin, characterized by an impaired ability of insulin 

to inhibit glucose output from the liver and to promote glucose uptake in fat and muscle 

(51). Changes in the dietary habits with westernization are often accompanied by 

decrease in physical activity with resultant obesity, and the development of insulin 

resistance and diabetes (51), (52). 

  

A recent cross-sectional study of 1514 men and 1528 women without CVD explored the 

relationship between physical activity level, measures of adiposity, insulin sensitivity, as 

well as fasting blood glucose and insulin levels (51). Both physical activity and adiposity 

were found to be independent predictors of insulin sensitivity. A sedentary lifestyle was 

associated with a significantly higher blood glucose and insulin levels as well as lower 

insulin sensitivity. Overweight or obese individuals in the most physically active group 

had fasting glucose levels and insulin sensitivity similar to those of subjects who were 

lean but inactive. 

 

Levels of physical activity have been linked to diabetes. A 2003 survey of 23 283 adults, 

of whom 1825 (7.8%) reported being diagnosed with diabetes, compared the 

prevalence of physical activity in diabetics and non-diabetics (53). Being physically 

active was defined as ≥30 minutes of moderate or vigorous activity, 3 times per week. 

Only 39% of diabetics were physically active compared to 58% of non-diabetics, a 

difference that was statistically significant. Being physically active was associated with 
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a lower prevalence of diabetes at any BMI. However, being overweight (BMI, 25-29.9), 

obese (BMI, 30-39.9), or extremely obese (BMI, ≥40) was associated with an 

increasingly greater prevalence of diabetes regardless of physical activity level (53). 

 

There is also a significant association between obesity and blood pressure; with studies 

showing an increase in blood pressure with an increase in weight over time. Kotchen 

et.al. (2010), showed that obese individuals had a 3.5-fold increased possibility of 

having hypertension and 60% of hypertensive adults were overweight (54), while in the 

Framingham study, approximately 78% of the hypertension cases in men and 65% in 

women could be directly attributed to obesity. A 5% increase in weight was associated 

with 20-30% increase in hypertensive incidence (55, 56). Most studies suggest that 

abdominal obesity is a more important determinant of blood pressure elevation than 

peripheral body fat but peripheral fat also increases the risks for insulin resistance and 

dyslipidemia (54, 56). 

 

 

Research in hypertension is currently investigating a new term “prehypertension”. This 

term is designated to individuals with a systolic blood pressure between 120-139 mmHg 

and a diastolic blood pressure between 80-89 mmHg. The introduction of 

prehypertension was developed as the risk of developing cardiovascular disease 

increases progressively with higher levels of blood pressure that are still within the 

‘normal’ or the ‘normal-high’ range. The prevalence of insulin related abnormalities is 

frequent amongst individuals with prehypertension and this suggests that insulin 

resistance may be common to individuals with prehypertension and play a role in 

developing cardiovascular disease (57). 
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1.2.6  The Metabolic Syndrome 

Clustering of metabolic abnormalities in association with obesity and hypertension has 

long been recognised as the Metabolic Syndrome (54). The prevalence of MS in adults 

is reaching epidemic proportions worldwide (4, 58-60). Over the past two decades, there 

has been a remarkable increase in the number of people with metabolic syndrome. In 

the USA, between one in three or one in five American adults currently have MS 

depending in the definition used. This factor is important because MS carries a two-fold 

increase in coronary disease mortality and 40% increase in all-cause mortality (61). The 

MS is no longer restricted to developed countries as previously thought. The transition 

to Western culture has now exposed developing countries to this epidemic as well. 

 

Okafor (2012) stated that the prevalence of metabolic syndrome in African populations 

ranged from 0-50% depending on the population settings (6). There is limited data on 

the prevalence of MS in South Africa. Slabbert (2011) has shown that one in four South 

Africans may already have MS according to a recent survey (62). Erasmus has reported  

a much higher (55%-60%)  prevalence of metabolic syndrome in the coloured population 

of the Western Cape (63). A much lower prevalence of 20-25% has been reported 

amongst Indian immigrants  (60). Although the exact cause for this is not known, it is 

attributed to the high incidence of abdominal obesity and insulin resistance in this group. 

The established risk factors in Asian Indians which predispose them to develop various 

components of MS include: abdominal obesity, high prevalence of DM, hypertension, 

low concentrations of HDL, hypertriglyceridemia, hypercholesterolemia and sedentary 

lifestyle (64). This may account for the fact that migrant South Asian population have 

demonstrated a three-to-five fold increase in the risk for myocardial infarction and CV 

death when compared to other ethnic groups (14). This high risk for myocardial 

infarction suggest that the risk factor profiles of these communities may have change 

and calls for a  review of the risk factor profile in the South African Indian community. 
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1.3 Rationale  

The risk for CVD is dependent to a large extent on behavioural and psychological 

circumstances. The differences in lifestyle behaviour and attitudes among low income 

communities are poorly understood and the prevalence of physical inactivity, health 

beliefs and knowledge of the risks of inactivity has rarely been assessed across a wide 

range of developed and developing countries (65). Furthermore, it is known that the 

presence of common metabolic disorders is associated with physical inactivity, obesity, 

poor dietary intake and this in turn, are associated with increased in CV risk and MS. 

Considering the widespread prevalence of MS, and its projected rise, it would be 

desirable to predict/detect the metabolic status in subjects without the need for much 

invasive blood sampling. This study therefore aimed to identify markers of MS which 

are easily accessible and inexpensive to adopt in clinical settings. In addition, this study 

also aims to define the CV risk profile, especially the influences of the physical activity 

in determining body habitus. Another objective was to assess whether anthropometric 

measurements and physical activity affect the CV risk factor profile. 
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Chapter Two 

 

2.1 Aim and objectives of the study  

 

The aim of the study is to relate physical activity to the body morphometrics. The specific 

objectives are: 

1. To describe the physical activity, behavioural and dietary patterns of adults in the 

Phoenix community 

2. To describe the body anthropometric measurements (waist , waist/hip, BMI and 

triceps skin fold thickness) of adults in this community 

3. To correlate the physical behaviour patterns with the anthropometric 

measurements   

4. To assess the association between the physical behaviour patterns and the 

anthropometric measurements, and presence of metabolic syndrome as defined 

by NCEP ATP III and IDF criteria. 
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Chapter Three  

Methodology 

 

3.1 Plan of the Phoenix Lifestyle Project  

 

The Phoenix Lifestyle Project entailed selecting residences from the community of 

Phoenix to participate in a study aimed to determine the cardiovascular risk factor profile 

of this Indian community.  Field workers selected participants between age groups 15-

65 according to the Kish Table (Appendix A) and excluded subjects who were bed-

ridden or physically disabled, pregnant/ lactating and unable to give inform consent were 

excluded from the study. Consenting participants were subsequently interviewed using 

the WHO Steps questionnaire, which focused on the overall lifestyle of the participants. 

Appointments were then made for the participants to attend the lifestyle clinic at the 

Inkosi Albert Luthuli Central Hospital. On the day of the appointments, the study bus 

transported participants to the LIFESTYLE CLINIC at the hospital and back home. 

Details of the questionnaire as well as other testing are explained below. 

Echocardiography and 12 lead Electrocardiogram recordings were also performed and 

will be reported elsewhere. 

 

3.2 Detailed Methodology 

 

3.2.1 Study population and Sampling strategy  

In this study, 2500 households were randomly selected from the last population census 

for Phoenix by a statistician using computer software. Phoenix is divided into 25 districts 

with the number of households varying in each district. The 2500 household addresses 

were randomly selected by the statistician and were then allocated a Kish table. A group 

of ten field workers underwent training in the administration of the questionnaire and 
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then visited the selected households where they applied the Kish table to select 

participants. Briefly, participants between age groups 15-65 in each household listed 

according to gender and age, and the one eligible for study was selected according to 

the Kish Table.  

There were 1400 subjects who completed the evaluation. Two hundred and forty-six 

participants completed the Step 1 Questionnaire but did not attend the hospital for the 

measurements and blood sampling. 

 

3.2.2 Administration of the STEPS Questionnaire (Appendix B) 

 

At the initial visit the recruitment was done by trained field workers.  If the selected 

individual agreed to participate in the study then informed consent was sought. 

Thereafter the field worker visited the participant as per appointment and completed 

STEP 1 of the STEPS questionnaire (demographic information and behavioural 

measurements).  For this study, a modified STEPS Instrument for NCD Risk Factors, 

Version 1.3a.Questionnaire (Appendix B) was used (66). The questionnaire was 

modified to include the triceps skin fold measurement. After the questionnaire was 

applied, an appointment was made for the participant to attend the Lifestyle Clinic at the 

Inkosi Albert Luthuli Central Hospital where blood samples were taken and body 

measurements performed (Table 3.1)  
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Table 3.1 Study Plan: The Questionnaire and Investigative Assessment 

DEMOGRAPHICS 
 Sex 

 Age 

TOBACCO USE 
 Smoking in pack years 

 

ALCOHOL CONSUMPTION 

 Average amount of alcohol in a 

single intake 

 Average for a year 

DIET  

 Determine intake of fruit and 

vegetables 

 Fats and oils used to prepare 

meals 

 Salt Intake? 

 Carbonated Drinks? 

 Fast foods and take-away 

PHYSICAL ACTIVITY  

 Determine hours spent at work, 

during travel and performing 

recreational and sedentary 

activities 

FAMILY HISTORY  

 Obesity 

 Hypertension 

 Diabetes 

 Myocardial Infarction 

 Coronary Artery Disease 

 Peripheral Artery Disease 

Congestive Heart Failure 

PHYSICAL MEASUREMENTS 

  Height Measurement 

 Weight Measurement 

 Blood Pressure (3 Readings) 

 Waist Circumference 

 Hip Circumference 

 Neck Circumference 

 Mid-Arm Circumference 

 Triceps Skin Fold Thickness          

(2 Measurements)         

BIOCHEMICAL MEASUREMENTS 

 Fasting and 2hr Glucose 

 Fasting and 2hr Insulin 

 Total Cholesterol 

 Triglycerides 

 High Density Lipoprotein 

 Low Density Lipoprotein 
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3.3 Anthropometry Measurements  

On the appointed day, the participant was transported by the project bus to the Lifestyle 

Centre where physical measurements, testing and blood sampling were performed. The 

following tests were performed: 

Height was measured to the nearest 0.1 cm using a metal measuring tape applied to 

wall and a flat headboard at right angles to the wall to ensure correct reading.  The 

subjects were measured without shoes, heels against the wall and the angle of the eye 

will be level with the external auditory meatus. Weight was determined to the nearest 

0.5kg on a good quality balance scale with the subject in light clothing and without 

shoes. The scale was calibrated at the beginning of the study. Neck circumference was 

measured perpendicular to the major axis of the neck at the height below the laryngeal 

prominence (Adam’s apple) using a non-stretchable tape. Mid-upper-arm circumference 

was measured from the acromion process to the olecranon process and a midway 

circumference was recorded to the nearest 0.1cm. Waist circumference was measured 

with the subjects standing comfortably.  The smallest circumference between the 

xiphisternum and the iliac crest on expiration was taken as the waist circumference. Hip 

circumference was measured on the broadest diameter between the waist and the thigh. 

Care was taken that the tape measure was absolutely horizontal. One centimetre was 

deducted from this measurement to take the thickness of the clothing into account. 

Triceps skinfold thickness was measured on the marking of the mid-arm measurement 

with the arm held freely to the side of the body. Skinfold measurement were performed 

on the right side of the body. 

 

3.4 Blood pressure and heart rate 

Subjects were seated for at least 5 minutes prior to recording the blood pressure. The 

blood pressure was taken on 3 occasions at 1-minute intervals. The lowest diastolic with 

its matching systolic measurement were used for analyses. 

3.5 Biochemistry 

Fasting blood samples for lipids, glucose and insulin estimations were drawn from the 

cubital vein with minimal stasis. Thereafter each participant ingested 75g glucose 
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monohydrate in 250ml water over a 2-minute period or longer (approximate). A further 

blood sample for glucose and insulin estimation was drawn 2 hours later. Blood samples 

were delivered within a maximum of one hour of collection to the Chemical Pathology 

Laboratory at the hospital. 

 

3.6 Metabolic Syndrome Criteria 

In this study we focused on two international definitions of MS: National Cholesterol 

Education Programme Adult Teaching Panel III (NCEP ATP III) and International 

Diabetic Federation (IDF). IDF definition modified their definition regarding the waist 

circumference concluding it to be ethnic specific. 

 

Table 3.2: The Metabolic Syndrome Criteria 

 NCEP ATP III 
(any 3 risk factors) 

IDF 
 (WC + any 2 risk 

factors) 
Central obesity: WC ≥102cm (males)  

≥ 88cm (women) 
≥ 90 cm (males)  
≥ 80 cm (females) 

Dyslipidaemia: TG 1.7mmol/L *1.7mmol/L 

Dyslipidaemia: HDL-C <1.03 mmol/L (male)  
< 1.29 mmol/L (female) 

*<1.03 mmol/L (male)  
*<1.29 mmol/L (female) 

Blood Pressure ≥ 130/85 mmHg *≥ 130/85 mmHg 

Fasting glucose ≥ 6.1 mmol/L *≥5.6 mmol/L 

*For IDF: alternatively subject may be on treatment  
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3.7 Statistics: Data analysis  

Descriptive statistics (means, medians, standard deviation (SD) an interquartile range 

(IQR) were used to describe continuous variables in the entire sample. Frequency 

counts and percentages were used to describe categorical variables. Pearson’s 

correlation analyses were used to correlate continuous physical behaviour variables 

with anthropometric measurements. Mann-Whitney U or Kraskal-Wallis tests were used 

to compare continuous variables between groups, while Pearson’s chi square test was 

used to compare between groups when the variables were categorical. Subjects were 

classified into those with and without metabolic syndrome using both NCEP panel and 

IDF criteria.  Cut-off points for the determination of normality were determined for waist 

and BMI indices in this population and the relationship of physical activity to these 

parameters was determined. Stratified analysis of relationships between physical 

behaviour variables and anthropometric variables were carried out. Receiver operating 

characteristic (ROC) curves were generated to assess the extent of the diagnostic 

properties of certain variables on metabolic syndrome. Unadjusted and adjusted logistic 

regression analysis was performed with metabolic syndrome as the dependant variable 

in order to achieve the last objective. Independent variables included were physical 

behaviour variables, anthropometric variables, and any confounders identified, with the 

aim establishing the independent effects of these variables on metabolic syndrome. All 

data was captured on SPSS (version 16), which was also used for statistical analysis, 

along with SAS (version 9.3). 
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Chapter Four 

Results 

 
4.1  Demographic characteristics of the study sample 
 

Table 4.1: Demographic Data  

 

There were 1154 subjects in this study, 317 males (28 %) and 837 (72 %) females. 

There were over 100 subjects who comprised the first two groups, and thereafter the 

numbers increased to approximately 300 in each group, with females being predominant 

in each group.  

 

Table 4.2: Weight (kg) per age group 

 

The mean body weight was similar in males and females (71.0 ±15.2kg vs. 71.3 ±16.7kg; 

p=0.964). In this cohort, there was a statistically significant 14 kg increase in weight 

Age Group Male    (%) Female (%) Total 
15-24 yrs. 49  (15,5) 66  (7,9) 115  (10,0) 

25-34 yrs. 44  (13,9) 84  (10,0) 128  (11,1) 

35-44 yrs. 67  (21,1) 190  (22,7) 257  (22,3) 

45-54 yrs. 68  (21,5) 283  (33,8) 351  (30,4) 

55-64 yrs. 89  (28,1) 214  (25,6) 303  (26,3) 

Total  317  (100,0)   837  (100,0) 1154  (100,0) 

Age Group Male Female Total P value 
 

Mean SD Mean SD Mean SD  

15-24 yrs. 63.0 15.4 59.7 19.4 61.1 17.8 0.964 
25-34 yrs. 74.5 16.7 75.4 21.3 75.1 19.7 <0.001 
35-44 yrs. 72.4 14.3 73.2 17.4 73.0 16.6 <0.001 
45-54 yrs. 73.4 12.7 72.0 14.3 72.3 14.1 <0.001 
55-64 yrs. 70.8 15.3 70.8 14.3 70.8 14.5 <0.001 
Total 71.0 15.2 71.3 16.7 71.2 16.3 ≥0.092 
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from the first age group (15-24yrs.) onwards (p<0.001). The mean weight appeared to 

stabilise in the older age groups (p≥0.092). 

                             

Table 4.3: BMI Criteria illustrating the WHO and WHO Modified Criteria 

Footnote: *varies due to missing values 

Using the WHO criteria based on Caucasians (21), only 29 % of subjects fell into the 

normal BMI category. The remaining subjects were categorized as either overweight 

(31.9%) or obese (23.9%). Using the modified criteria (which does not have an 

underweight category), the percentage of normal subjects (BMI < 23) fell further to 

18.2%. The Asian-Pacific cut-off resulted in most participants being re-categorized into 

the obese category (68.2%). 

 

Table 4.4: BMI Criteria with Gender 

Footnote: * varies due to missing values 

 
WHO Criteria WHO Modified Criteria 

(Asian-Pacific) 
 Number Percentage Number Percentage 
Underweight 60 5.2% - - 
Normal 333 29.0% 200 18.2% 
Overweight 367 31.8% 150 13.6% 
Obese 390 33.8% 751 68.2% 
*Total 1150 100.0% 1101 100.0% 

  Males Females 
  Number Percentage Number Percentage 
WHO 
Criteria 

Underweight 36 11.5% 24 2.9% 
Normal 132 41.9% 201 24.1% 
Overweight 106 33.7% 261 31.3% 
Obese 41 13.1% 249 41.8% 
*Total 315 100.0% 835 100.0% 

  Number Percentage Number Percentage 
WHO 
Modified 
Criteria 
(Asian 
Pacific) 

Normal 87 30.4% 113 13.9% 
Overweight 54 18.9% 96 11.8% 
Obese 145 50.7% 606 74.4% 
*Total 286 100.0% 815 100.0% 
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The WHO criteria showed that 33.7% of males and 31.3% of females were overweight 

with 13.1% of males and 41.8% of females being obese (Table 4.4). When the Asian-

Pacific cut-offs were applied, the overweight category decreased to 18.9% in males and 

11.8% in females while the obese category increased to 50.7% in males and 74.4% in 

females. 
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4.2  Cardiovascular risk profile of the sample 
 

Table 4.5: Family History of Participants 

 

 

 

 

 

 

 

 

Footnote: DM= Diabetes Mellitus, CAD= Coronary Artery Disease, *varies due to missing values 

  

There was a high prevalence of a positive family history of hypertension (76.6%), 

diabetes mellitus (68.1%) and coronary artery disease (48.3%) in this sample. Of 

interest, 89.9% of participants reported no family history of obesity.  

 

Table 4.6: Fruit and vegetable intake per week per age and gender 

 

  Male (%) Female (%) *Total (%) 

Obesity 
Yes 21 (6.7) 95 (11.4) 116(10.1) 

No 292 (93.3) 738 (88.6) 1030 (89.9) 

Hypertension 
Yes 215 (68.3) 664 (79.7) 879 (76.6) 

No 100 (31.7) 169 (20.3) 269 (23.4) 

DM 
Yes 205 (65.1) 578 (69.3) 783 (68.1) 

No 110 (34.9) 256 (30.7) 366 (31.9) 

CAD 
Yes 131(42.0) 422 (50.7) 553 (48.3) 

No 181 (58.0) 410 (49.3) 591 (51.7) 

Age Group Gender Fruit per week –           
Median (IQR) 

Vegetables per 
week – Median 

(IQR) 
15-24 yrs. Male 2 (0-4) 3 (2-6) 

Female 2 (1-4) 5 (3-6) 
   

25-34 yrs. Male 2 (0-3) 4 (1-8) 
Female 2 (1-4) 6 (3-6) 

   
35-44 yrs. Male 1 (1-4) 4 (2-8) 

Female 2 (1-6) 6 (4-8) 
   

45-54 yrs. Male 2 (1-7) 6 (4-9) 
Female 3 (1-7) 6 (4-8) 

   
55-64 yrs. Male 2 (1-7) 6 (4-8) 

Female 3 (1-7) 6 (4-8) 
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There was a higher intake of vegetables in the older age group with females eating more 

vegetables than males. 

 

Table 4.7: Dietary Habits of participants 

 

Most participants used vegetable oil (97.9%) when preparing meals and 81.4% of 

participants indicated that they never or rarely used additional salt in their meals. Half 

of the participants (51.3%) reported having less than one carbonated drink per day while 

22.3% indicating no carbonated drinks in the last month prior to interview date. The 

majority of participants in this cohort reported eating at least one meal with a high fat 

content per day (67%).  

 

 

 

 

 

Dietary Habits Number Percentage (%) 
Type of Oil Veg Oil 1130 97.9 

Other 24 2.1 
Total 1154 100 

    
Additional Salt 
Intake 

Never/Rarely 938 81.4 
Sometimes 215 18.6 
Total 1153 100 

    
Carbonated Drinks None in <30days 257 22.3 

<1 per day 592 51.3 
1 per day 153 13.3 
2 or more per day 152 12.2 
Total 1154 100 

    
Food high in fat Don’t eat 209 18.1 

<1 per day 773 67.0 
2 per day 149 12.9 
3 or more per day 23 2.1 
Total 1154 100 
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Table 4.8: Salt Intake and Median Blood Pressure for overall  

 

 

 

 

 

 

There was no significant difference observed in males for systolic blood pressure 

(p=0.8772) or diastolic blood pressure (p=0.6795) between the different levels of salt 

intake. A similar trend was observed in females for systolic (p=0.2267) and diastolic 

blood pressure (p=0.7382). 

 

Table 4.8.1: Salt Intake and Median Blood Pressure for participants aged less than 45 
years  

 

 

 

 

 

 

There was no significant difference observed in males for systolic blood pressure 

(p=0.9008) or diastolic blood pressure (p=0.7844) between the different levels of salt 

intake. A similar trend was observed in females for systolic (p=0.8980) and diastolic 

blood pressure (p=0.7921). 

 

 

 

Gender Additional Salt 
Intake 

Median Systolic BP  
(IQR) 

Median Diastolic BP 
(IQR) 

Male  
 
 
 
Female 

Never/Rarely 131   (120-145) 80   (72-89) 
Sometimes 132  (116-145) 82   (69-92) 
Usually 135   (116-152) 83   (72-93) 
   
Never/Rarely 131   (118-146) 81   (74-89) 
Sometimes 123   (114-144) 82   (71-90) 
Usually 133   (120-146) 82   (74-90) 

Gender Additional Salt 
Intake 

Median Systolic BP  
(IQR) 

Median Diastolic BP 
(IQR) 

Male  
 
 

 
Female 

Never/Rarely 125   (117-136) 75   (70-86) 
Sometimes 128  (110-136) 81   (67-90) 
Usually 126   (110-147) 79   (65-98) 
   
Never/Rarely 120   (111-134) 79   (71-87) 
Sometimes 123   (112-133) 76   (71-87) 
Usually 116   (108-138) 76   (67-87) 
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Table 4.8.2: Salt Intake and Median Blood Pressure for participants aged 45 years or   
older  

 

 

 

 

 

 

There was no significant difference observed in males for systolic blood pressure 

(p=0.9182) or diastolic blood pressure (p=0.9901) between the different levels of salt 

intake. A similar trend was observed in females for systolic (p=0.8273) and diastolic 

blood pressure (p=0.5382). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gender  Additional Salt 
Intake 

Median Systolic BP  
(IQR) 

Median Diastolic BP 
(IQR) 

Male  
 
 
 
Female 

Never/Rarely 140   (127-155) 85   (78-91) 
Sometimes 140  (124-149) 83   (74-94) 
Usually 138   (123-160) 86   (75-93) 
   
Never/Rarely 137   (125-153) 82   (76-91) 
Sometimes 142   (117-152) 84   (76-90) 
Usually 139   (129-150) 85   (78-93) 
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4.3. Behavioural and Lifestyle Patterns 

 

Table 4.9: Behavioural Lifestyle 

Footnote: * varies due to missing values 

 

The majority of participants did not smoke (87.9%) or consume alcoholic beverages 

(83.0%). There were significantly more males than females who consumed alcohol and 

smoked tobacco products (p=<0.001). 

 

Table 4.10: Physical and Recreational Activity 

Footnote: Two levels of activity were noted:  Vigorous (V) and Moderate (M) 

 

Physical and recreational activity was measured at two levels: vigorous (V) and 

moderate (M). Only 9.8% of participants engaged in vigorous physical activity with 

39.2% participating at a moderate level. Fewer women (4% vs. 17%) performed 

vigorous recreation activity levels than men (p<0.001).  

  Male     (%) Female   (%) Total    (%) P value 
Smoking Yes 73 23.0 67 8.0 140 12.1 <0.001 

 No 244 77.0 770 92.0 1014 87.9 <0.001 

*Alcohol Yes 147 46.4 48 5.8 195 17.0 <0.001 

 No 170 53.6 785 94.2 955 83.0 <0.001 

  Male    (%) Female (%) Total       (%) P value 

Physical 
Activity V 

Yes 31 10 82 10 113 10 0.993 

No 286 90 755 90 1041 90 

Physical 
Activity M 

Yes 101 32 351 42 452 39 0.002 

No 216 68 486 58 702 61 

Recreation V 
Yes 54 17 33 4.0 87 8.0 <0.001 

No 263 83 804 96 1067 92 

Recreation M 
Yes 44 14 80 10 124 11 0.034 

No 273 86 757 90 1030 89 
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Table 4.11: Physical exercise versus BMI 

Variable Correlation 
coefficient p-value 

Effect estimate 
(Standard 
error) 

p-value 

Hours of moderate exercise per 
week 

-0.0271 0.3586 -0.0842 
(0.0916) 

0.3586 

Hours of vigorous exercise per 
week 

-0.1241 <0.0001 -0.4882 
(0.1151) 

<0.0001 

 
Vigorous exercise was significantly associated with decreased BMI, with BMI being 0.5 

m/kg2 less for every 1 hour of vigorous exercise performed (p<0.0001). Moderate 

weekly exercise was not significantly associated with BMI decline (p=0.3586). 

 

 
Table 4.12: Physical exercise versus Waist circumference 

Variable Correlation 
coefficient p-value 

Effect estimate 
(Standard 
error) 

p-value 

Hours of moderate exercise per 
week 

-0.0294 0.3192 -0.2173 
(0.2181) 

0.3192 

Hours of vigorous exercise per 
week 

-0.1379 <0.0001 -1.2883 
(0.2735) 

<0.0001 

 

Vigorous exercise was significantly associated with decreased waist circumference, 

with waist circumference being 1.3 cm smaller for every 1 hour of vigorous exercise 

performed (p<0.0001). Moderate weekly exercise was not significantly associated with 

BMI decline (p=0.3192). 
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Table 4.13: Body anthropometry per gender 

 

Gender MALES FEMALES  
Median (IQR) Median (IQR) P-values 

BMI 24.72 (21.34 – 27.75) 28.63 (24.62 – 32.96) p<0.000 

Waist Circum. 91.00 (80.70 – 98.60) 96.90 (87.75 – 106.10) p<0.000 

Hip Circum. 95.00 (89.00 – 101.50) 104.50 (96.20 – 114.30) p<0.000 

Waist-to-Hip 
Ratio 0.94 (0.88 – 0.99) 0.93 (0.88 – 0.96) p<0.000 

Neck Circum. 37.00 (35.00 – 39.00) 34.00 (32.00 – 36.00) p<0.000 

Mid-Arm Circum. 31.00 (28.00 – 33.00) 33.00 (30.00 – 36.00) p<0.000 

Triceps Skin Fold 127.00 (92.00 – 172.00) 252.00 (205.50 – 301.00) p<0.000 

 

Although females had a higher BMI, waist circumference and hip circumference 

measurement than males their waist-to-hip ratio was lower (p<0.000). Males had a 

larger neck circumference than females and there was only a 2cm difference in the 

mid-arm circumference measurements (p<0.000). The triceps skin fold thickness 

measurement foe females was double that of the males (p<0.000). 
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Table 4.14 Body anthropometry per age group 

 

Footnote:*all values were p<0.000 for each age group. Age: years, Waist circumference: cm, Hip circumference: cm, Neck circumference: cm and Mid-arm circumferences: 
cm. Triceps skin fold: mm. 

 

In the age group of 15-24 years, the BMI was within the normal  and then increased to the level of obesity in the older age groups 

(p<0.000). There were drastic increases in the waist and hip circumferences from the first age group to the older groups (p<0.000).  

There was a 2cm increase in neck circumference and a 5cm increase in mid-arm circumference from age group 15-24 to the next 

age group of 25-34 thereafter stabilising (p<0.000). 

 

 

Age 
Group 

*BMI 
Median (IQR) 

*Waist Circum. 
Median (IQR) 

*Hip Circum. 
Median (IQR) 

*Waist-to-Hip 
Median (IQR) 

*Neck 
Circum. 
Median (IQR) 

*Mid-arm 
Circum. 
Median (IQR) 

*Triceps Skin Fold 
Median (IQR) 

15-24 21.74 (18.51 -26.49) 77.20 (69.50 – 87.90) 92.30 (85.00 – 102.00) 0.84 (0.80 – 0.88) 33 (31 – 35) 28 (25 – 31) 142 (98 – 236) 

25-34 27.52 (22.71 – 32.69) 92.80 (81.45 – 106.20) 103.00 (92.80 – 113.00) 0.91 (0.86 – 0.94) 35 (33 – 38) 33 (28 – 36) 219.50 (160.50 – 275.00) 

35-44 28.12 (23.95 – 32.11) 94.60 (85.60 – 105.00) 103.00 (94.40 – 112.00) 0.92 (0.87 – 0.96) 35 (33 -38) 33 (30 – 36) 239. (160 – 298) 

45-54 28.13 (24.97 – 32.25) 97.20 (89.70 – 105.50) 102.60 (96.00 – 113.00) 0.94 (0.90 – 0.97) 35 (33 – 37) 33 (31 – 36) 240 (190 – 297) 

55-64 27.48 (23.94 – 31.65) 96.10 (89.00 – 104.00) 101.00 (94.00 – 110.00) 0.95 (0.91 – 0.98) 35 (33 – 37) 32 (29 – 35) 212.50 (153.00 – 270.00) 
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Table 4.15: Metabolic syndrome: NCEP ATP III criteria (gender means)   

 

 

 

 

 

    

 

   

 

In this cohort, 44.9% of subjects were diagnosed with MS using the NCEP ATP III category. The mean values for each of the 

components of MS between males and females were similar, except for triglycerides which were higher in men and HDL levels which 

were lower in men compared to women (p= <0.001).  

 

 

 

 

 

 Males Females Total P value 
 Mean SD Mean SD Mean SD  

Waist Circumference (cm) 100 10 103 13 102 12 0.590 
Mean SBP (mm Hg) 145 18 143 25 144 24 0.370 
Mean DBP (mm Hg) 88 12 86 11 86 11 0.047 
Fasting Glucose (mmol/L) 7.52 3 7.54 3 7.54 3 0.813 
Triglycerides (mmol/L) 2.68 1 2.20 1 2.29 1 <0.001 
HDL Cholesterol (mmol/L) 1.00 0.24 1.19 0.24 1.15 0.25 <0.001 
Metabolic syndrome n (%)    97 (30.6) 421 (50.3)   518 (44.9) - 
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Table 4.16: Metabolic syndrome IDF criteria (gender means)  

 

 

 

 

 

 

 

Using the IDF category, there was an increase in the number of participants diagnosed with MS (51.4%). A similar trend of raised 

mean triglycerides and lowered values of HDL cholesterol seen in men (p=<0.001).  

 

 

 

 

 

 

 

 Males Females Total P value 
 Mean SD Mean SD Mean SD  

Waist Circumference (cm)    100 8 102 13 102 12 0.118 
Mean SBP (mm Hg) 143 19 142 25 142 24 0.356 
Mean DBP (mm Hg) 88 12 85 11 86 11 0.019 
Fasting Glucose (mmol/L) 7.18 3 7.38 3 7.33 3 0.432 
Triglycerides (mmol/L) 2.37 1 2.12 1 2.18 1 0.001 
HDL Cholesterol (mmol/L) 1.09 0.65 1.20 0.26 1.18 0.38 <0.001 
Metabolic syndrome n (%) 128 (40.4) 465 (55.6) 593 (51.4)  
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Table 4.17: Prevalence of criteria for metabolic syndrome (NCEP ATP III and IDF) 

 

      

Footnote: HDL= High Density Lipoprotein, MS= metabolic syndrome  

 

Table 4.13 shows the frequency of metabolic or biochemical abnormalities for each criterion applied. Waist circumference increased 

by almost 20% which resulted in 78% of subjects had an increased waist circumference with the IDF criteria. As triglycerides, HDL 

cholesterol and BP have the same cut-offs in both criteria, the results were the same for both, while an increase in the fasting glucose 

rose from 29 to 39%.  

 

 

 

 

 

 

 NCEP ATP III MS IDF MS 
 Yes (%) No   (%) Yes   (%) No   (%) 
Waist Circumference (cm) 682  (59) 472  (41) 900   (78) 254   (22) 
Triglycerides (mmol/L) 473  (41) 681  (59) 473   (41) 681   (59) 
HDL Cholesterol (mmol/L) 524  (45) 630  (55) 524   (45) 630   (55) 
Blood Pressure (mm Hg) 643  (56) 511  (44) 643   (56) 511   (44) 
Fasting Glucose (mmol/L) 339  (29) 815  (71) 450   (39) 704    (61) 
MS 518  (45) 636  (55) 593   (51) 561    (49) 
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Table 4.18: Body anthropometry in Metabolic Syndrome (NCEP ATP III and IDF) 

 

 

A further breakdown of body anthropometry was done to determine which measurements could best indicate the risk of MS. All body 

morphometry measurements were significantly different between subjects with and without MS using either definition of MS. All 

measures were statistically significantly higher in subjects with MS (p<0.001).  

 

 
 
 

NCEP ATP III Risk Factor IDF Risk Factor P Value 

         Yes         No       Yes         No  
 Median   (IQR) Median (IQR) Median (IQR) Median (IQR)  
Body Mass Index (BMI) 30         (27-34) 25        (22-29) 30      (27-34) 25        (22-30)    <0.001 
Waist Circumference (cm) 102       (94-109) 88        (79-98) 100    (94-108) 87        (78-97)    <0.001 
Arm Circumference (cm) 34         (31-37) 30        (27-34) 34      (31-37) 31        (27-34)    <0.001 
Neck Circumference (cm) 36         (34-38) 34        (32-36) 36      (34-38) 34        (32-36)    <0.001 
Mean Triceps Skinfold (mm) 250       (196-305) 198      (127-263) 264    (194-300) 202  (130-271)    <0.001 
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4.4. Lifestyle Patterns and Body Anthropometry  

 

Analysis of whether lifestyle patterns had any effect on body anthropometry was done 

using Spearman’s RHO and are shown in these are summarised below: 

  

1. Strong correlations were noted between age and mean systolic blood pressure 

(OR=0.425, p<0.001), while a lower correlation was observed with mean diastolic 

blood pressure (OR=0.240, p<0.001).  

 

2. Smoking had a strong negative correlation with weight (OR=-0.590, p=0.044). 

Weaker correlations were noted between smoking and waist circumference 

(OR=-0.104, p<0.001), hip circumference (OR=-0.141, p<0.001), arm 

circumference (OR=-0.108, p<0.001) and mean triceps skinfold (OR=-0.207, 

p<0.001).  

 

3. Except for a positive correlation with neck circumference (OR=0.218, p<0.001), 

average alcohol intake had negative weak correlations with BMI (OR=-0.141, 

p<0.001), hip circumference (OR=-0.156, p<0.001), mean triceps skinfold (OR=-

0.266, p<0.001). Similarly, maximum alcohol intake had weak negative 

correlations with all anthropometric measurements except neck circumference 

(OR=0.191, p<0.001).  

 

4. Fruit intake per week had significant but weak positive correlations with BMI 

(OR=0.090, p=0.002), waist circumference (OR=0.086, p=0.003), and mean 

triceps skinfold (OR=0.089, p=0.003).  Hours of sleep had negative weak 

correlations with waist circumference (OR= -0.093, p=0.002) and mid-arm 

circumference (OR= -0.090, p=0.002).  
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5. Total exercise per week was correlated with all the body measurements, 

including blood pressure. The correlations observed were weak and negative 

which is expected for this relationship. The following results were significant: BMI 

(OR=-0.106, p<0.000), waist circumference (OR=-0.094, p=0.001), hip 

circumference (OR=-0.087, p=0.003), mid-arm circumference (OR=-0.085, 

p=0.004), mean triceps skinfold (OR=-0.179, p<0.000) and diastolic blood 

pressure (OR=-0.120, p<0.000). Sedentary behaviour had a weak positive 

correlation with neck circumference (OR=0.096, p<0.001) and a negative weak 

correlation with mean triceps skinfold (OR=-0.075, p=0.011). 
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Table 4.19: Correlation of Lifestyle Patterns with Body Anthropometry  

 Footnote: BMI: Body Mass Index, MTS: Mean Triceps Skinfold, SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure. Only significant results reflect on the 
table 

 

 
 Age Smoking 

Average 
Alcohol 
Intake 

Maximum 
Alcohol 
Intake 

Fruit Per Week Hours of Sleep Total Exercise 
Per Week 

Total 
Sedentary 

Time Per Week 
Height r = 

p = 
-0.169 0.170 - - - - 0.195 0.121 
<0.001 <0.001 - - - - <0.000 <0.000 

Weight r = 
p = 

0.062 -0.590 - - - -0.068 - - 
0.034 0.044 - - - 0.022 - - 

BMI r = 
p = 

0.133 -0.133 -0.141 -0.138 0.090 -0.076 -0.106 - 
<0.001 <0.001 <0.001 <0.001 0.002 0.010 <0.000 - 

Waist  Circum. r = 
p = 

0.223 -0.104 -0.082 -0.085 0.086 -0.093 -0.094 - 
<0.001 <0.001 0.005 0.004 0.003 0.002  0.001 - 

Hip Circum.  r = 
p = 

0.071 -0.141 -0.156 -0.157 0.081 -0.078 -0.087 - 
0.016 <0.001 <0.001 <0.001 0.006 0.008  0.003 - 

Mid-arm Circum. r = 
p = 

0.111 -0.108 -0.099 -0.103 0.074 -0.090 -0.085 - 
<0.001 <0.001 <0.001 <0.001 0.012 0.002  0.004 - 

Neck Circum. r = 
p = 

0.101 0.062 0.218 0.191 - - - 0.096 
0.001 0.036 <0.001 <0.001 - - -  0.001 

MTS r = 
p = 

- -0.207 -0.266 -0.251 0.089 - -0.179 -0.075 
- <0.001 <0.001 <0.001 0.003 - <0.000 0.011 

Mean SBP  r = 
p = 

0.425 - - - - -0.052 - - 
<0.001 - - - - 0.082 - - 

Mean DBP r = 0.240 - - - - -0.041 -0.120 - 
p = <0.001 - - - - 0.167 <0.000 - 
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4.5 Biochemical parameters and Body Anthropometry  
 

1. All glycaemic indices (fasting glucose, fasting insulin, 2 hour glucose, 2 hour 

insulin and HBA1C) had significant correlations with body measurements.  The 

strongest correlations were observed between fasting insulin and all body 

measurements. Body weight had strong correlations with fasting insulin 

(OR=0.514, p<0.001) but BMI had stronger correlations than weight with all 

biochemical parameters except HDL (OR=-0.139, p<0.001). 

 

2. Waist circumference had a strong significant correlation with fasting insulin 

(OR=0.557, p<0.001) and with all other glycemic indices, as well as with 

triglycerides (OR=0.328 p<0.001). A weak negative correlation was noted 

between waist circumference and HDL.  

 

3. Hip circumference had a strong significant correlation with fasting insulin 

(OR=0.546, p<0.001) and with other glycemic indices as well as triglycerides but 

was not as strong as waist circumference. Arm circumference had similar 

correlations as hip circumference but a strong significant correlation with 

triglycerides (OR=0.276, p<0.001).  

 

4. Neck circumference had weaker correlations with the glycemic parameters: than 

hip circumference but had strong correlation with triglycerides           (OR= 0.315, 

p<0.001) and a strong negative correlation with HDL Cholesterol (OR= -0.295, 

p<0.001). Mean triceps skinfold had three moderate correlations with 

biochemistry: fasting insulin (OR=0.452, p<0.001); 2 hour glucose    (OR= 0.303, 

p<0.001) and 2 hour insulin (OR=0.340, p<0.001) as well as weak correlation 

with triglycerides.  
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5. Total exercise per week had negative weak correlation with all biochemistry 

parameters except HDL Cholesterol: fasting glucose (OR=-0.086, p=0.004), 

fasting insulin (OR=-0.088, p=0.003), 2 hour glucose (OR=-0.134, p<0.000),  2 

hour insulin (OR=-0.089, p=0.007), total cholesterol (OR=-0.128, p<0.000), 

triglycerides (OR=-0.083, p=0.005), LDL cholesterol (OR=-0.107, p=0.000) and 

HbA1C (OR=-0.080, p=0.007). 
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Table 4.20: Correlation of Biochemical parameters with body anthropometry and physical activity 

Footnote: 2HR: two hour, BMI: Body Mass Index, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein. Only significant results reflect on the table 

 

 

 

 

 

 
 Height Weight BMI Waist  

Circumference 
Hip 

Circumference 
Arm 

Circumference 
Neck 

Circumference 
Mean 

Triceps 
Skinfold 

Total 
Exercise 
Per Week 

Fasting Glucose r = 
p = 

- 0.237 0.255 0.323 0.214 0.239 0.215 0.163 -0.086 
- <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  0.004 

Fasting Insulin r = 
p = 

-0.104 0.514 0.557 0.546 0.520 0.532 0.359 0.452 -0.088 
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  0.003 

2HR Glucose r = 
p = 

-0.195 0.295 0.378 0.397 0.321 0.341 0.202 0.303 -0.134 
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.000 

2HR Insulin r = 
p = 

-0.183 0.293 0.373 0.377 0.339 0.344 0.200 0.340 -0.089 
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  0.007 

Total Cholesterol r = 
p = 

-0.105 - 0.90 0.132 - 0.110 0.087 0.086 -0.128 
<0.001 - 0.002 <0.001 - <0.001 0.003 0.004 <0.000 

Triglycerides r = 
p = 

- 0.279 0.269 0.328 0.199 0.276 0.315 0.134 -0.083 
- <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  0.005 

HDL Cholesterol r = 
p = 

-0.161 -0.226 -0.139 -0.189 -0.100 -0.151 -0.295 - - 
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - - 

LDL Cholesterol r = 
p = 

-0.088 - 0.076 0.100 - 0.099 0.073 0.062 -0.107 
0.003 - 0.011 0.001 - 0.001 0.014 0.040 0.000 

HbA1C r = 
p = 

-0.129 0.238 0.293 0.324 0.223 0.223 0.181 0.188 -0.080 
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.007 
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4.6 Inter-correlation of Body Anthropometry 

 

1. When anthropometric and physiologic measures were correlated with each other, 

BMI had positive correlations with all anthropometric measurements and blood 

pressure measurements, the strongest being waist circumference (OR=0.882), 

hip circumference (OR=0.913), arm circumference (OR=890) and mean triceps 

skinfold (OR=0.737).   

 

2. Waist circumference was positively correlated with all body measurements. 

Strong correlations were reported with hip circumference (OR=0.847), arm 

circumference (OR=0.809), as well as with neck circumference (OR=0.537) and 

mean triceps skinfold (OR=0.618). All measurements were significant.  

 

3. Mid-arm circumference had significantly strong positive correlations with: BMI 

(OR=0.890, p<0.001); waist circumference (OR=0.809, p<0.001); and hip 

circumference (OR=0.827, p<0.001).  

 

4. Neck circumference had strong correlations with waist circumference       (OR= 

0.537, p<0.001) and mid-arm circumference (OR=0.546, p<0.001).  

 

5. Mean triceps skinfold has strong positive correlations with BMI (OR=0.737, 

p<0.001); waist circumference (OR=0.618, p<0.001); hip circumference   

(OR=0.726, p<0.001) and mid-arm circumference (OR=0.705, p<0.001).  
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Table 4.21: Inter-correlation of Body Anthropometry 

Footnote: Only significant results reflect on the table 

 

 

 

 Waist  
Circumference 

Hip 
Circumference 

Mid-Arm 
Circumference 

Neck 
Circumference 

Mean 
Triceps 
Skinfold 

Mean 
Systolic BP 

Mean 
Diastolic BP 

Body Mass Index r = 
p = 

0.882 0.913 0.890 0.498 0.737 0.294 0.311 
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Waist Circumference r = 
p = 

- - 0.809 0.537 0.618 0.332 0.324 
- - <0.001 <0.001 <0.001 <0.001 <0.001 

Hip Circumference r = 
p = 

- - 0.827 0.415 0.726 0.231 0.251 
- - <0.001 <0.001 <0.001 <0.001 <0.001 

Mid-arm Circumference  r = 
p = 

- - - 0.546 0.705 0.292 0.294 
- - - <0.001 <0.001 <0.001 <0.001 

Neck Circumference r = 
p = 

- - - - 0.152 0.287 0.250 
- - - - <0.001 <0.001 <0.001 
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4.7. Inter-correlation of Biochemistry 

 

1. Fasting glucose had a weak positive correlation with fasting insulin           

(OR=0.270, p<0.001). 2 hour glucose had a strong positive correlation with 

fasting glucose (OR=0.505, p<0.001) and a weak positive correlation with fasting 

insulin (OR=0.380, p<0.001), both these findings were significant. 2 hour insulin 

had a strong correlation with fasting insulin (OR=0.536, p<0.001) and a weak 

correlation with 2 hour glucose (OR=0.440, p<0.001).  

 

2. Total cholesterol had weak correlations with other biochemistry parameters, a 

significant correlation was observed between total cholesterol and 2 hour glucose 

(OR=0.212, p<0.001).  

 
3. Triglycerides had significant and moderate correlations with the following 

biochemistry components: fasting glucose (OR=0.335, p<0.001); fasting insulin 

(OR=0.290, p<0.001); 2 hour glucose (OR=0.384, p<0.001); 2 hour insulin 

(OR=0.234, p<0.001); total cholesterol (OR=0.442, p<0.001).  

 

4. HDL Cholesterol had negative weak significant correlations with biochemistry 

parameters: fasting glucose (OR=-0.117, p<0.001); fasting insulin           (OR=-

0.238, p<0.001); 2 hour glucose (OR=-0.089, p<0.001); 2 hour insulin (OR=-

0.102, p<0.001); triglycerides (OR=-0.358, p<0.001).  

 

5. LDL Cholesterol had a strong significant correlation with total cholesterol         

(OR=0.831, p<0.001) and weaker yet significant correlations with 2 hour glucose 

(OR=0.138, p<0.001) and triglycerides (OR=0.245, p<0.001).  

 

6. HbA1C had significant correlations with all biochemical parameters, the strongest 

of which was with fasting glucose (OR=0.668, p<0.001).  
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7. For HbA1C, weaker correlations were seen with fasting insulin (OR=0.224, 

p<0.001);       2 hour glucose (OR=0.497, p<0.001); 2 hour insulin (OR=0.148, 

p<0.001); total cholesterol (OR=0.236, p<0.001); triglycerides (OR=0.359, 

p<0.001); LDL Cholesterol (OR=0.203, p<0.001); and a negative correlation was 

seen with HDL Cholesterol (OR=-0.107, p<0.001).  
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Table 4.22: Intercorrelation of Biochemistry 

 

Footnote: HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein  

 

 

 

 

 

 
 

Fasting 
Insulin 

2HR 
Glucose 

2HR 
Insulin Total Cholesterol Triglycerides HDL 

Cholesterol 
LDL 

Cholesterol HbA1C 

Fasting Glucose r = 
p = 

0.270 0.505 0.128 0.241 0.335 -0.117 0.155 0.668 
<0.001 <0.001 <0.001 0.004 <0.001 <0.001 0.040 <0.001 

Fasting Insulin r = 
p = 

- 0.380 0.536 - 0.290 -0.238 - 0.224 
- <0.001 <0.001 - <0.001 <0.001 - <0.001 

2HR Glucose r = 
p = 

- - 0.440 0.212 0.384 -0.089 0.138 0.497 
- - <0.001 <0.001 <0.001 0.007 <0.001 <0.001 

2HR Insulin r = 
p = 

- - - 0.092 0.234 -0.102 0.095 0.148 
- - - 0.005 <0.001 <0.001 0.002 <0.001 

Total Cholesterol r = 
p = 

- - - - 0.442 0.208 0.831 0.236 
- - - - <0.001 <0.001 <0.001 <0.001 

Triglyceride r = 
p = 

- - - - - -0.358 0.245 0.359 
- - - - - <0.001 <0.001 <0.001 

HDL Cholesterol r = 
p = 

- - - - - - - -0.107 
- - - - - - - <0.001 

LDL Cholesterol r = 
p = 

- - - - - - - 0.203 
- - - - - - - <0.001 

HbA1C r = 
p = 

- - - - - - - - 
- - - - - - - - 
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4.8  HOMA- IR  for Metabolic Syndrome 
 
 

Table 4.23: HOMA- IR for IDF criteria 

 IDF MS Yes 
(N=468) 

IDF MS No 
(N=671) Total 

HOMA-IR ≤ 2.7 110 405 515 

HOMA-IR > 2.7 358 266 624 

 

Of the 624 participants with HOMA-IR > 2.7, 57.4% (358) had IDF MS, compared to 21.4% (110) of participants with HOMA-IR ≤ 

2.7, p<0.001. 
 

Table 4.24: HOMA-IR for NCEP ATP III criteria 
 
 

 NCEP MS Yes 
(N=513) 

NCEP MS No 
(N=626) Total 

HOMA-IR ≤ 2.7 106 409 515 

HOMA-IR > 2.7 407 217 624 

 
Of the 624 participants with HOMA-IR > 2.7, 65.2% (407) had NCEP MS, compared to 20.6% (106) of participants with HOMA-IR ≤ 

2.7, p<0.001. 
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4.9  Body Anthropometry and HOMA-IR 

 
 
 

1. Waist circumference was strongly correlated with BMI (OR=0.882, p<0.001), hip circumference (OR=0.848, p<0.001) and 

mid-arm circumference (OR=0.809, p<0.001). There was also good correlation with neck circumference (OR=0.537, 

p<0.001), mean triceps skinfold (OR=0.618, p<0.001) and HOMA-IR (OR=0.559, p<0.001). 

 

2. BMI was strongly correlated with all body measurements and also showed good correlation with HOMA-IR (OR=0.544, 

p<0.001).  

 

3. Mid-arm circumference was positively correlated with neck circumference (OR=0.547, p<0.001), mean triceps skinfold 

(OR=0.705, p<0.001) and HOMA-IR (OR=0.514, p<0.001). Neck circumference (OR=0.363, p<0.001) and mean triceps 

skinfold (OR=0.426, p<0.001) had a fair correlation with HOMA-IR. 
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Table 4.25: Inter-correlation of anthropometric measurement and the correlation of anthropometric measurements with HOMA-IR 
 

 
 
 
 
 
 
 
 
 
 
 

 Body Mass 
Index 

Waist  
Circumference 

Hip 
Circumference 

Mid-Arm 
Circumference 

Neck 
Circumference 

Mean 
Triceps 
Skinfold 

HOMA-IR 
>2.7 

Body Mass Index r = 
p = 

- 0.882 0.913 0.890 0.498 0.737 0.544 
- <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Waist Circumference r = 
p = 

- - 0.848 0.809 0.537 0.618 0.559 
- - <0.001 <0.001 <0.001 <0.001 <0.001 

Hip Circumference r = 
p = 

- - - 0.827 0.416 0.726 0.494 
- - - <0.001 <0.001 <0.001 <0.001 

Mid-arm Circumference  r = 
p = 

- - - - 0.547 0.705 0.514 
- - - - <0.001 <0.001 <0.001 

Neck Circumference r = 
p = 

- - - - - 0.152 0.363 
- - - - - <0.001 <0.001 

Mean Triceps Skinfold r =  
p = 

- - - - - - 0.426 
- - - - - - <0.001 

HOMA-IR r = 
p = 

- - - - - - - 
- - - - - - - 
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4.10 Metabolic Syndrome: IDF Males 
 

Table 4.26a: Odds Ratio table for IDF Males with all variables 

 Unadjusted analysis Adjusted analysis 

Variable Odds Ratio (95% 
CI) p-value Odds Ratio (95% 

CI) p-value 

BMI 1.40 (1.29 - 1.51) <.0001 0.75 (0.53 - 1.08) 0.1198 

Waist Circumference 1.19 (1.15 - 1.24) <.0001 1.30 (1.15 - 1.46) <.0001 

Hip Circumference 1.15 (1.11 - 1.19) <.0001 1.10 (1.01 - 1.20) 0.0374 
Mid-Arm 
Circumference 1.04 (0.98 - 1.10) 0.1645 0.98 (0.93 - 1.04) 0.5102 

Neck Circumference 1.67 (1.48 - 1.88) <.0001 0.99 (0.77 - 1.29) 0.9627 
Mean Triceps 
Skinfold 1.01 (1.01 - 1.02) <.0001 0.99 (0.98 - 1.00) 0.2314 

Mean Systolic BP 1.05 (1.03 - 1.06) <.0001 1.04 (1.00 - 1.08) 0.0642 

Mean Diastolic BP 1.08 (1.06 - 1.10) <.0001 0.99 (0.93 - 1.06) 0.8690 

Fasting Glucose 1.44 (1.26 - 1.64) <.0001 0.97 (0.40 - 2.34) 0.9505 

Fasting Insulin 1.12 (1.08 - 1.17) <.0001 0.61 (0.34 - 1.09) 0.0931 

2hr Glucose 1.18 (1.10 - 1.28) <.0001 0.90 (0.70 - 1.14) 0.3755 

2hr Insulin 1.01 (1.00 - 1.01) <.0001 1.00 (1.00 - 1.01) 0.1486 

Total Cholesterol 1.38 (1.14 - 1.68) 0.0013 1.14 (0.72 - 1.81) 0.5749 

Triglycerides 4.40 (3.00 - 6.46) <.0001 5.57 (2.48 - 12.51) <.0001 
Decreasing HDL 
Cholesterol 4.99 (2.19 - 11.37) 0.0001 1.57 (0.82 - 3.02) 0.1730 

LDL Cholesterol 1.01 (0.97 - 1.05) 0.6276 0.95 (0.84 - 1.08) 0.4348 

HbA1C 1.37 (1.19 - 1.57) <.0001 0.93 (0.54 - 1.61) 0.8045 

HOMA-IR >2.7 1.64 (1.42 - 1.90) <.0001 6.83 (0.67 - 70.17) 0.1059 
Total exercise per 
week (per hour 
increase) 

0.90 (0.83 - 0.99) 0.0249 1.01 (0.90 - 1.14) 0.8856 

 

Univariate analysis revealed that all parameters except for mid-arm circumference and 

LDL Cholesterol were predictors of MS. In multivariate analysis, only WC, triglycerides 

and hip circumference remain significant determinants of MS in males. 
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Table 4.26b: Odds Ratio table for IDF Males with excluding criteria for definition  

 

 Unadjusted analysis Adjusted analysis 

Variable Odds ratio 
(95% CI) p-value Odds ratio 

(95% CI) p-value 

BMI 1.40 (1.29 - 1.51) <.0001 1.22 (1.00 - 1.49) 0.0478 

Hip Circumference 1.15 (1.11 - 1.19) <.0001 1.04 (0.97 - 1.11) 0.2505 

Mid-Arm Circumference 1.04 (0.98 - 1.10) 0.1645 0.99 (0.83 - 1.19) 0.9562 

Neck Circumference 1.67 (1.48 - 1.88) <.0001 1.22 (1.02 - 1.47) 0.0306 

Mean Triceps Skinfold 1.01 (1.01 - 1.02) <.0001 1.00 (0.99 - 1.00) 0.2407 

Fasting Insulin 1.12 (1.08 - 1.17) <.0001 0.87 (0.77 - 0.98) 0.0218 

Total Cholesterol 1.38 (1.14 - 1.68) 0.0013 1.25 (0.94 - 1.67) 0.1215 

LDL Cholesterol 1.01 (0.97 - 1.05) 0.6276 0.99 (0.95 - 1.04) 0.8074 

HbA1C 1.37 (1.19 - 1.57) <.0001 1.02 (0.80 - 1.32) 0.8595 

Total recreational 
exercise per week (per 
hour increase) 

0.90 (0.83 - 0.99) 0.0249 0.95 (0.86 - 1.04) 0.2643 

HOMA-IR >2.7 1.64 (1.42 - 1.90) <.0001 2.00 (1.24 - 3.23) 0.0047 

 

 

After excluding the criteria used in the definition of MS, multivariate analysis showed 

that linear increases in BMI, neck circumference and HOMA-IR were significantly 

associated with an increased risk of being diagnosed with metabolic syndrome. The 

odds ratios revealed a doubling of the risk for MS with HOMA-IR >2.7.  
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4.11 Metabolic Syndrome: IDF Females 
 

Table 4.27a: Odds Ratio table for IDF Females with all variables 

 Unadjusted analysis Adjusted analysis 

Variable Odds Ratio (95% CI) p-
value Odds Ratio (95% CI) p-value 

BMI 1.13 (1.10 - 1.16) <.0001 1.03 (0.92 - 1.16) 0.6194 
Waist 
Circumference 1.07 (1.06 - 1.08) <.0001 1.04 (1.00 - 1.08) 0.0853 

Hip Circumference 1.05 (1.03 - 1.06) <.0001 0.97 (0.93 - 1.02) 0.2134 
Mid-Arm 
Circumference 1.17 (1.13 - 1.21) <.0001 1.01 (0.93 - 1.10) 0.8358 

Neck Circumference 1.25 (1.18 - 1.32) <.0001 1.02 (0.98 - 1.05) 0.3388 
Mean Triceps 
Skinfold 1.01 (1.00 - 1.01) <.0001 1.00 (0.99 - 1.00) 0.3661 

Mean Systolic BP 1.06 (1.05 - 1.07) <.0001 1.06 (1.04 - 1.09) <.0001 

Mean Diastolic BP 1.08 (1.06 - 1.09) <.0001 1.04 (1.00 - 1.08) 0.0691 

Fasting Glucose 1.82 (1.60 - 2.08) <.0001 8.10 (3.55 - 18.46) <.0001 

Fasting Insulin 1.07 (1.05 - 1.09) <.0001 1.25 (1.06 - 1.49) 0.0091 

2hr Glucose 1.39 (1.30 - 1.50) <.0001 1.04 (0.91 - 1.19) 0.5506 

2hr Insulin 1.00 (1.00 - 1.01) <.0001 1.00 (1.00 - 1.00) 0.5491 

Total Cholesterol 1.56 (1.37 - 1.78) <.0001 1.08 (0.72 - 1.64) 0.7107 

Triglycerides 8.12 (5.78 - 11.43) <.0001 11.99 (6.45 - 22.29) <.0001 
Decreasing HDL 
Cholesterol 20.37 (11.50 - 36.07) <.0001 191.48 (54.89 - 667.93) <.0001 

LDL Cholesterol 1.45 (1.25 - 1.69) <.0001 0.92 (0.61 - 1.39) 0.7042 

HbA1C 1.96 (1.71 - 2.25) <.0001 1.50 (1.03 - 2.19) 0.0326 

HOMA-IR >2.7 1.39 (1.29 - 1.49) <.0001 0.42 (0.21 - 0.83) 0.0126 
Total exercise per 
week (per hour 
increase) 

0.94 (0.87 - 1.00) 0.0643 0.96 (0.85 - 1.08) 0.4630 

 

Similar to males, univariate analysis showed that all parameters except for total 

exercise per week were significant in predicting MS. In contrast to males, multivariate 

analysis revealed that mean systolic BP, fasting glucose, fasting insulin, triglycerides, 

decreasing HDL cholesterol, HbA1C and HOMA-IR remained significant determinants 

of MS. 
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Table 4.27b: Odds Ratio table for IDF Females with excluding criteria for definition 

 

 Unadjusted analysis Adjusted analysis 
Variable Odds ratio  

(95% CI) 
p-value Odds ratio  

(95% CI) 
p-value 

BMI 1.13 (1.10 - 1.16) <.0001 1.08 (1.00 - 1.17) 0.0621 

Hip Circumference 1.05 (1.03 - 1.06) <.0001 0.99 (0.96 - 1.02) 0.3678 
Mid-Arm 
Circumference 1.17 (1.13 - 1.21) <.0001 1.09 (1.01 - 1.17) 0.0264 

Neck Circumference 1.25 (1.18 - 1.32) <.0001 1.03 (0.96 - 1.10) 0.4375 
Mean Triceps 
Skinfold 1.01 (1.00 - 1.01) <.0001 1.00 (0.99 - 1.00) 0.0371 

Fasting Insulin 1.07 (1.05 - 1.09) <.0001 0.99 (0.96 - 1.03) 0.7877 

Total Cholesterol 1.56 (1.37 - 1.78) <.0001 1.39 (1.17 - 1.64) 0.0002 

LDL Cholesterol 1.45 (1.25 - 1.69) <.0001 1.03 (0.95 - 1.12) 0.5288 

HbA1C 1.96 (1.71 - 2.25) <.0001 1.58 (1.36 - 1.85) <.0001 

Total recreational 
exercise per week 
(per hour increase) 

0.94 (0.87 - 1.00) 0.0643 0.97 (0.90 - 1.05) 0.4498 

HOMA-IR >2.7 1.39 (1.29 - 1.49) <.0001 1.20 (1.03 - 1.39) 0.0166 
 

 

After excluding the criteria used in the definition of MS, the factors associated with 

increased risk of metabolic syndrome in females (adjusted model) were different than 

males.  These were mid-arm circumference (OR=1.09, p=0.0264), mean triceps skinfold 

(OR=1.00, p=0.0371), total cholesterol (OR=1.39, p=0.0002) and HOMA-IR (OR=1.20, 

p=0.0166). HbA1C was also significantly associated with women being at 58% greater 

odds of being diagnosed with metabolic syndrome for every 1 unit increase in HbA1C 

(p<0.0001). Variables such as hip and neck circumference were significant in 

unadjusted analysis; however after adjustment fell away. 
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4.12 Metabolic Syndrome: NCEP ATP III Males 
 

Table 4.28a: Odds Ratio table for NCEP ATP III Males with all variables 

 Unadjusted analysis Adjusted analysis 

Variable Odds Ratio (95% CI) p-
value Odds Ratio (95% CI) p-value 

BMI 1.27 (1.19 - 1.36) <.0001 1.21 (0.83 - 1.77) 0.3186 
Waist 
Circumference 1.11 (1.08 - 1.14) <.0001 1.04 (0.93 - 1.17) 0.4580 

Hip Circumference 1.10 (1.06 - 1.13) <.0001 0.96 (0.86 - 1.07) 0.4413 
Mid-Arm 
Circumference 1.28 (1.19 - 1.38) <.0001 1.04 (0.91 - 1.20) 0.5573 

Neck Circumference 1.42 (1.28 - 1.57) <.0001 1.09 (0.81 - 1.48) 0.5606 

Mean Triceps 
Skinfold 1.01 (1.01 - 1.01) <.0001 0.99 (0.98 - 1.01) 0.4387 

Mean Systolic BP 1.04 (1.03 - 1.06) <.0001 1.04 (1.00 - 1.08) 0.0669 

Mean Diastolic BP 1.06 (1.04 - 1.09) <.0001 1.00 (0.94 - 1.06) 0.9207 

Fasting Glucose 1.41 (1.26 - 1.59) <.0001 1.52 (0.59 - 3.92) 0.3875 

Fasting Insulin 1.12 (1.08 - 1.16) <.0001 0.82 (0.61 - 1.09) 0.1679 

2hr Glucose 1.18 (1.10 - 1.28) <.0001 1.29 (0.98 - 1.70) 0.0727 

2hr Insulin 1.01 (1.00 - 1.01) <.0001 1.00 (1.00 - 1.01) 0.2428 

Total Cholesterol 1.33 (1.08 - 1.63) 0.0068 1.69 (0.88 - 3.23) 0.1143 

Triglycerides 8.33 (5.09 - 13.65) <.0001 5.84 (2.43 - 14.01) <.0001 
Decreasing HDL 
Cholesterol 48.31 (14.09 - 165.59) <.0001 1782.10 (29.61 - 107250.59) 0.0003 

LDL Cholesterol 1.01 (0.98 - 1.05) 0.5156 0.95 (0.80 - 1.13) 0.5831 

HbA1C 1.37 (1.20 - 1.57) <.0001 0.21 (0.06 - 0.67) 0.0090 
HOMA-IR >2.7 1.59 (1.39 - 1.81) <.0001 2.55 (0.81 - 8.05) 0.1105 
Total exercise per 
week (per hour 
increase) 

0.80 (0.68 - 0.95) 0.0110 0.91 (0.73 - 1.13) 0.4026 

 

Univariate analysis showed that all parameters except for LDL Cholesterol were 

significant in predicting MS. After adjusting the model, only triglycerides, decreasing 

HDL cholesterol and HbA1C remain significant determinants of MS.  
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Table 4.28b: Odds Ratio table for NCEP ATP III Males excluding criteria for definition  

 

 Unadjusted analysis Adjusted analysis 
Variable Odds ratio  

(95% CI) 
p-value Odds ratio  

(95% CI) 
p-value 

BMI 1.27 (1.19 - 1.36) <.0001 1.07 (0.90 - 1.26) 0.4392 

Hip Circumference 1.10 (1.06 - 1.13) <.0001 0.98 (0.92 - 1.04) 0.4934 
Mid-Arm 
Circumference 1.28 (1.19 - 1.38) <.0001 1.06 (1.01 - 1.10) 0.0134 

Neck Circumference 1.42 (1.28 - 1.57) <.0001 1.30 (1.09 - 1.55) 0.0033 
Mean Triceps 
Skinfold 1.01 (1.01 - 1.01) <.0001 1.00 (0.99 - 1.01) 0.8439 

Fasting Insulin 1.12 (1.08 - 1.16) <.0001 0.90 (0.81 - 1.01) 0.0678 

Total Cholesterol 1.33 (1.08 - 1.63) 0.0068 1.11 (0.84 - 1.48) 0.4555 

LDL Cholesterol 1.01 (0.98 - 1.05) 0.5156 1.00 (0.96 - 1.04) 0.9904 

HbA1C 1.37 (1.20 - 1.57) <.0001 0.94 (0.73 - 1.23) 0.6708 
Total recreational 
exercise per week 
(per hour increase) 

0.80 (0.68 - 0.95) 0.0110 0.82 (0.65 - 1.03) 0.0850 

HOMA-IR >2.7 1.59 (1.39 - 1.81) <.0001 1.88 (1.23 - 2.88) 0.0035 
 

 

After excluding the criteria used in the definition, in the adjusted model, liner increases 

in mid-arm and neck circumference, HOMA-IR were significantly associated with an 

increased risk of being diagnosed with metabolic syndrome with odds ratios of 

OR=1.06 (p=0.0134), OR=1.30 (p=0.0033), OR=1.88 (p=0.0035), respectively.   
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4.13 Metabolic Syndrome: NCEP ATP III Females 
 

Table 4.29a: Odds Ratio table for NCEP ATP III females with all variables 

 

Univariate analysis showed that all parameters except for total exercise per week 

were significant in predicting MS. After adjusting the model, all variables except mean 

systolic BP, mean diastolic BP, fasting glucose, fasting insulin, triglycerides, 

decreasing HDL cholesterol, HbA1C lost their significance. The NCEP and IDF 

models were similar for prediction except NCEP included mean diastolic BP. 

 Unadjusted analysis Adjusted analysis 

Variable Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value 

BMI 1.12 (1.10 - 1.15) <.0001 0.99 (0.87 - 1.12) 0.8201 
Waist 
Circumference 1.07 (1.05 - 1.08) <.0001 1.04 (1.00 - 1.08) 0.0731 

Hip Circumference 1.05 (1.04 - 1.06) <.0001 1.01 (0.96 - 1.05) 0.7988 
Mid-Arm 
Circumference 1.15 (1.12 - 1.19) <.0001 1.00 (0.90 - 1.11) 0.9871 

Neck 
Circumference 1.27 (1.20 - 1.34) <.0001 1.04 (0.89 - 1.23) 0.5897 

Mean Triceps 
Skinfold 1.01 (1.00 - 1.01) <.0001 1.00 (0.99 - 1.00) 0.1845 

Mean Systolic BP 1.06 (1.05 - 1.07) <.0001 1.06 (1.03 - 1.09) <.0001 

Mean Diastolic BP 1.08 (1.06 - 1.09) <.0001 1.05 (1.00 - 1.09) 0.0378 

Fasting Glucose 1.74 (1.55 - 1.95) <.0001 3.76 (1.77 - 8.01) 0.0006 

Fasting Insulin 1.07 (1.05 - 1.09) <.0001 1.18 (1.01 - 1.37) 0.0403 

2hr Glucose 1.38 (1.29 - 1.47) <.0001 1.14 (1.00 - 1.30) 0.0449 

2hr Insulin 1.00 (1.00 - 1.01) <.0001 1.00 (1.00 - 1.00) 0.5056 

Total Cholesterol 1.53 (1.34 - 1.74) <.0001 1.07 (0.65 - 1.75) 0.7983 

Triglycerides 9.31 (6.57 - 13.20) <.0001 15.92 (8.20 - 30.92) <.0001 
Decreasing HDL 
Cholesterol 23.20 (12.88 - 41.79) <.0001 268.84 (71.88 - 1005.46) <.0001 

LDL Cholesterol 1.38 (1.19 - 1.60) <.0001 1.02 (0.60 - 1.75) 0.9392 

HbA1C 1.87 (1.66 - 2.12) <.0001 1.28 (0.86 - 1.89) 0.2197 

HOMA-IR 1.45 (1.35 - 1.56) <.0001 0.54 (0.29 - 1.00) 0.0501 
Total exercise per 
week (per hour 
increase) 

0.97 (0.91 - 1.04) 0.3729 1.00 (0.87 - 1.15) 0.9452 
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Table 4.29b: Odds Ratio table for NCEP ATP III females excluding criteria for 

definition  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After excluding the criteria used in the definition, in the adjusted model for females, only 

biochemical parameters were significant in predicting of MS in the adjusted model: 

fasting insulin (OR=0.94, p=0.0489), total cholesterol (OR=1.37, p=0.0002) and HOMA-

IR (OR=1.57, p<0.0001). Women had 36% greater odds of being diagnosed with 

metabolic syndrome for every 1 unit increase in HbA1C (p<0.0001).  

 

 

 

 Unadjusted analysis Adjusted analysis 
Variable Odds ratio  

(95% CI) 
p-value Odds ratio  

(95% CI) 
p-value 

BMI 1.12 (1.10 - 1.15) <.0001 1.06 (0.98 - 1.15) 0.1369 

Hip Circumference 1.05 (1.04 - 1.06) <.0001 1.00 (0.97 - 1.03) 0.9008 
Mid-Arm 
Circumference 1.15 (1.12 - 1.19) <.0001 1.04 (0.98 - 1.11) 0.1846 

Neck Circumference 1.27 (1.20 - 1.34) <.0001 1.06 (0.99 - 1.14) 0.0895 
Mean Triceps 
Skinfold 1.01 (1.00 - 1.01) <.0001 1.00 (0.99 - 1.00) 0.0564 

Fasting Insulin 1.07 (1.05 - 1.09) <.0001 0.94 (0.89 - 1.00) 0.0489 

Total Cholesterol 1.53 (1.34 - 1.74) <.0001 1.37 (1.16 - 1.62) 0.0002 

LDL Cholesterol 1.38 (1.19 - 1.60) <.0001 1.03 (0.95 - 1.11) 0.5215 

HbA1C 1.87 (1.66 - 2.12) <.0001 1.36 (1.17 - 1.59) <.0001 
Total recreational 
exercise per week 
(per hour increase) 

0.97 (0.91 - 1.04) 0.3729 1.02 (0.94 - 1.11) 0.6345 

HOMA-IR 1.45 (1.35 - 1.56) <.0001 1.57 (1.25 - 1.98) 0.0001 
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Table 4.30 IDF Male ROC Curve            Area under the Curve 

 

 

The ROC curve shows the incapacity of biochemical, anthropometric and physiological components to predict the presence of the MS. BMI 

(0.850) showed the highest area under the curve when referring to the IDF category for male, followed by weight (0.846) and the neck 

circumference (0.832). 

Test Result Variable(s) Area 

BMI 0.850 
Weight 0.846 
Neck Circumference 0.832 
Hip Circumference 0.805 
Mid-Arm Circumference 0.793 
Fasting Insulin 0.784 
Mean Triceps Skin Fold 0.757 
2 hour Glucose 0.717 
2 hour Insulin 0.706 
HbA1C 0.670 
Total Cholesterol 0.601 
Height 0.575 
LDL 0.542 
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Table 4.31 IDF Female ROC Curve           Area under the Curve 

 

 

 

HbA1C (0.784) showed the highest area under the curve when referring to the IDF category for females, followed by 2 hour Glucose (0.745) 

and fasting insulin (0.700) 

         

Test Result Variable(s) Area 

HbA1C 0.784 
2 hour Glucose 0.745 
Fasting Insulin 0.700 
BMI 0.699 
Mid-Arm Circumference 0.688 
Neck Circumference 0.687 
Weight 0.686 
Hip Circumference 0.666 
Total Cholesterol 0.645 
2 hour Insulin 0.626 
Mean Triceps Skin Fold 0.618 
LDL 0.616 
Height 0.530 
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Table 4.32 NCEP ATP III Male ROC Curve          Area under the Curve 

 

 

The neck circumference (0.806) showed the highest area under the curve when referring to the NCEP category, followed by BMI (0.791) and 
fasting insulin. 

Test Result Variable(s) Area 

Neck Circumference 0.806 
BMI 0.791 
Fasting Insulin 0.779 
Weight 0.771 
Mid-Arm Circumference 0.751 
Hip Circumference 0.735 
Mean Triceps Skin Fold 0.731 
2 hour Glucose 0.727 
2 hour Insulin 0.671 
HbA1C 0.669 
Total Cholesterol 0.590 
Height 0.533 
LDL 0.516 
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Table 4.33 NCEP ATP III Female ROC Curve         Area under the Curve 

 

 

 

HbA1C (0.784) showed the highest area under the curve when referring to the NCEP category, followed by 2 hour glucose (0.745) and neck 

circumference (0.703). 

Test Result Variable(s) Area 

HbA1C 0.784 
2 hour Glucose 0.745 
Neck Circumference 0.703 
BMI 0.702 
Fasting Insulin 0.695 
Weight 0.694 
Mid-Arm Circumference 0.692 
Hip Circumference 0.677 
Total Cholesterol 0.638 
Mean Triceps Skin Fold 0.618 
2 hour Insulin 0.615 
LDL 0.603 
Height 0.511 
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Chapter Five 
 

Discussion, Conclusion and Recommendation 
 
5.1 Discussion 

 

This study shows a high prevalence of MS in this randomly selected sample in the 

Phoenix Indian community. As expected, the IDF criteria revealed more individuals with 

MS that NCEP ATP III (51.4% vs. 44.9%). This was due to more subjects having waist 

circumference (IDF=78%, NCEP=59%) and fasting glucose (IDF=39%, NCEP= 29%) 

as components of their metabolic syndrome (Table 4.17). Our findings are significantly 

higher than those reported in the USA, where it is estimated that the prevalence of MS 

is 35% and 39% according to the NCEP and IDF definitions respectively, and in the 

United Kingdom where up to 25% of the population have MS (67).  

 

Epidemiological studies have reported a high prevalence of metabolic syndrome and 

cardiovascular mortality among Indians settled abroad. In a study conducted on Indian 

immigrants settled in the USA for more than thirteen years, 40% of men and 28% of 

women were diagnosed with MS (NCEP criteria) (68). Similar studies have reported 

26% of Indian Canadian and 12% of Mauritians with MS (NCEP criteria) (69). Clearly 

changes in the environment with emigration and urbanisation are associated with a 

significant increase in risk factor prevalence accounting for the high prevalence of MS 

in our study of a low income community of South African Indians (67, 68). 

 

In India, studies on the prevalence of metabolic syndrome vary from 11% to 41% 

depending on the geographical environment as well as the definition of MS that was 

applied and continues to rise particularly with the adoption of modernised lifestyle (68), 

(69). The main drivers influencing the rapid transitions are nutrition requirements, 

lifestyle and socioeconomic shifts, consequent to increasing affluence, and rural-to-

urban migration (69). Deepa et. al., reported that rate of urbanisation for India has 

become exponential, with a 20% increase over a fifty year period (15% to 35%) (68). 
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The high prevalence of MS amongst the Indian population in our study are in keeping 

with the data reported in other population groups in South Africa. Erasmus et. al. (2012), 

have reported a prevalence of 60.6% (IDF) and 55.4% (NCEP) for the coloured 

population in Cape Town (63). Amongst corporate executives, however, a lower 

prevalence of 35% was reported by Ker et. al (2007), using NCEP criteria (70). Another 

study focusing on Caucasian and African women, who were equally matched for age 

and BMI, similarly revealed that 30.4% of Caucasian and 24.8% of African women has 

MS (IDF) (71).  

 

To date most epidemiological studies on South African Indians have reported the major 

CV risk factor prevalences, but there have been no reports of the prevalence of MS in 

this race group (32). A study reported by Ranjith et. al. (2002) showed a very high 

prevalence of MS (NCEP 60% and IDF 57%) in young Indians with myocardial infarction 

(72). Ranjith et. al. showed that MS was more predominant in females compared to 

males (NCEP) (p=0.043), but there were no significant gender difference when the IDF 

definition was applied (72). In our analysis, regardless of which criteria were used, MS 

was also more common in females.  IDF yielded more females with metabolic syndrome 

than males (55.6% vs. 40.4%) (Table 4.16), while the NCEP yielded lower prevalence 

in both groups (50.3% vs. 30.6%) (Table 4.15).  

 

The present study also showed significant increases in all morphometric measurements 

in participants with MS as compared to those without (Table 4.18). In this study we 

determined whether measures other than those defined in the NCEP and IDF criteria 

could predict MS in our sample. ROC curves were constructed for other morphometric 

measurements as well as biochemistry data in both males and females to determine 

their discriminating capacity in the diagnosis of MS. Of all the measures assessed, body 

morphometrics i.e. BMI and neck circumference emerged as the best predictors for MS 

in males. Analysis of ROC curves for females showed lower prevalences for these 

predictors with HbA1C emerging as the strongest predictor followed by the 2 hour 

glucose tolerance test further validating the impact of impaired glucose metabolism in 

the development of MS in females (Table 4.31, 4.33). 

 



 
66 

 

Univariate and multivariate analysis were performed in order to identify the major 

determinants in this sample. Table 4.26.a-4.29.b shows that all variables that were 

considered in unadjusted (including the MS criteria) and in adjusted models (without the 

MS criteria). In the multivariate analysis (adjusted model) in males waist and hip 

circumference, and triglycerides emerged as significant determinants of MS (IDF 

criteria) (Tables 26.a). In addition to triglycerides, decreasing HDL and HbA1C emerged 

as significant determinants using the NCEP criteria (Table 28a). After excluding the 

criteria in the definition for MS (Tables 4.26.b and 4.28.b), multivariate analysis revealed 

neck circumference and HOMA-IR as independent predictors of MS. For both MS 

criteria, there was a 1.8-2.0 fold increase in the risk of developing MS with a HOMA-IR 

of >2.7. 

 

As in the males, all criteria considered emerged as significant determinants in the 

unadjusted model (Tables 4.27.a and 4.29.a). In the multivariate analysis, mean systolic 

BP, fasting glucose, fasting insulin, triglycerides, decreasing HDL and HbA1C emerged 

as significant determinants for MS (both NCEP and IDF).after the exclusion of the 

criteria used in the definition (tables 4.27.b and 4.29.b), HOMA-IR, HbA1C and total 

cholesterol emerged as significant determinants for MS. Using the IDF criteria, females 

had 58% greater odds of being diagnosed with metabolic syndrome for every 1 unit 

increase in HbA1C (p<0.0001) compared to the NCEP criteria which revealed a 36% 

greater risk (p<0.0001). 

  

There was an alarmingly high prevalence of obesity in this sample. In fact 41.8% of the 

sample were obese when using the WHO criteria and increased markedly to 74.4% 

when using the Asian-specific cut-offs of 23kg/m2 (Table 4.4). In this study, we 

examined BMI using both the WHO and the modified criteria (Tables 4.3, 4.4). When 

the participants were re-categorised using the Asian-specific cut-offs, the percentage of 

obese subjects increased from 24% to 68.2%. Using the Asian specific criteria the 

percentage of obese subjects increased from 13% to over 50% in males and from 42% 

to almost 75% in females.  
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These results show that BMI should be categorised specific for each ethnic group for a 

true representation of the data and reflection of the cardiovascular risk. While large 

prospective studies such as Framingham Heart Study, Nurses’ Health Study, Buffalo 

Heart Study and Second Cancer Prevention Study have established the importance of 

using anthropometric measures as indices for cardiovascular risk (73), the  employment 

of ethnic specific cut-offs for Asians will better determine the risk in an  Asian population 

(21). 

 

There is a larger amount of research pointing to the contribution of an increased BMI 

and waist circumference in the development of CVD. Gupta et. al. (2007), reported that 

BMI, WC and waist to hip ratio are important determinants of cardiovascular risk 

associated with obesity and that the presence of any type of physical activity showed 

an inverse relation to these markers of obesity (22). Changes of occupations, 

introduction of newer technologies, and rapid pace of urban life have increasingly 

resulted in more sedentary work and less energy expenditure. Leisure time activities 

have also shifted from outdoor play to indoor entertainment; television viewing and 

computer games (43). Steyn et. al. (74), states there is strong evidence that sedentary 

lifestyle is a risk factor for heart disease along with associated risk factors such as 

overweight, high blood pressure, diabetes and high blood cholesterol while Matthews 

et. al. (43), reported that higher amounts of sedentary behaviour was positively 

associated with mortality.  

 

 In our study, an important objective was to investigate the subjects’ physical activity 

level and relate this to body morphometrics. This was measured at two intensities: 

vigorous and moderate; and encircled the participants’ daily activities in a work, home 

and social setting (physical and recreation activity). Overall, 39% of subjects partook in 

some form of moderate physical activity and 11% indulged in moderate recreational 

activity. A significant finding was far fewer women than men (4% vs. 17%) indulged in 

the vigorous recreation activity levels (p<0.0001). Of those subjects who exercised at a 

vigorous intensity, there were significant associations observed with exercise and BMI 

(p<0.001) and exercise and waist circumference (p<0.0001) for every hour of exercise 

performed per week (Table 4.11 and 4.12). Moderate exercise per week had no 
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significant association on BMI and waist circumference. In table 4.18, total exercise per 

week had negative correlations with all biochemical parameters except for HDL and all 

these results were significant which advocates previously stated literature on the 

importance of physical activity. In this sample both men and women are at a high risk 

of developing chronic diseases of lifestyle because they are leading very sedentary 

lifestyles which supports data of another local study showing that 62% of men and 42% 

of women led a sedentary lifestyle (74). 

 

Recent studies report that higher amounts of sedentary time are independently 

associated with increased risk of weight gain and obesity, poor metabolic health, and 

mortality. Two studies reported similar findings on the independent and combined 

effects of activity and overall sitting time and television viewing (75), (76). Matthews et. 

al. (2012), has shown that sitting during leisure time was positively associated with 

mortality even after overall physical activity levels were managed and that high levels 

of total activity did not minimize the risk related to sedentary behaviour (43). In our study, 

sedentary activity was measured in the form of sitting in a reclined position. We showed 

a significant relationship between sedentary activity and an increase neck 

circumference (r= 0.096, p= <0.001).  

 

Health problems related to a sedentary lifestyle have now become a global 

phenomenon, affecting individuals from different age and ethnic groups. A large panel 

of research points to the significant health effects of the “built” environment (77). Recent 

studies report that the design, forms and use of the developed environment play a role 

in fostering or hindering physical activity. The availability of places to engage in physical 

activity is an important environmental characteristic that influences physical activity 

levels (78). Babey et. al. (2008), conducted a survey investigating physical activity levels 

in adolescents and the influence of safe environments. Analysis from the study revealed 

that access to a safe park was positively associated with regular physical activity and 

negatively associated with inactivity for adolescents in urban areas (78). In this regard, 

the community of investigation, Phoenix, was established as a township in 1976, located 

some 20km northwest of central Durban, and is said to be one of the oldest Indian 

settlements in South Africa with very little integration having taken place (79). While the 

Phoenix Community Centre established in 1989 has embarked on numerous 
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development programmes aimed at the youth, women, sport and early childhood 

education. Our study has shown very little effect of these programmes on risk factor 

prevalences in this community.  

 

Contribution of positive family history on development of CV risk factors plays a vital 

role in the development of chronic diseases (67),(80). There was a high prevalence of 

a positive family history for CV risk factors in this sample. There was a positive family 

history for hypertension and DM in 76.6% and 68.1% of the sample respectively. A 

family history of CAD was present in almost 50% of the sample. Interestingly the majority 

of participants (89.9%) reported a negative family history of obesity, yet 68.2% of the 

participants were considered obese according to the Asian-specific BMI category (Table 

4.3). We can only conclude that this cohort has had a drastic shift in lifestyle behaviour 

and have become more inactive individuals than the generation before them, in some 

part due to failure of community health programmes. Within only a few generations, 

leisure time activity has decreased so dramatically as to be nearly non-existent in this 

urbanised environment. 

 

As physical activity is a vital component to CV risk, diet is another important component. 

The increasing prevalence of overweight and obesity has been attributed to changes to 

physical activity behaviour patterns as well as simultaneous quantitative and qualitative 

changes in the diet. It has been suggested in the past that consumption of fruit and 

vegetable might prevent excess weight gain but there is inconclusive evidence to 

support this theory. Research has shown that people with a high consumption of fruit 

also tend to have a high consumption of vegetables (34). Individuals who consume a 

high volume of fruit and vegetable also tend to eat less meat (processed meat, saturated 

fat) which has been positively associated with increased weight gain (81). In contrast, 

poor fruit and vegetable consumption has been associated with increase in CV risk. In 

the INTERHEART study, the results showed that individuals who ate fruit and 

vegetables every day compared with those who did not, had a reduction of 30% in the 

risk of myocardial infarction (41). Table 4.6 and 4.7 reflects dietary habits of the cohort. 

On average, the participants on our study consumed more vegetable than fruit per week. 
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However 67% of participants stated at least one meal per day contained food high in 

fat. Although 97.9% used vegetable oil when preparing meals, 81.4% reported to never 

or rarely using additional salt in their food, over 50% of participants stated that they had 

at least one carbonated drink per day respectively. Interestingly examination of the 

participant’s dietary intake revealed that participants in the older age groups consumed 

more fruit and vegetables per week, reflecting the increased awareness of the need for 

healthy food choices amongst the elderly. According to results, participants were more 

knowledgeable about healthy food choices in terms of types of oil used in preparing 

meals, additional salt intake, amount of carbonated drinks and fat content consumed 

but the data may be skewed as the questionnaire does not measure oil and salt usage 

during the preparation of meals. The same argument could be made about fatty food; 

the participant’s perception of food high in fat is not accounted for in the study. 

 

In this study, we also analysed the effect of salt intake on blood pressure. Table 4.8 

(4.8.1 – 4.8.2) illustrates the effect of additional salt intake on the blood pressure per 

gender. The blood pressures of the subjects below the age of 45 were within the norm 

range and not considered to be hypertensive. Participants over the age of 45 had higher 

blood pressures on average. A moderate correlation was distinguished between age 

and mean systolic blood pressure (r= 0.425, p= <0.001). Dietary salt appears to be the 

most important contributing factor behind raising blood pressure (82). An increase in 

salt intake increases the stiffness of arteries with recent studies showing a decrease in 

salt intake reduces the artery wall thickness independent of the blood pressure (83). 

From this analysis, we can surmise that older participants in this cohort do make 

conscious healthier choices regarding their dietary patterns. 

 

The other lifestyle patterns investigated in this study were smoking and alcohol 

consumption which are known to exacerbate CV risk (84). Although males accounted 

for a third of the sample population, they had a higher percentage of the smoking (23%) 

and alcohol intake (46, 4%) as compared to females (17%). This is in keeping with 

Wallace et. al. (2002) (85) and Nolen-Hoeksema (2004) (86), who found similar results. 

The relationship between smoking and body weight has been studied for many years 

with most studies finding that smoking and body weight are inversely related (84, 87). 
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Our results indicate a strong negative correlation between smoking and weight (r= -

0.590, p=0.044).  

 

It is well described that Indians have higher body fat or abdominal obesity even at 

normal levels of BMI (16). The strongest correlations (Table 4.21) suggest that increase 

in waist circumference was actually a manifestation of general obesity (as indicated by 

neck circumference, mid-arm circumference and mean triceps skinfold thickness) in 

these subjects. This indicates that adipose tissue this cohort is not only distributed 

centrally but also there is an overall increase in body fat in keeping with general obesity. 

Our findings indicate this cohort is characterised not only by abdominal obesity 

secondary to insulin resistance and MS, but also increased BMI levels. 

 

In this study we also investigated the relationship between body morphometrics and 

glycemic indices (Table 4.20). The strongest correlations were seen between fasting 

insulin and body weight, waist circumference, hip circumference and mean triceps 

skinfold, with significant but weaker correlations for other glycemic indices. The results 

reinforce the effect that dysglycemia has on the body’s ability to control weight. 
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5.2 Conclusion and recommendation  

 

This is the first epidemiological study in South African Indians that has revealed a high 

prevalence of physical inactivity and obesity in this cohort, both in metabolic syndrome 

subjects and in controls. The majority of participants had developed both central and 

general obesity. Our study has also shown a high prevalence of insulin resistance and 

increased body morphometric measures all of which contributed to the development of 

MS. In addition, new independent determinants of metabolic syndrome (neck 

circumference in males and glycemic indices in females) were identified. 

 

Health problems related to physical inactivity have become a global health challenge 

affecting people across the spectrum of income, age, and ethnicity.  While advances in 

medicine have been accompanied by an increase in life span, at the same time, 

modernisation and western patterns of lifestyle have led to an increase in the exposure 

to risk factors for chronic diseases (1). Although genetic factors and age contribute to 

the risk of CVD, our sample shows other factors such as hypertension, 

hypercholesterolemia, insulin resistance, diabetes, and a predominance of lifestyle 

factors such as smoking, diet and physical inactivity which  are also associated with 

CVD (88). The relationship of physical inactivity to CVD mortality is independent of the 

combination of the abovementioned risk factors (37). Although physical inactivity has 

pronounced effects on CV risk, the prevalence of physical inactivity, health beliefs and 

knowledge of the risks of inactivity has rarely been assessed in both developed and 

developing countries (65). This study addresses the gap in our knowledge base for CV 

risk factor management: physical inactivity is a risk factor for obesity and modifiable risk 

factor for cardiovascular disease (89).  

Our study revealed that the majority of subjects were physical inactive, which 

predisposed them to developing abdominal and general obesity. In fact both increased 

BMI and abdominal obesity were highly prevalent in this cohort with 50.7% of males and 

74.4% of females fulfilling the modified WHO criteria for obesity. These findings are 

alarming since over 90% of the cohort had a negative family history of obesity thus 

implying the sedentary behaviour pattern this generation has adopted with significant 
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changes to their dietary habits. This pattern is echoed by the fact 90% of the cohort did 

not participate in vigorous physical activity.  

 

 

The study calls for regular vigorous physical exercise and dietary modifications to 

prevent clustering of risk factors into the metabolic syndrome. These measures are 

important especially since obesity and physical inactivity are modifiable. Most studies of 

physical activity have focused on moderate-vigorous leisure-time activity, because it 

involves higher energy expenditure and increase physical fitness, and has been 

demonstrated to decrease the risk of MS. However, for most people it is difficult to get 

a significant amount of physical activity from moderate-vigorous leisure-time activity, so 

that other types of physical activity improve health need to be explored. For example, 

workplace activity may be an option for working populations, because, although 

workplace activities may not be as vigorous in terms of cardio-respiratory effort, they do 

make up a considerable proportion of the total daily physical activity with important 

energy expenditure (42).  

 

Our study shows that the Indian community of Phoenix is at high risk of developing 

cardiovascular non-communicable diseases. The development and implementation of 

community intervention programme to combat physical inactivity and obesity is urgently 

required in this group. There is an exceptional need for health care workers to recognise 

the importance of MS especially given the high prevalence of coronary artery disease 

and diabetes in South African Indians (72).   
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APPENDIX B: THE MODIFIED WHO STEPS QUESTIONNARIE 
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