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Abstract

Cholesterol is an important determinant of atherogenesis. However, populations of African
ancestry have low total and LDL cholesterol concentrations (anti-atherogenic), but elevated
triglyceride concentrations and low HDL concentrations (pro-atherogenic). The role of
circulating lipids in atheroma formation in groups of African descent is uncertain. Therefore,
in the current study I evaluated whether circulating lipids are independently associated with
carotid intima media thickness (C-IMT), a surrogate marker of atheroma, in an urban
developing community of African ancestry in SOWETO South Africa. 430 participants were
randomly selected. C-IMT was determined from Doppler images of the carotid artery using a
SonoSite (SonoCalc™ IMT) version 3.4 device. In bivariate analysis total cholesterol,
total:HDL cholesterol ratio, LDL cholesterol and triglyceride concentrations were all
associated with C-IMT (r=0.24 to r=0.26, p-values <0.0001) as were all indices of obesity (r=
0.16 to 0.30, p<0.001). However, in multivariate models which included adjustments for age,
clinic systolic blood pressure, diabetes mellitus, smoking, treatment for hypertension, regular
alcohol intake, heart rate and postmenopausal status (in women) neither the lipid variables
nor the indices of obesity remained associated with C-IMT (total cholesterol r=-0.01,
p=0.884; LDL r=0.02, p=0.682; TRGL r=-0.01, p=0.832; HDL r=-0.04, p=0.371; total:HDL
cholesterol ratio r=0.02, p=684). In multivariate regression analysis only age (p<0.0001) and

gender (p< 0.05) were independently associated with C-IMT.

In conclusion, the current study shows that in an urban developing community of African
ancestry with low cholesterol concentrations and a high prevalence of obesity there is no
independent relationship between either circulating lipid concentrations and C-IMT or
measures of obesity and C-IMT. However, age and gender independently predicted C-IMT in

this population.
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Preface

The high incidence of cardiovascular (CVD) morbidity and mortality has reached epidemic
proportions worldwide. It is estimated that in South Africa, the age standardized CVD
mortality rates are approximately 350/100,000, which has been explained by the transition
from traditional African lifestyles to a more westernized behavior. Changes in large artery
wall thickness, as measured by increases in the common carotid intima media thickness (C-
IMT), have been shown to predict cardiovascular events such as myocardial infarction and
stroke, and to act as a surrogate marker of atherosclerosis especially in patients who are
asymptomatic. A prospective study showed that every 0.lmm increase in C-IMT had the

potential to increase coronary events by approximately 30%.

A number ?f cardiovascular risk factors ilncluding hypercholesterolemia, obesity,
hypertension, ,diabetes mellitus and smoking have been associated with C-IMT. However, as
obesity and increased cholesterol concentrations often occur together, the question arises as
to whether obesity or cholesterol concentrations have effects on C-IMT independent of each
other. In this regard, although black Africans and African Americans are reported to have
lower cholesterol concentrations than Caucasians, C-IMT values are reported to be higher in
African Americans compared to Caucasians. However, black Africans and African
Americans have a higher prevalence of obesity than Caucasians; hence it is possible that
obesity may impact on C-IMT irrespective of cholesterol concentrations. However, to-date
the data are unclear on this issue. One of the difficulties in addressing this issue is the strong
association between obesity and lipid profiles in most populations. However, a population of
black Africans living in South Africa was noted to have a high degree of adiposity (66%), but

normal to low lipid levels. This population is therefore ideal to address the possible impact of

obesity on C-IMT independent of the effects of lipids.

Xiv



Hence, in the current study I aimed to determine the association of measures of obesity,
cholesterol concentrations and other conventional cardiovascular risk factors with C-IMT in
people of African ancestry with a high percentage of obesity and low cholesterol
concentrations. In particular I addressed whether indices of obesity independently predict C-
IMT and/or measures of lipid profile independently predict C-IMT in the whole population as
well as in gender-specific groups. In chapter 1, I therefore discuss the measurement of C-
IMT, mechanisms of changes in C-IMT and the association between various cardiovascular
risk factors with C-IMT particularly focusing on cholesterol and obesity or the potential
interactive effects thereof. In chapter 2, I describe the methods used to collect the C-IMT,
anthropometric and lipid profile data. The results of my study are presented in chapter 3, and
then in chapter 4, I discuss my data in comparison to the literature and propose possible
mechanisms. The results emanating from this study will go a long way in adding value to the
scientific knowledge on prevention, diagnosis and treatment of cardiovascular disease

particularly in populations undergoing economic transition.
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Chapter 1

Introduction



1.0 Introduction

The global population continues to experience a high rate of mortality and morbidity from
cardiovascular disease (CVD) (Lerner and Kannel 1986, Lopez et al. 2001, Strong et al.
2007). It i1s estimated that in South Africa the age standardized CVD mortality rates are
approximately 350/100,000 (Bradshaw et al. 2003) and this can be explained by the transition
from traditional African lifestyles to a more westernized behaviour (Hamer ef al. 2011).
Cardiovascular related high mortality rates of 195 people per day were noted in South Africa
between the year 1997 and 2004 (Steyn & Fourie, 2007). Large artery changes have been
associated with cardiovascular events including strokes (O’Donnell er al. 2008). In this regard
increases in the common carotid intima media thickness (C-IMT), a measure of arterial wall
thickness, has :been shown to predict cardiovascular events such as myocardial infarction and
stroke (Lorenz er al. 2006), and to act as a surrogate marker of atherosclerosis especially in
patients who are asymptomatic (Pignoli et al. 1986; Veller er al. 1993; Ebrahim ef al. 1999;
Belcaro ef al. 2001; Clement et al. 2003; Sharma ef al. 2009,). Indeed, a prospective study by
Raitakari et al. 2003 showed that every 0.lmm increase in C-IMT had the potential to
increase coronary events by approximately 30%. Furthermore in a large 10-year follow-up of

10000 asymptomatic subjects it was shown that those subjects who were at a higher risk of

future cardiovascular events had greater presence of stenosing plaques (Belcaro et al. 2001).

A number of cardiovascular risk factors including hypercholesterolemia, obesity,
hypertension, diabetes mellitus and smoking have been associated with C-IMT (Connor et al.
2009; Ebrahim et al. 1999; Sharma et al. 2009). The association of cholesterol concentrations

with C-IMT 1is well documented (table 1.1). More recently obesity which is one of the



important risk factors for CVD (Manson et al.1995; Bray, 2004), has been shown to be

associated with increased C-IMT (table 1.2). However, as obesity and increased cholesterol



Table 1.1 Summary of main studies showing an association between cholesterol concentrations and C-IMT

Authors Type of study Age Methodology Findings
Salonen & Population based sample of 42-60 yrs ATL UM4 duplex ultrasound Serum LDL cholesterol concentration associated with C-IMT (beta = 0.125, p <0.0001) in
Salonen 1224 Caucasian  Eastern system with a 10 MHz transducer | multivariate regression analysis (adjustors=age, ambulatory pulse pressure, smoking, history
1991 Finnish men. in B-mode & 5 MHz transducer in | of ischemic heart disease, systolic BP, diabetes mellitus, Eastern Finish origin, serum copper
pulsed Doppler mode. concentration).
Davis et al. Cohort follow up (25 yrs) 33-42 yrs B mode ultrasound system Young adult and current LDL cholesterol concentrations associated with increased C-IMT
2001 study of 725 men and women. biosound phase 2. in both men (OR=1.39 & 2.00 respectively) and women (OR=1.54 & 1.74 respectively) in
multivariate analysis (adjustor=age).
Baldassarre Cohort of 559 {talian men & Mean age Ultrasonography using an 8- LDL cholesterol concentration associated with increased C-IMT (beta= 0.00075, p=
et al. 2002 women with hyperlipidaemia. 53 yrs MHz transducer. 0.0024) in multivariate regression analysis (adjustor=age, systolic BP, glucose).
Urbina et al. Cohort of 518 men and 20-38 yrs Ultrasound with a 7.5 MHz linear | LDL and HDL cholesterol concentrations associated with C-IMT in multivariate
2002 women from Bogalusa Heart array transducer. regression analysis (partial r=0.13 & 0.09 respectively) (adjustors=age, race, gender, BMI,
Study (65% Caucasian) waist circumference, systolic BP, diastolic BP, log triglycerides, log insulin, glucose).
Raitakari et Cohort follow up (21 yrs) 24-39 yrs Ultrasound mainframes using Childhood 1.DL. cholestero! concentration (beta=0.003, p=0.001) associated with adult C-IM1
al. 2003 study of 2229 Caucasian men 13.0 MHZ linear array in multivariate regression analysis (adjustors=age, sex).
and women. transducer.
Lorenz et al. 5056 male German 19-90 yrs Ultrasound with a 7.5 to 10.0 LDL cholesterol associated with increased C-IMT (p<0.0001) in univariate analysis.
2006 participants of the Carotid MHz linear array
Atherosclerosis  Progression transducer.
Study
Sarmento et 18 women undergoing Mean age Ultrasound with a 7.5 to 10.0 Decrease in triglyceride concentration associated with decrease in C-IMT.
al. 2009 bariatric surgery 44 yrs MHz linear array transducer.
Paul er al. Cohort of 518 men and 24-43 yrs Ultrasound with a 7.5 MHz linear | Total:HDL cholesterol ratio associated with C-IMT in multivariate regression analysis
2011 women from Bogalusa Heart array (partial r=0.18, p<0.05) (adjustors=age, race, gender, BMI, waist circumference, systolic
Study (71% Caucasian) Transducer. BP, diastolic BP, smoking LDL cholesterol)




Table 1.2 Summary of main studies showing an association between obesity and C-IMT

Authors Type of study Age Methodology Findings

Ciccone et Cohort of 120 healthy Italian 18-45 yrs Ultrasonography using an 8-MHz | Plasma leptin and BMI associated with C-IMT (p <0.0001 & p<0.01 respectively) in

al. 2001 men and women. transducer. multivariate regression analysis (adjustors=age, gender, rate constant for glucose
diézippearance, systolic BP, log triglycerides, total cholesterol concentration, HDL cholesterol
concentration).

de Michele Cobhort of 310 {talian women. 30-69 yrs B mode uitrasound system BMI and WHR associated with increased C-IMT (p<0.005 & p<0.01 respectively) in

et al. 2002 biosound 2000 II SA. multivariate analysis (adjustor=age, systolic BP, LDL cholesterol concentration,
triglyceride concentration, diastolic BP, smoking, insulin concentration).

Lo et al. Cohort of 100 healthy women 24-59 yrs Ultrasonography using a 7.5 Subcutaneous fat (CT scan) associated with C-IMT (p= 0.01) in multivariate regression

2006 (35% Caucasian, 45% African MHz phased-array transducer. analysis (adjustor=age, race, smoking, systolic BP, diastolic BP, BMI, visceral fat area,

American). cholesterol concentration, LDL cholesterol concentration, HDL cholesterol concentration,

triglyceride concentration, C-reactive protein, insulin resistance).

Naya et al Cohort of 241 Japanese men 18-62 yrs B mode ultrasound with a 5-10 BMI associated with C-IMT in multivariate regression analysis (p<0.0001)

2008 and women . MHz annular array transducer. (adjustors=smoking, systolic BP, insulin, glucose).

Koskinen et Cohort follow up (6 yrs) study Mean age Ultrasound mainframes using Waist circumference associated with C-IMT in multivariate regression analysis (p<0.0001

al. 2009 of 1809 Finish men and 32 yrs 13.00 MHZ linear array (adjustors—age. sex, systolic BP, LDL cholesterol concentration. HDL cholestero

women. transducer. concentration, log insulin, family history of coronary artery disease).

Mabher et al. Cohort of 100 healthy Irish Mean age Ultrasound with a 7 MHz linear BMI and waist-to-height ration associated with increased C-IMT (p<0.01) in multivariate

2009 men and women, 41 yrs array transducer. regression analysis (adjustors=age, gender insulin resistance, HDL cholesterol
concentration, triglyceride concentration, systolic BP).

Skilton et Cohort of 175 Australian men 21-83 yrs Ultrasound with a 8 MHz linear BMI associated with C-IMT (p<0.001) in multivariate regression analysis (adjustors=age,

al. 2009 and women array transducer. gender, smoking, diabetes mellitus, log triglyceride concentration, HDL cholesterol
concentration, LDL cholesterol concentration, systolic BP).

Soliman et Cohort of 996 men and 45-84 yrs Logiq 700 ultrasound machine (no | BMI and waist circumference associated with C-IMT in multivariate regression analysis

al. 2010 women from MESA Study details of transducer given). (p=0.001 & p<0.0001 respectively) (adjustors=age, race, hypertension, diabetes mellitus,

(21% African American)

smoking, cholesterol concentration). Analyses done in men and women separately




concentrations often occur together, the question arises as to whether obesity or cholesterol
concentrations have effects on C-IMT independent of each other. In this regard, it is
interesting that black Africans (Connor et al. 2009) and African Americans (Urbina et al.
2002; Paul et al. 2011) have lower cholesterol concentrations and increased obesity than
Caucasians and yet C-IMTs have been reported to be higher in African Americans compared
to Caucasians (Howard et al. 1993; Arnett et al. 1996; D’ Augostino et al. 1996; Urbina ef al.
2002; Paul et al. 2011). This data would point toward an effect of obesity on C-IMT
irrespective of cholesterol concentration. Indeed, some studies have reported effects of
obesity on C-IMT independent of cholesterol concentrations (using multivariate regression
models) (Ciccone et al. 2001; de Michele et al. 2002; Lo et al. 2006; Koskinen et al. 2009;
Skilton et al. 2009; Soliman et al. 2010). However, this data is not clear, in that some studies
did not adjus& for cholesterol concentrations (Naya et al. 2008), some report that the
relationship with waist circumference was no longer evident after adjustments for lipid
concentrations (Hassinen er al. 2007), and others report an interactive effect (Lakka et al.
2001). Moreover in a weight reduction study, although a reduction in C-IMT was noted, this
was associated with decreases in triglyceride concentrations (Sarmento et al. 2009). One of
the difficulties in addressing this issue is the strong association between obesity and lipid
profiles (Lakka er al. 2001; de Michele er al. 2002; Hassinen et al. 2007). However, a
population of black Africans living in South Africa was noted to have a high degree of
adiposity (66%) (Steyn 2001; Majane et al. 2007; Norton et al. 2009; Maseko et al. 2011%),

but normal to low lipid levels (Maseko et al. 201 1b). This population is therefore ideal to

address the possible impact of obesity on C-IMT independent of the effects of lipids.

Hence, for my MSc I aimed to determine the association of measures of obesity, cholesterol

concentrations and other conventional cardiovascular risk factors with C-IMT in people of



African ancestry with a high percentage of obesity and low cholesterol concentrations. In this
chapter of my MSc I will therefore discuss the measurement of C-IMT, mechanisms of
changes in C-IMT and the association between various cardiovascular risk factors with C-
IMT particularly focusing on cholesterol and obesity or the potential interactive effects

thereof.

1.1 Non-invasive measurements of the carotid artery

The non-invasive measurement of the intima-media thickness of the carotid arterial walls is
done by ultrasound imaging of carotid arteries (figure 1.1) (Poredos, 2004). In the assessment
of cardiovascular risk, ultrasound imaging of the carotid arteries to measure C-IMT is
particularly usieful in the early detection of target organ damage and atherosclerotic lesions
(Pignoli et al. 1986; Veller et al. 1993; Belcaro et al. 2001). Although some authors have
measured the maximum IMT which extends to the external elastic membrane (Toubol er al.
1992); in study designs where only the common carotid artery is measured, investigators have
come to prefer the measurement of the mean carotid IMT (Polak, 2009; Bots et al. 1997,
Toubol et al. 2007). This is the average of the mean IMT measured in the common carotid
arteries (Polak, 2009). Both the near and the far wall of the common carotid arteries were

initially included in this measurement, however the current trend is to limit the C-IMT

measurement to the far wall of the common carotid artery based on the physical constraints of

ultrasound imaging transducers (Bots et al. 1997; Taylor et al. 2002).

We reported on C-IMT values of the left carotid artery because we were more interested in

the association of C-IMT and blood biochemical indices such as LDL cholesterol. The right



Figure 1.
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blood biochemical indices (total cholesterol, LDL cholesterol and blood glucose level) (Luo

etal.2011).

Despite the increasing clinical use of C-IMT in the assessment of cardiovascular risk, there
are no standardized guidelines at this time that define the thresholds for low, moderate, or
high risk (Cobble & Bale, 2010). Currently the American Society of Echocardiography
(ASE) defines high risk as those patients with a C-IMT above the 75 percentile for their age,
sex, and race (Stein ef al. 2008). In the ASE consensus statement C-IMT was considered
increased if it was in the highest quartile (i.e. > 75" percentile for a person’s age, sex and race
(African American and Caucasian), and nomograms of C-IMT values from large, population-
based studies in North America and Europe are provided for reference (Stein et al. 2008,
Howard et al. 1993, Tzou et al. 2007). Importantly, the measurement of C-IMT is a useful
test for reﬁn’ing CVD risk assessment in patients, provided they do not already have
conditions that indicate high CVD risk (such as established CVD or risk equivalent

conditions) (Stein ef al. 2008).

In addition to the measurement of C-IMT, more advanced vascular disease (such as occurs in
patients with high CVD risk) is identified by the presence of carotid plaque which is defined
as a focal thickening increase of >1mm (McQuillan er al. 1999). In pathological terms
atherosclerotic plaque is defined as the thickness of the wall from the lumen to the internal
elastic membrane. Carotid plaque formation tends to be greater in people with a thicker C-
IMT in cardiovascular disease (Bonithon-kopp et al. 1996), implying that those with an IMT
at or above the 75™ percentile would most likely have a plaque formation. However, as the
population that I assessed did not have high CVD risk (only 4% had established CVD)

(Norton et al. 2012), I did not assess carotid plaque in the current study.



1.2 Effects of cholesterol on arterial wall thickness

One of the primary factors responsible for increases in arterial wall thickness is an increase in
low density lipoprotein (LLDL) cholesterol (Poredos 2004; Beckett er al. 2000), which plays
an important role in the initiation and progression of atherosclerosis (Naito et al. 1994).
Briefly, an increase in LDL cholesterol initiates the process of atherosclerosis which begins
with LDL cholesterol moving across the plasma membrane and into the intima of the artery
(Jia et al. 2009). The LDL cholesterol is then oxidized and engulfed by macrophages
(transformed mast cells). These cells then undergo apoptosis and release the fat which results
in the formation of a large fat droplet in the intima of the artery. The smooth muscle cells in
the media of the artery proliferate and migrate to the intima, where they are transformed into
fibroblasts. The fibroblasts are responsible for the synthesis of collagen and hence result in
increased ﬁbr;)sis within the intima. Ultimately, the accumulation of fat and fibrosis leads to
leads to the thickening of the innermost layer of the arterial wall and hence an increase in C-
IMT (figure 1.2). An increase in C-IMT will result in lumen narrowing and hence a reduction
in blood flow. In the more advanced stages of atherosclerosis, plaque formation and
endothelial dysfunction occur (Stocker er al. 2004; Tan et al. 2009), which results in further

narrowing of the arterial lumen and a reduction in blood flow.

The potential mechanisms and atherogenic effects of oxidatively modified low density
lipoprotein cholesterol (oxLDL) during the formation of atheroma include chemotactic
activity, which facilitates recruitment of blood monocytes; inhibition of the migration of
macrophages from the arterial wall back to the plasma; enhanced uptake of macrophages
through the scavenger receptors, leading to the formation of foam cells; and cytotoxicity.
These processes lead to the accumulation of LDL in the arterial wall which then

consecutively causes endothelial denudation at a later stage (Steinberg, 1989).
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In addition to increases in LDL cholesterol being implicated in atherosclerosis, a decrease in
high density lipoprotein (HDL) cholesterol also increases atherosclerotic risk (Castelli et al
1989; Beckett ef al. 2000). Physiologically high HDL cholesterol and low LDL cholesterol
concentrations are needed. LDL cholesterol is considered as a “’bad’’ cholesterol as when it
accumulates or increases in the artery it begins to obstruct the artery as described above. In
comparison, HDL cholesterol is considered as a “good” cholesterol as it carries
approximately 20% of the total plasma cholesterol (Castelli er al. 1997). Hence its
physiological role in the body is to remove LDL cholesterol from the blood stream and
peripheral tissues thus transporting it to the liver where it is catabolized and excreted from the
body (Miller & Miller, 1975). It is important to note that the concentration of HDL
cholesterol is inversely proportional to the risk of developing CVD (Third report of the
National Chojlesterol Education program (NCEP), 2001). Ideally there should be a higher
concentration of HDL cholesterol as opposed to LDL cholesterol in the blood. Furthermore,
this inverse association between HDL and LDL cholesterol is mediated by reverse cholesterol
transport which is a transport system caused by a collection of physiological events that
transport cholesterol from peripheral tissues to the liver for further metabolism or for

excretion from the body (Lichtenstein et al. 2006).

Triglycerides are also important in CVD because they have been found to contribute to
dyslipidemia (Bamba & Rader 2007). In dyslipidemia triglyceride levels are abnormally high,
however if they become extremely high they may cause the liver or spleen to enlarge because
many nonesterified fatty acids (NEFA) delivered to the liver are re-esterified into
triglycerides (Ginsberg et al. 2006). Moreover, although the mechanisms are not known,
increased triglyceride concentrations are often associated with decreased HDL cholesterol

concentrations (Wilson & Grundy 2003; Gaziano e/ al. 1997). Most importantly, the risk of
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atherosclerosis increases as total cholesterol and DL cholesterol increases even if the levels

are not high enough to be considered dyslipidemia.

Although there is no doubt that cholesterol is an important factor in determining C-IMT,
populations of African ancestry have relatively low total cholesterol concentrations (anti-
atherogenic) (Omran, 2005); yet evidence from our laboratory shows that people of African
ancestry have elevated triglyceride concentrations (unpublished data). Bearing in mind the
inverse relationship between triglycerides and HDL cholesterol concentrations (Wilson &
Grundy 2003; Gaziano et al. 1997), especially in the presence of metabolic syndrome
(combination of obesity, dyslipidaemia, hypertension, and diabetes mellitus) (Wilson &
Grundy 2003); and that there is a high incidence of obesity and hypertension in populations
of African angestry (Steyn 2001; Majane et al. 2007; Norton et al. 2009; Maseko et al.2011%),
the question a’rises as to whether factors such as triglycerides, HDL cholesterol, obesity and

hypertension contribute towards increases in C-IMT in populations of African ancestry.

1.3 Effects of high blood pressure on arterial wall thickness

Increased systolic blood pressure (SBP) causes structural arterial wall changes which lead to
an increased C-IMT. The potential explanation is that high blood pressure causes thickening
of large elastic and muscular fibers; as well as remodeling (hypertrophy) of small muscular
arteries thus resulting in increased wall to lumen ratio (Thom, 1997). The above mentioned
changes cause the C-IMT to increase due to the increase in collagen fibers which may lead to
arterial stiffening. In addition, high blood pressure is known to enhance oxidation of LDL
cholesterol and decrease endothelial function. Studies in people of African ancestry living in

South Africa show a high prevalence of hypertension in this population group (Steyn 2001;

13



Maseko et al. 2006 Norton et al. 2009; Maseko et al. 2011%). More alarming is that about
50% of these hypertensives are not receiving antihypertensive treatment (Maseko et al.
2011°).

The main contributing factor for untreated hypertension in people of African ancestry could
be the lack of awareness of hypertensive status and lack of regular blood pressure check-ups.
Results from the demographic and health survey conducted on South Africans in 1998 show
that the prevalence rate for hypertension was 11% for men and 14% for women in the whole
South African population (Steyn, 2001). With the cut-off point for hypertension placed at
160/95 mmHg it was noted in other studies on various population groups that women had a
higher rate of awareness amongst all the population groups as compared to men (Asians,
Whites and Africans); however when observing specifically in people of African ancestry one
notes that women have a rate of 64% and men 32%. When compared to other population
groups (Asians [women 85%)] and whites [women 77%, men 64%]) people of African
ancestry had the lowest awareness rate overall (Steyn, 2001). Hence it is likely that similar to
other populations (Salonen & Salonen 1991; Ciccone et al. 2001; Davis et al. 2001; Lo et al.
2006; Naya et al. 2008; Koskinen et al. 2009; Maher et al. 2009), increases in blood pressure
are associated with increases in C-IMT. Hence, in my study I did not focus on the impact of
hypertension on C-IMT. However, populations of African ancestry are characterized by a
high incidence of obesity especially central obesity (Majane et al. 2007), which may or may
not impact on C-IMT in the absence of increased lipid concentrations (see sectionl.0 above).

I will therefore now discuss how obesity could affect the structure of the vasculature.

1.4 Effects of obesity on arterial wall thickness

The prevalence of obesity in South Africa has increased dramatically over the past few years.

Indeed, studies report approximately 60% of populations of African ancestry to be
14



overweight or obese (Steyn et al. 2005; Majane et al. 2007; Norton et al. 2009). With regards
to the possible impact of obesity on C-IMT, some studies have reported an association
between obesity and C-IMT which is independent of blood pressure (BP) and cholesterol
concentrations (Ciccone et al. 2001; de Michele et al. 2002; Lo et al. 2006; Koskinen ef al.
2009; Maher et al. 2009; Skilton et al. 2009, see table 1.2). The mechanisms of the effects of
obesity on C-IMT are not known; but C-IMT is associated with increases in leptin
concentration due to increases in obesity (Ciccone ef al. 2001). However, although in
elderly women increases in C-IMT over a 12 year period were associated with increases in
waist circumference (WC) and hip circumference (Hassinen ef al. 2007); this association
between C-IMT and WC did not survive adjustments for triglycerides which were elevated in
relation to the increases in WC (Hassinen ef a/. 2007). Although, reductions in body weight
in obese subjects are reported to be accompanied by decreases in C-IMT, these changes in C-
IMT are also accompanied by reductions in BP and cholesterol (Sarmento et al. 2009). Hence
the independent role of obesity on C-IMT has been questioned. Indeed, in most obese
populations cholesterol concentrations are increased. Hence the high prevalence of obesity
and yet relatively low cholesterol concentrations in populations of African ancestry provides
the ideal opportunity to assess the possible independent role of obesity on C-IMT.

Alternatively, obesity and cholesterol may have interactive effects on the vasculature.

1.5 Interactive effects of obesity and cholesterol on arterial wall thickness

Fairly recently, a retrospective study by Kotsis ef al. 2006 in 3173 participants showed that
C-IMT increased progressively across categories of body mass index (BMI) (underweight,
normal, overweight and obese) according to National Institutes of Health criteria (NIH
guidelines, 1998). After multivariate analyses in obese participants (BMI > 30 kg m?, n=134)

only fasting serum glucose was independently associated with C-IMT, although age and
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fasting serum cholesterol levels were the next most important factors in the multivariate
model. In overweight participants (BMI 25-29.9 kg m?, n=249), age, male gender, and
fasting serum cholesterol levels were independently associated with C-IMT; and in normal
weight participants (BMI 18.5-24.9 kg m™, n=144); 24-hour pulse pressure (PP), duration of
hypertension and age were independently associated with C-IMT. (The smaller sample size
of obese participants may have resulted in the failure of fasting cholesterol levels to achieve
significance). Although no formal interactive analyses were performed in this study
(individuals were categorized according to BMI), this data points toward possible interactive
effects of obesity and cholesterol on C-IMT. Indeed, a study in young adults showed that
increases in WC and LDL cholesterol predicted the progression of C-IMT (Koskinen et al.
2009). Although WC increased over the 6 year follow-up period the highest mean value (in
those aged 45 years) was 90cm. Bearing in mind that an increased WC in women is > 8§8cm
and in men is > 102cm (Third report of the National Cholesterol Education program 2002 ), it
is unlikely that many of these subjects were obese. Hence, to date no study has assessed in a
population with a high degree of adiposity, whether obesity has an interactive effect with

cholesterol on C-IMT.

1.6 Possible gender specific effects of obesity and cholesterol on C-IMT

The distribution of fat appears to be important in determining the relationship between
measures of obesity and C-IMT in gender specific groups. ““Subcutaneous’” obesity is very
common in pre-menopausal women; whereas in both men and post-menopausal women,
“‘visceral” obesity is more prevalent (Garaulet ef al. 2002; Majane et al. 2007; Norton et al.
2009). The accumulation of fat in peripheral areas (subcutaneous fat) in pre-menopausal

women appears to be the consequence of oestrogen effects on visceral adipocytes (Garaulet ef
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al. 2002). However, in women the relationship between subcutaneous abdominal fat area and
C-IMT (p=0.010) is stronger than the relationship between visceral abdominal fat area and C-
IMT (p=0.092) (Lo ef al. 2006). BMI does not distinguish between fat mass and fat free-mass
since it is based on only body weight and height, and hence it has limitations as an indicator
of adiposity (Prentice & Jebb 2001). The stronger associations of cardiovascular disease risk
factors with body fatness that have been observed with the subscapular skinfold thickness in
comparison to BMI may reflect the importance of fat distribution (Freedman er a/. 2009).
With regard to total cholesterol, men have higher cholesterol concentrations than women. In
addition, men have higher LDL cholesterol concentrations and lower HDL concentrations
than women (Castelli er al. 1989). Chien et al. 2008 suggest that the reason men have greater
C-IMT than women is because men develop atherosclerosis at an early stage since they are
predisposed at birth. This suggests that the increased C-IMT in men could be due to genetic
inheritance. Hence cholesterol and obesity, and their possible interactive effects on C-IMT

need to be assessed in gender specific groups.

1.6.1 Gender effects on obesity

The prevalence of obesity has reached alarming levels over the last few years which is a
major concern for South Africa and the global community at large and it is one of the major
health risk factors in the new millennium The etiology of obesity is an imbalance between
energy ingested in food and the energy expended. The excess energy is stored in fat cells that
enlarge thus increasing in number (Bray, 2004), resulting in the development of obesity.
Excess fat results in metabolic changes which may cause risks such as diabetes mellitus,
gallbladder disease, hypertension, CVD and some forms of cancer (Bray, 2004). In the

Nurses’ health study, the risk of death was found to be high in women with a BMI above 29
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kg m? (Manson et al. 1995), and in hypertensive men, myocardial wall thickness was
associated with plasma leptin, independent of body weight and blood pressure (Paolisso et al.
1999). The accumulation of fat in adults is related to gender (Seidell et al. 1988), and in this
regard obesity is predominant in women of African ancestry when compared to their male
counterparts (Puoane et al. 2002). Hence the possible impact of obesity on C-IMT needs to

be assessed in gender specific groups.

1.6.2 Gender effects on cholesterol

It is estimated that on average women develop heart failure 10 to 15 years later than men
(Rossouw, 2001). During the first 30 years of adult life, LDL cholesterol levels are lower in
women than'in men, and this may be the reason for a delayed onset of coronary heart disease
(CHD) in women. Oestrogen benefits women by lowering LDL cholesterol and increasing
HDL cholesterol levels and furthermore has antioxidant properties, and improves endothelial
function (Mendelsohn and Karas, 1999). Schaefer er al. (1994) found that aging was
associated with higher levels of LDL cholesterol and apo B levels in both men and women;
thus age may cause impairment of LDL cholesterol catabolism and ultimately reduce the
activity of LDL receptors in the liver hence causing an increase in LDL cholesterol levels in
both men and women. Nevertheless, because of the effects of estrogen in pre-menopausal
women, it is important to assess the impact of cholesterol on C-IMT in gender specific

groups.
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yrs); however this study only performed bivariate analyses (no multivariate analyses were
performed). Similarly, most of the studies assessing the impact of obesity have only
assessed young participants (table 1.2) (Ciccone et al. 2001, 18-45 yrs; Koskinen et al.
2009, mean age = 32 yrs; Lo et al. 2006, 24-59 yrs), a fairly narrow age range of
participants (de Michele et al. 2002. 30-69 yrs) or only older participants (Soliman et al.
2010). Although in the study by Maher et a/. 2009, the mean age was 41 years, participants
were specifically selected on the basis of normal cholesterol and normal blood pressure
values. Naya e al. 2008 assessed participants who ranged in age from 18-62 years but they
were not able to show a relationship between age and C-IMT. Only one study (Skilton ef
al. 2009) assessed participants over the full adult age range (21-83 yrs); however in this
study the maximum BMI was only 28 kg/mz. Hence, these studies have not adequately
addressed the possible independent impact of obesity and/or cholesterol on C-IMT at a

population level.

1.8 Ethnic differences in C-IMT

Several studies have shown that the structure and function of the heart in cardiovascular
disease varies amongst different ethnic groups. Bearing in mind that C-IMT is a good marker
of coronary heart disease (CHD) (Bensen et al. 1999, Chien et al. 2008), the association
between family history of CHD and pre-clinical carotid artery atherosclerosis was
investigated. Bensen et a/. 1999 found no relationship between CHD and C-IMT in African
men. However they found an association between CHD and C-IMT in Caucasian men and
women. The ethnic difference in the relationship was attributed to the fact that the Caucasians
had elevated cholesterol levels, and hence they were more likely to develop atherosclerosis

leading to the narrowing of the coronary arteries. However, in contrast to what Bensen et al.
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(1999) found, several authors have reported that C-IMT is higher in African Americans than
in Caucasians (Howard ef al. 1993; Arnett et al. 1996; D’ Augostino et al. 1996; Urbina et al.
2002; Paul er al. 2011). Hence, it is imperative to investigate the impact of measures of
obesity and cholesterol concentrations on C-IMT in people of African ancestry with a high

percentage of obesity and low cholesterol concentrations.

1.9 Problem Statement

To my knowledge there are no studies across the full adult age range that assess the factors
associated with increases in C-IMT in populations with low cholesterol concentrations and
yet a high incidence of overweight and obesity. To adequately address this issue the possible
interactive effects of gender on the relationship between obesity and / or cholesterol on C-

IMT need to Be assessed.

1.10 Objectives
The primary objectives of the current study were therefore to determine, in an adult
population of African ancestry with low cholesterol concentrations and yet a high incidence

of overweight and obesity, whether:
1. indices of obesity independently predict C-IMT
2. measures of lipid profile independently predict C-IMT

3. indices of obesity and / or measures of lipid profile independently predict C-IMT in

gender-specific groups

21



4,

there is an interactive effect of obesity and cholesterol on C-IMT in the whole

population and/or in gender-specific groups.
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Chapter 2

Methods

23



2.0 Methods

2.1 Study Participants

The study was approved by the University of the Witwatersrand Committee for
Research in Human Subjects (approval number: M02-04-72 renewed as M07-04-69) and
conducted according to the principles outlined in the Declaration of Helsinki. Participants
gave informed, written consent. This study is part of the ongoing African Project on Genes in
Hypertension which has previously been described (Shiburi ef al 2006; Maseko et al. 2006;
Majane er al. 2007). South Africans of black African ancestry from nuclear families of the
predominant chiefdoms (tribes) of the area (Nguni, Sotho and Venda) with common ancestral
backgrounds. were randomly recruited from a metropolitan area of Johannesburg (South
Western Townships-SOWETO). Nuclear families were recruited if at least one or two

offspring of at least 16 years of age and one or both parents were available for examination.

Of the 538 South Africans of black African ancestry randomly recruited for the
measurement of carotid intima media thickness, 430 men and women had complete and high
quality common carotid intima media thickness (C-IMT) images, full lipid profile data, and

all anthropometric measurements.

2.2 Clinical, demographic and anthropometric measurements

A standardized questionnaire was administered to obtain demographic data and
information on each participant’s medical history, smoking habits, intake of alcohol, use of
medication and menopausal status. The questionnaire was explained to the families at an

initial home visit and then subsequently completed in the presence of trained study assistants
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at an office visit where questions could be answered. At a second home visit, medications,
alcohol consumption and tobacco use in the household was compared against those reported
in the questionnaire. Menopause was confirmed with measurement of follicle stimulating

hormone concentration (Bayer, Leverkusen, Germany).

Body height and weight were measured with the participants standing and wearing
indoor clothes with no shoes. Body mass index (BMI) was calculated as weight in kilograms
divided by the square of height in meters. Waist circumference (WC) was measured at the
end of gentle expiration, at the point midway between the lowest rib and the iliac crest with
the subject standing. Hip circumference was measured to the nearest 0.1 cm of the girth at the
maximum posterior protrusion of the buttocks while the subject was standing upright. Waist-

to-hip ratio was then calculated.

Triceps and subscapular skin-fold thickness were determined using a Harpenden skin-
fold calipers and the mean of these values was obtained for statistical analyses. The triceps
skinfold measurement was made at a point over the triceps muscle, midway between the
acromion and olecranon processes on the posterior aspect of the arm by grasping a vertical
fold of skin, using the thumb and the forefinger. To identify the subscapular skinfold
measurement site, the participant placed his/her left arm behind their back. The measurement
site was then marked just below and laterally to the angle of the left shoulder blade. The
participant then relaxed the left shoulder and the arm was placed to the side of the body. The
caliper was then held at the marked site with the fingers on top, thumb below, and the
forefinger on the site of the lower tip of the scapular. Caution was taken for the skinfold to be
angled at 45° from the horizontal, in the same direction as the inner boarder of the scapula

(medially upwards and laterally downward). The caliper was then used at a 45° angle.

25



Participants were identified as being overweight if their BMI was >25 kg/m” and obese if
their BMI was >30 kg/m?. Furthermore, abdominal obesity was identified if WC was > 88 cm

in women and >102 ¢m in men.

2.3 Clinic blood pressure (BP)

Trained observers measured brachial artery BP using a mercury sphygmomanometer.
The participants were seated and asked to rest for 10 minutes. The observers measured the
participants’ sitting BP five consecutive times. Systolic and diastolic (phase V) BP were
determined to the nearest 2 mm Hg according to the recommendations of the European
Society of Hypertension (O’Brien ef ¢l. 2003). Standard cuffs with an inflatable bladder with
a length of 32 ¢m and a width of 12 cm were used unless the arm circumference exceeded
31 cm, then larger cuffs with a 31 x 15 cm bladder were employed. The five readings were

averaged to obtain single systolic, diastolic and mean arterial BP reading.

2.4 Lipid Profile

The concentrations of total and HDL cholesterol were determined at the National
Health Laboratory Services (NHLS) situated at Charlotte Maxeke Johannesburg Academic
hospital. Venipuncture was performed after a 12-hour fast. Cholesterol concentrations in
serum were analyzed with a cholesterol reagent on the Advia chemistry instrument (Siemens,
South Africa) (Urbina et a/.2002). Serum HDL cholesterol concentration was analysed by
applying both heparin-calcium precipitation and agarose gel electrophoresis (Urbina et al

2009). LDL cholesterol was determined by subtraction using the Friedewald formula.
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Friedewald formula: LDL = Total cholesterol - HDL - ([Triglycerides]/5)

The Friedewald formula should not be used under the following conditions:
- When chylomicrons are present.
- When plasma triglyceride concentration exceeds 400 mg/dL (4.52 mmol/l).
- In patients with dysbetalipoproteinemia (type III hyperlipoproteinemia).

In circumstances in which these conditions apply, LDL cholesterol should be measured
directly. In the current study no participants had triglyceride concentrations which exceeded

4.52 mmol/l (the maximum triglyceride concentration in the sample was 4.20 mmol/l).

2.5  Other laboratory tests

Standard laboratory tests of renal function, liver function, haematological parameters,
blood glucose, and glycated haemoglobin (HbA1C) were performed. Diabetes mellitus or
inappropriate blood glucose control were defined as the use of insulin or oral hypoglycaemic

agents or an HbAlc (Roche Diagnostics (Mannheim, Germany) >6.14% (Bennet ef al. 2007).

2.6 Carotid intima-media thickness

Common carotid artery intima media thickness was determined using a SonoSite
(SonoCalc™ IMT) version 3.4 through doppler imaging (B-mode ultrasonography) with a
high frequency linear probe (HFL38X/13-6 MHz) (figure 2.1). The patient’s data and images
were captured and saved on the ultrasound system (SonoSite MicroMaxx, USA) then

transferred to a personal computer using SiteLink Image Manager for further analysis.
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2.7 Examination of the carotid intima-media thickness (scanning technique)

The patient’s identification data (including participation number, age, gender,
ethnicity, blood pressure) was entered on the ultrasound system and a file set up.
Examinations were done with the participant lying down using a linear ultrasound probe to
capture images. Ultrasound gel (SSEM Mthembu Medical [Pty] Ltd, South Africa) was
applied to the probe to act as a conductor, hence enhancing image quality by eliminating air
bubbles that could be trapped between the participant’s skin and the ultrasound probe.
Participants were then asked to turn their heads slightly away from the side on which the

measurements were being taken.

The examination was started in a transverse orientation by positioning the probe low
in the neck with the orientation marker facing towards the patient’s back, down towards the
bed. The probe was then moved slowly up the neck until the common carotid artery, thyroid
gland and often the jugular vein were clearly distinguishable (figure 2.2). This generally
allows an overview of the vessel orientation, wall thickness, plaques, and surrounding
structures. The probe was then placed on the common carotid artery and then the probe was
turned to the horizontal orientation until widening of the common carotid artery was

achieved.

Measurements were made bilaterally (both on the left and the right sides of the neck)
from three angles; lateral or direct, anterior and posterior views (figures 2.3 -2.5). For the
lateral view, the probe was positioned directly perpendicular to the neck at approximately a
45 ° angle to the shoulder. For the anterior view, the probe was moved to the front of the neck
roughly perpendicular to the shoulder and for the posterior view the probe was moved to the

side of the neck roughly parallel with the shoulder.
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In addition, the saved images were transferred to a personal computer with a SonoCalc.
program (Sonosite, Inc.) for the manual examination and confirmation of the C-IMT at a later
stage. The mean C-IMT from the lateral (direct) angle, as this is the most accepted
measurement (Casella ef al. 2008), was recorded for each participant and a report generated
(figure 2.8). The average of each participant’s mean C-IMT was compared to results of large
reference populations (table 2.1) and interpreted for cardiovascular disease risk assessment

based on percentile analysis.
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Appendix 1 Common carotid artery carotid intima-media thickness values and petcentiles from iarge North American cohort
studies
A’.U:Mea.'\ tar wall common carolid artery carotid intima-matha thickness values from the Atherosclarasis fisk in Communities Stuay™
" Right
White mate White female Black male Black fernale
Age.
y/parcentila 45 55 65 45 55 GS 45 35 65 45 55 65
25th 0.496 06.572 0.648 0.476 0.542 0.608 0.£14 0.614 0.714 0.518 0.578 0.638
50th 0.570 0.664 3.758 0.526 0616 0.696 0.604 0724 0.844 0.588 0.688 0.748
7Eth 0.654 0.774 1.894 0.610 6.710 ¢.810 0.700 0.850 1.000 0.664 0.784 0.864
CLent
White male White femala Black iale Black fermals
Age,
y/percentile 45 &5 B5 45 55 55 48 55 65 45 85 85
25th 0.524 0.588 0.652 0472 0.540 0.608 0.830 0.610 0.690 0.494 0.958 C.622
50th £.598 C.684 C.770 0.538 0.622 0.706 0.614 0.7°4 0.834 .566 0.646 726
75th 0.690 0.806 .922 1.610 0.710 0.810 c.704 0.84D 0.976 0.644 0.748 0.852
B: Maximum far wall commaen carotid arfery carotid intima-media thickness values from the Bogalusa Heart Study™
Right ‘
White male White fernale Slack male Biack fornate
Age,
yipercantile 28 30 35 40 25 ao 35 40 25 30 35 40 25 30 35 40
25th , 0611 0636 0.662 0.887 0562 0586 0611 0835 0637 0675 0.712 0750 0.618 0850 0685 0.719
S50th 0863 0702 0740 0.778 0.633 0654 0676 0697 0719 0755 0793 0830 0.662 0.718 0754 0.790
75t 0.768 0.807 0.845 0.88¢ 0717 0735 0754 0772 0839 0884 0928 0874 750 0.793 0837 0.880
" Lon
White mate Whita female Black male Black fernale
Age,
yipercontie 25 30 35 40 25 30 35 40 25 30 35 40 25 30 35 40
2%t 0577 Q.617 0.658 0698 0554 0.586 0618 0650 0B4a0 D676 0713 Q748 0.5387 €629 0670 0712
50th 0.655 0707 0760 082 062t 0857 0883 0729 0736 O.?}"M 812 0850 0.646 0691 0736 0781
75th 0.763 0.814 0.864 095 0680 0713 0766 (0813 €794 0.844 08584 0944 0714 0768 0822 0878
&, Maxirnum near and Tar wall commuan carotid arery carolid intima-media thickness Values from the CHS Study [Alice M. Arnold, PhD, personal
communication, December 2006)
Male Female
Age,
y/percentite 65-69 70-74 75-79 80-84 85+ 66-69 70-74 75-79 80-84 85+
25th 0.94 0.85 1.0G 1.03 108 6.87 0.85 0,92 0.96 0.499
501 1,03 1.07 1.10 1.45 118 1.66 .99 1.02 .05 112
o - I8} ” "}

D. Common carotid artery carofid intimn-maocha thickness values from the-Multi-Ethaic Study of Atheroselerosis Study [Rubyn L. MeClelland, PhD, personal

cornmunication, January 2007)%

White male White female Black mate Black fernatz
Age,
yipercanlite  45-54  55-64  65.74  75-B4  45-54  55-64  65-74  T5-B4 45-54 5564 65.74  75-B4  45-54 §5.-68 BS&-7T4  75-B4
25th c.52 0.57 0.65 a.72 0.81 0.55 0.85 0,72 0.68 0.61 0.71 0.74 0.55 Q.60 aes oM
50th C.62 0.68 077 0.85 0.28 .65 075 083 .67 0,74 C.85 0.85 0.64 0.71 cre 083
75th 0.75 0.81 0.¢2 0.97 0.87 0.76 .87 0.93 0.80 0.9z 0.89 1.02 0.74 6.91 092 (96

Table 2.1 The reference chart for C-IMT values of various population groups indicating the

percentile ranges for ethnicity, sex and age (Stein ef al. 2008).
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Chinese mnata

Chinese female

Hispanic mals

Hispanic female

Age,
y/porcentile 45-54  55-64 65-74 75-84 45-54 5584 6574 75-84 45-54 55-14 65-74 75-B4  45-54  55-B8  €5-74  75-84
25t C.54 0.56 0.62 0.66 0.55 0.54 C.53 0.67 0.53 0.6C 0.65 g.71 0.51 0.57 065 3.63
50th 0.64 Q.70 0.73 .79 Q.60 0.63 G.71 0.77 0.62 0.67 0.78 0.81 0.58 0.69 076 078
754 073 (.83 0.92 G.98 Q.70 0.77 0.84 0.96 0.73 0.82 0.80 0.82 Q.67 0.77 0.87 082
Mean tar wali-ieft
Chinese male Chiriese female Hispanic male Hispanic famale
Age,
y/narcentile 45-54  55-64  65-74 75-84 45-%4  65-G4 BA-74 75-84 45-54 55-64 65-74 75-84  45-54 55-64 65.74  75-84
25th 0.55 0.57 0.62 Q.69 G.49 0.62 0.58 0.64 0.55 0.6 0.68 0.72 0.51 0.58 0.62 0.68
S0th 0.63 0.70 0.72 0.84 0.58 Q.63 0.71 0.76 0.64 0.72 0.8D 0.86 0.58 0.688 <072 077
75th 0,73 0.84 .86 0.97 067 072 0.87 0.94 0.7§ 0.85 0.98 0.97 0.68 079 086 0.9
White male Whife female fliack male Black fornale "
Age, 1
y/percentite 45-54 55-54 65-74 75.84 45. 54 55-84 65-74 7584 § 55-84 65.74 55-64 65474
25th 054 057 087 C71 050 055 063 070 063  0.69 059 063
S0th 0.63 0.69 0.81 0.85 0.58 0.64 0.73 0.50 § 0.7% 0.82 0.67 0.78
75th 0.7€ 0.82 0.95 1.00 0.57 Q.75 3.85 0.94 0.92 0.99 0.80 0.90
: Maximum far walj--r
Vhite male White temale Black mals Black female
Age, :
y/pereantile 45.54  55-64  6£5-74 75-84 45-34  65-64  65-74  75-84  45-54 55-64  65-74 75-84 45-54 55-64  65.74  75-84
25th 0,61 0.68 D.73 .83 0.59 0.856 077 c.ez2 0.66 072 0.79 0.83 0.83 072 672 079
50th 6.72 0.79 0.89 0.94 0.67 0.74 0.88 094 Q.77 0.83 0.94 0.96 0.74 C.83 0.87 084
75t 0.87 0.94 1.05 141 0.79 0.88 1.00 107 0.69 1.05 1.4 1.13 0.87 0.84 1056 110
Chinese mala Chinese female Hispanic ale Hispanic female
Age, -
y/percentile 45-54 55-64 65-74 75-84 45-54 55-84 §5-74 75-84 AG-54 §5-64  65-74 75-84 45-54 56-64  B5-74  75-84
25th 0.68 .63 (.68 072 0.682 0.61 C.66 0.72 o8 0e7 G.72 c.78 0.61 0.67 Q.72 072
50th 0.75 Q.79 0.83 0.90 0.72 .72 C.80 0.88 .74 .82 0.68 .89 c.67 0.77 .7 0388
75th (.86 0.94 1.5 1.07 (.83 .82 0.94 1.05 .87 3.95 1.05 1.05 .78 .91 1.00 103
Maximum far wali-laft
White malg White female Biack male Black famale
Age,
y/percentile 45-54  55-64 65-74 75-84 4554 55-64  64-74  75-B4 4554 s5-64  65-74  75-B4  45-54  55-84 6574 7584
25th 0.64 0.68 0.77 0.77 0.61 0.66 n7ye 0.82 0.665 0.7¢ 0.82 Q.83 0.62 0.65 072 077
50th 02.73 0.79 0.90 0.7 0.67 0.77 0.84 0.94 0.79 .88 .93 (.85 0.72 0.78 t84 089
75th 0.89 0.94 1.06 112 c.78 .88 1.00 T C.G4 1.04 1.1 1.1 0.6 £.94 1.03 1.00
Chinese mafs Chinese female Hispanic mata Higpanic famale
Age, )
y/percentite 45-54  55-864  65-74 75.84  45-54  55.64 B5-74 75-84  45-54  55-64  65-74  75-84  45.54 5584 6574 75-B4
25th 0.85 C.64 Q.72 Q.77 .61 .61 G686 0.72 0.62 Q.72 0.77 0.77 0.61 0,66 072 077
50th 2.75 0.79 0.81 0.04 .72 073 0.82 0.83 0.72 0.83 £.94 0.94 0.66 077 083 088
751h 0.88 0,95 1.00 1.06 0.8C 0.83 0.98 1.05 0.88 0.97 1.11 111 0.78 0.89 0.97 1.02

Y, years. All values arg in mm.

Table 2.1 continued, showing reference values for Black males and females (highlighted by

red box).
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Table 3.2 Anthropometric characteristics of study participants.

All Men Women
Sample number 430 152 278
BMI (kg.m™) 29.5+8.3 24.8£6.0 32.1+£8.3%*
Waist circumference (cm) 90.6+18.1 83.7+14.8 94.3+18.6**
Hip circumference (cm) 108.0+15.9 97.6+12.5 113.7+14.7%*
Skinfold thickness (cm) 2.01£1.07 1.26+0.7 2.41£0.97**
WHR 0.84+0.11 0.86+0.11 0.83+0.11*
Overweight (%) 23.0 26.3 21.2
Obese (%) 41.4 15.8 55.4*%

Values expressed as mean (+ standard deviation) or percentages. *p<0.01, **p<0.0001 versus

men. BMI, body mass index; WHR, waist-to-hip ratio.
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Table 3.3 Lipid profiles of study participants.

All Men Women
Sample number 430 152 278
Total cholesterol (mmol.l™") 4.60+1.02 4.35+0.95 4.73+1.04**
HDL cholesterol (mmol.1™") 1.41+0.45 1.39+0.55 1.43+0.39
LDL cholesterol (mmol.I") 2.65+0.90 2.42+0.81 2.77+0.92%**
Triglycerides (mmol.I"") 1.16+0.66 1.19+£0.67 1.15+0.65
Total : HDL cholesterol ratio 3.49+1.17 3.44+1.17 3.52+1.17
Increased total cholesterol (%) 36.0 26.3 41 .4*
Decreased HDL cholesterol (%) 21.9 14.5 25.9%
Increased LDL cholesterol (%) 34.0 23.7 39.6%*
Increased Triglycerides (%) 17.9 20.4 16.5

Values expressed as mean (+ standard deviation) or percentages. *p<0.01, **p<0.001,
##%p<(0.0001 versus men. HDL, high density lipoprotein; LDL, low density lipoprotein. *, As
per European guidelines on cardiovascular disease prevention in clinical practice (De Backer
et al. 2003), total cholesterol>5 mmol.I", LDL cholesterol>3 mmol.I"" and triglycerides>1.7
mmol.I"" were considered as increased; and HDL cholesterol<1.0 mmol.I"! for men and <1.2

mmol.I"" for women were considered as decreased.
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Figure 3.1 Bivariate relationship between C-IMT and age in all participants.
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Figure 3.2  Bivariate relationship between C-IMT and BMI in all participants.
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Figure 3.4  Bivariate relationship between C-IMT and hip circumference in all

participants.
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Figure 3.5  Bivariate relationship between C-IMT and skinfold thickness in all

participants.
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Figure 3.7  Bivariate relationship between C-IMT and total cholesterol concentration in

all participants.
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Figure 3.8  Bivariate relationship between C-IMT and LDL cholesterol concentration in

all participants.
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Figure 3.9  Bivariate relationship between C-IMT and triglyceride concentration in all

participants.
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Figure 3.11 Bivariate relationship between C-IMT and HDL cholesterol concentration in

all participants.
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p<0.0001; triglycerides: r=0.26, p<0.0001; total-to-HDL cholesterol ratio: r=0.24, p<0.0001).
As with the whole group, C-IMT was not associated with HDL cholesterol in either men (r=-

0.05, p=0.55) or women (r=-0.10, p=0.083).
3.5 Multivariate Regression Model with Anthropometric Data

In multivariate models which included adjustments for the potential confounding factors
associated with C-IMT on bivariate analysis (age, clinic systolic blood pressure, treatment for
hypertension, postmenopausal status and diabetes mellitus), none of the obesity indices were
independently associated with C-IMT (table 3.4). Age was strongly and independently
associated with C-IMT in all models (p<0.0001) and postmenopausal status was
independently associated with C-IMT only in the model with waist-to-hip ratio (p=0.037). In
addition, ix} multivariate models which also included adjustments for other potential
confounding factors associated with C-IMT in the literature (heart rate, current smoking,
regular alcohol consumption and gender in addition to age, clinic systolic blood pressure,
treatment for hypertension, postmenopausal status and diabetes mellitus), none of the obesity
indices were independently associated with C-IMT (figure 3.12 and table 3.5). Similarly,
when men and women were analysed separately, none of the obesity indices were associated
with C-IMT independent of age, clinic systolic blood pressure, treatment for hypertension,
postmenopausal status (women only), diabetes mellitus, heart rate, current smoking and
regular alcohol consumption (figure 3.13, table 3.6 and table 3.7). It is possible that the
reason for a negative relationship between WHR and C-IMT in men only may reflect poor
nutrition or a catabolic state in men as their mean BMI was 24.8 kg.m'2 with 11 (7%) men
being below normal range (18.5-24.9 kg.m?. Age was the strongest determinant of C-IMT in
all participants (table 3.5), in men (table 3.6) and in women (table 3.7). In all participants,

gender was marginally associated with C-IMT (table 3.5).
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C-IMT versus Partial R 95% Cl p value

BMI —e— 0.02 -0.08 to 0.11 =0.755

Waist Circumference —e— -0.02 -0.12 to 0.08 =0.663

Hip Circumference —e— 0.01 -0.09 to 0.11 =0.860
Skinfold Thickness —+6— 0.04 -0.051t0 0.14 =0.376
Waist—to—Hip Ratio —o— -0.05 -0.15 to 0.04 =0.271

| | |

-04  -0.2 0 0.2

Partial Correlation Coefficients

Figure 3.12 Multivariate relationships between C-IMT and anthropometric data in all
participants. Age, clinic systolic blood pressure, treatment for hypertension, postmenopausal
status, sex, diabetes mellitus, heart rate, current smoking and regular alcohol consumption

were included in the models.
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Table 3.5 Multivariate relationships between C-IMT and anthropometric data in all study
participants (n=430).

Standardised B-coefficient + SEM p value
Model with BMI
BMI 0.014 £ 0.045 =0.755
Age 0.657 £ 0.056 <0.0001
Female Sex 0.197 + 0.093 =0.0348
Model with Waist circumference
Waist circumference -0.014 = 0.020 =0.663
Age 0.664 + 0.057 <0.0001
Female Sex 0.183 £ 0.091 =0.0449
Model with Hip circumference
Hip circumference 0.008 = 0.045 =0.860
Age 0.657 + 0.055 <0.0001
Female Sex 0.194 £ 0.093 =0.0376
Model with Skinfold thickness
Skinfold thickness 0.041 £ 0.047 =0.376
Age 0.654 + 0.055 <0.0001
Female Sex 0.215 + 0.094 =0.0227
Model with waist-to-hip ratio
Waist-to-hip ratio -0.048 £ 0.044 =0.271
Age 0.675 £ 0.057 <0.0001
Female Sex 0.197 £ 0.090 =0.0288

Models included clinic systolic blood pressure, treatment for hypertension, postmenopausal
status, diabetes mellitus, heart rate, current smoking and regular alcohol consumption in
addition to those indicated. Each of the obesity indices were analysed in separate models.
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Table 3.6 Multivariate relationships between C-IMT and anthropometric data in male study

participants (n=152).

Standardised B-coefficient £ SEM p value
Model with BMI
BMI 0.004 + 0.069 =0.955
Age 0.628 + 0.086 <0.0001
Model with Waist circumference
Waist circumference -0.065 £ 0.076 =0.393
Age 0.660 + 0.093 <0.0001
Model with Hip circumference
Hip circumference 0.007 £ 0.067 =0.917
Age 0.627 + 0.087 <0.0001
" Model with Skinfold thickness
Skinfold thickness 0.049 +0.071 =0.486
Age 0.613 +0.088 <0.0001
Model with waist-to-hip ratio
Waist-to-hip ratio -0.133 £ 0.073 =0.070
Age 0.676 +0.088 <0.0001

Models included clinic systolic blood pressure, treatment for hypertension, diabetes mellitus,
heart rate, current smoking and regular alcohol consumption in addition to those indicated.
Each of the obesity indices were analysed in separate models.
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3.6 Multivariate regression model with lipid profile

In multivariate models which included adjustments for the demographic factors associated
with C-IMT on bivariate analysis (age, clinic systolic blood pressure, treatment for
hypertension, postmenopausal status and diabetes mellitus), none of the measures of lipid
profile were independently associated with C-IMT (table 3.8). Age was strongly and
independently associated with C-IMT in all models (p<0.0001) and postmenopausal status
was independently associated with C-IMT only in the models with LDL cholesterol
(p=0.0455) or triglycerides (p=0.0438). In addition, in multivariate models which also
included adjustments for other demographic factors associated with C-IMT in the literature
(heart rate, current smoking, regular alcohol consumption and gender in addition to age,
clinic systolic blood pressure, treatment for hypertension, postmenopausal status and diabetes
mellitus), 1;0ne of the measures of lipid profile were independently associated with C-IMT
(figure 3.14 and table 3.9). Similarly, when men and women were analysed separately, none
of the measures of lipid profile were associated with C-IMT independent of age, clinic
systolic blood pressure, treatment for hypertension, postmenopausal status (women only),
diabetes mellitus, heart rate, current smoking and regular alcohol consumption (figure 3.15,
table 3.10 and table 3.11). Age was the strongest determinant of C-IMT in all participants

(table 3.9), in men (table 3.10) and in women (table 3.11).
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C-IMT versus

Total Cholesterol
HDL Cholesterol
LDL Cholesterol

Triglycerides

Partial R 95% Cl  p value

—&— -0.01 -0.10 to 0.09 =0.884

—e+—  -0.04 -0.14 t0o 0.05 =0.371

—©— 0.02 -0.08 to 0.12 =0.682

—g— -0.01 -0.11 to 0.09 =0.832

Total-to-HDL Cholesterol Ratio —©— 0.02 -0.08 to 0.12 =0.684

I 1 [

-04 -0.2 0 0.2

Partial Correlation Coefficients

Figure 3.14 Multivariate relationships between C-IMT and measures of lipid profile in all

participants. Age, clinic systolic blood pressure, treatment for hypertension, postmenopausal

status, sex, diabetes mellitus, heart rate, current smoking and regular alcohol consumption

were included in the models.
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Table 3.9 Multivariate relationships between C-IMT and measures of lipid profile in all study
participants (n=430).

Standardised B-coefficient + SEM p value

Model with Total cholesterol

Total cholesterol -0.006 + 0.042 =0.884
Age 0.660 + 0.057 <0.0001
Female Sex 0.187 + 0.092 =0.0424
Model with HDL cholesterol
HDL cholesterol -0.035 + 0.039 =0.371
Age 0.659 + 0.055 <0.0001
Female Sex 0.187 + 0.090 =0.0377
Model with LDL cholesterol
LDL cholesterol 0.017 £ 0.042 =(0.682
Age | 0.653 + 0.056 <0.0001
Female Sex 0.197 £ 0.091 =0.0318
Model with Triglycerides
Triglycerides -0.009 + 0.041 =(0.832
Age 0.660 + 0.056 <0.0001
Female Sex 0.188 + 0.090 =0.0374
Model with Total-to-HDL cholesterol ratio
Total-to-HDL cholesterol ratio  0.018 + 0.043 =0.684
Age 0.654 + 0.056 <0.0001
Female Sex 0.193 £ 0.090 =0.0328

Models included clinic systolic blood pressure, treatment for hypertension, postmenopausal
status, diabetes mellitus, heart rate, current smoking and regular alcohol consumption in
addition to those indicated. Each of the measures of lipid profile were analysed in separate
models.
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Table 3.10 Multivariate relationships between C-IMT and measures of lipid profile in male
study participants (n=152).

Standardised B-coefficient + SEM p value

Model with Total cholesterol

Total cholesterol 0.016 £ 0.067 =0.811

Age 0.622 + 0.090 <0.0001
Model with HDL cholesterol

HDL cholesterol -0.044 £ 0.066 =0.504

Age 0.631 = 0.085 <0.0001
Model with LDL cholesterol

LDL cholesterol 0.048 + 0.064 =0.451

Age 0.613 + 0.088 <0.0001

’ Model with Triglycerides

Triglycerides 0.002 + 0.069 =0.972

Age 0.628 + 0.089 <0.0001
Model with Total-to-HDL cholesterol ratio

Total-to-HDL cholesterol ratio  0.071 £ 0.069 =(.308

Age 0.607 + 0.088 <0.0001

Models included clinic systolic blood pressure, treatment for hypertension, diabetes mellitus,
heart rate, current smoking and regular alcohol consumption in addition to those indicated.
Each of the measures of lipid profile were analysed in separate models.
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3.7 Association of C-IMT with Anthropometric Data - Lipid Profile Interactive Terms

In bivariate analyses, each of the interactive terms was associated with C-IMT (table 3.12).
However, in multivariate analyses adjusting for confounders (age, clinic systolic blood
pressure, treatment for hypertension, postmenopausal status and diabetes mellitus, heart rate,
current smoking, regular alcohol consumption and gender) none of the interactive terms
remained independently associated with C-IMT (table 3.13). In the multivariate models only

age was strongly and independently associated with C-IMT (p<0.0001).

3.8 Association of C-IMT with Anthropometric Data and Measures of Lipid Profile in the

Same Model

In multivari’ate analyses of each obesity index together with each measure of lipid profile,
without adjusting for confounders, all indices of obesity (p=0.016 to p<0.0001) and measures
of lipid profile (p=0.0014 to p<0.0001), except for HDL cholesterol (p=0.88 to p=0.25) were
associated with C-IMT. However, in multivariate analyses after adjusting for confounders
(age, clinic systolic blood pressure, treatment for hypertension, postmenopausal status and
diabetes mellitus, heart rate, current smoking, regular alcohol consumption and gender) none
of the obesity indices (p=0.211 to p=0.904) nor any of the measures of lipid profile (p=0.283
to p=0.954) remained independently associated with C-IMT. In these multivariate models

only age was strongly and independently associated with C-IMT (p<0.0001).
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Table 3.12 Bivariate relationships between C-IMT and interactive terms between anthropometric data and measures of lipid profile in all study
participants (n=430).

r p value r p value r p value r p value r p value

BMI Waist circ. Hip circ. Skinfold thickness ~ Waist-to-hip ratio
Total cholesterol 0.294 <0.0001 0.325 <0.0001 0.258 <0.0001 0.233  <0.0001 0323  <0.0001
HDL cholesterol 0.105 =0.029 0.103 =0.034 -0.004 =0.938 0.116 =0.016 0.031 =0.516
LDL cholesterol 0.283 <0.0001 0.302 <0.0001 0.248 <0.0001 0.241 <0.0001 0.298  <0.0001
Triglycerides 0.280 <0.0001 0.273 <0.0001 0.252 <0.0001  0.248 <0.0001 0278  <0.0001
Total-to-HDL cholesterol ratio  0.291  <0.0001 0.302 <0.0001 0.259 <0.0001 0.249 <0.0001 0.296  <0.0001

Each of the interactive measures were analysed in separate models. BMI, body mass index; Waist circ, waistc circumference; Hip circ, hip
circumference.
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Table 3.13 Multivariate relationships between C-IMT and anthropometric data and measures of lipid profile in the same model in all study

participants (n=430).

r p value r p value r p value r p value r p value

BMI Waist circ. Hip circ. Skinfold thickness ~ Waist-to-hip ratio
Total cholesterol -0.005 =0.923 -0.031 =0.529 -0.013 =0.799 0.030 =0.546 -0.034  =0.490
HDL cholesterol -0.033 =0.512 -0.056 =0.259 -0.038 =0.437 0.009 =0.858 -0.064  =0.190
LDL cholesterol 0.011 =0.829 -0.003 =0.958 0.010 =0.833 0.040 =0.420 0.0003 =0.995
Triglycerides -0.007 =0.894 -0.035 =0.474 -0.021 =0.666 0.003 =0.951 -0.026  =0.596
Total-to-HDL cholesterol ratio 0.016  =0.746 -0.006 =0.904 0.008 =0.864 0.039 =0.431 -0.001  =0.982

Models included age, clinic systolic blood pressure, treatment for hypertension, diabetes mellitus, heart rate, postmenopausal status, current
smoking, regular alcohol consumption and gender. Each of the interactive measures were analysed in separate models. BMI, body mass index;
Waist circ, waistc circumference; Hip circ, hip circumference.
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4.1 Primary outcomes of the present study

The primary finding in this study is that in an urban developing community of African
ancestry (age range 16-86 yrs), despite a high prevalence of excess adiposity, there was no
independent relationship between C-IMT and either indices of obesity or measures of lipid
profile after adjustment for confounders. Only age and gender were found to independently
predict C-IMT. These findings were consistent when men were analysed separately from

women.

Although, in unadjusted (bivariate) analysis total cholesterol, triglycerides, LDL cholesterol
and total:HDL cholesterol ratio (but not HDL cholesterol) were associated with C-IMT in the
whole population; these relationships did not survive multivariate adjusted analysis.
Similarly, although in unadjusted (bivariate) analysis, all indices of obesity [indices of
general (BMI), abdominal (WHR) and subcutaneous (skinfolds) obesity] were associated
with C-IMT; these relationships were not independent of confounding factors. In both
instances age was the predominant factor influencing C-IMT. In the absence of confounders,
indices of obesity and measurements of lipid profile were associated with C-IMT independent

of each other; but neither survived the strong relationship between C-IMT and age.

These data indicate that in an urban developing community of African ancestry, in whom the
risk factors for increased C-IMT are relatively low (predominant risk factors were obesity
and hypertension; as the prevalence of increased lipids, diabetes mellitus and smokers was
low), the impact of lipids and indices of obesity (irrespective of whether indices of general,
abdominal or subcutaneous obesity were assessed) although independent of each other do not
survive the major impact of advancing age. In keeping with the relatively low risk for
increased C-IMT, only 8% of this population was noted to have C-IMT values above the 75

percentile for gender and age. Of interest the predominant risk factor, obesity; but also the
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WHR, skinfolds) on C-IMT independent of measures of lipid profile (Ciccone et al. 2001; de
Michele er al. 2002; Lo et al. 2006; Koskinen et al. 2009; Maher er al. 2009; Skilton et al.
2009; Soliman et al. 2010). However, some of these studies either failed to adjust for age
(Sarmento et al. 2009) which is the major determinant of C-IMT (Howard et al. 1993; Polak,
2009), only assessed young populations (20-43 yrs of age, table 1.1: Davis ef al. 2001,
Urbina er al. 2002; Raitakari er al. 2003; Paul er al. 2011; table 1.2: Ciccone ef al. 2001, 18-
45 yrs; Koskinen et al. 2009, mean age = 32 yrs; Lo et al. 2006, 24-59 yrs) or assessed a
population with a narrow age range (40-60 yrs, Salonen & Salonen 1991; 30-69 yrs, de
Michele er al. 2002); in which case age may be less likely to mask the effects of ether obesity
or cholesterol. Only Lorenz et al. 2006 assessed participants over the full adult age range (19-
90 yrs); however this study only performed bivariate analyses (no multivariate analyses were
performed). - Although in the study by Maher er al. 2009, the mean age was 41 years,
participants were specifically selected on the basis of normal cholesterol and normal blood
pressure values. Naya et al. 2008 assessed participants who ranged in age from 18-62 years
but they were not able to show a relationship between age and C-IMT. Only one study
(Skilton et al. 2009) assessed participants over the full adult age range (21-83 yrs); however
in this study the maximum BMI was only 28 kg/m?* and approximately 40% of participants
were receiving lipid lowering agents. Hence, these studies did not adequately address the

possible independent impact of obesity and/or cholesterol on C-IMT at a population level.

Moreover, in many of the studies showing an effect of cholesterol independent of obesity,
mean BMI was not in the obese range (28 kg/mz, Urbina ef al. 2002; ~29 kg/m?, Paul et al.
2011) and hence it is less likely that obesity would mask the effects of cholesterol. Indeed,
Hassinen et al. 2007, in a 12 year follow-up study in which the participants had a mean BMI
of 26 kg/m?, reported that obesity does not impact on C-IMT independent of cholesterol

concentrations. Moreover, many studies showing an independent effect of cholesterol on C-
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outcomes in our study.

With regard to factors other than measures of obesity and lipid profile, consistent with
previous literature (Salonen & Salonen 1991; Ciccone ef al. 2001; Davis et al. 2001; Lo et al.
2006; Naya et al. 2008; Koskinen et al. 2009; Mabher et al. 2009), we were able to show that
age, gender, systolic and diastolic BP, and diabetes mellitus were associated with C-IMT on
bivariate analyses. Moreover, our data after multivariate analysis confirm that age is the
major determinant of C-IMT (Howard ef al. 1993; Ciccone et al. 2001; Koskinen ef al. 2009;

Polak, 2009).

4.2 Proposed potential mechanisms of effects of age, obesity and lipids on C-IMT

The proposqd mechanisms by which age affects C-IMT are that endothelial cells age which
leads to endothelial dysfunction resulting in increased permeability of the vascular
membrane. Hence, lipoproteins circulating in the blood enter the vascular wall resulting in
lipid deposits within the intima and media. In addition, with increasing age, fibrosis is
increased and smooth muscle cells proliferate which further contributes to the increase in
intima-media thickness (Carallo et al. 1999; Erusalimsky er al. 2009). Luo ef al. 2011 found
that the left C-IMT showed no obvious change before the age of 35 years, and after the age of
35 it thickened considerably every 10 years. Moreover, in a study of participants ranging in
age from 45 to 64 years, it was found that the rate by which C-IMT increases is
approximately 0.010 mm/yr in both men and women (Howard ef a/.1993). Furthermore, the
rate of change of C-IMT is reported to be in the range of 0.008 to 0.0147 mm/yr, such that
0.1 mm translates into an expected change over 7 to 10 years (Polak, 2009). Hence age is an

important parameter or risk factor of C-IMT progression.
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In terms of the proposed mechanisms of the effects of obesity on C-IMT; some studies have
linked obesity to an increase in arterial wall thickness by proposing that leptin may be
important for the regeneration of endothelial intimal layer after vascular injury (Correia &
Haynes, 2001). In an experiment involving leptin receptor-deficient db/db mice it was found
that neointimal formation was substantially reduced by 90% after experimental endovascular
injury when compared to leptin-sensitive wild-type mice (Stephenson et al. 2003). Many
studies have shown women to have higher leptin concentrations than men (Ciccone et al.
2001; Considine, 2001); however this would argue against the higher C-IMT values reported
in men compared to women (Howard et al. 1993; Urbina er al. 2002; Raitakari er al. 2003;
Paul et al. 2011). Hence, the mechanisms of the effects of obesity on C-IMT need to be

investigated further.

The mechar;isms of the effects of cholesterol on C-IMT are well established. As discussed in
my introduction (section 1.2); one of the primary factors responsible for increases in arterial
wall thickness is an increase in LDL cholesterol (Poredos 2004; Beckett er al. 2000), which
plays an important role in the initiation and progression of atherosclerosis (Naito er al. 1994;
Jia et al. 2009). The subsequent accumulation of lipid and fibrosis within the intima and

media of the arterial wall results in the increase in C-IMT.

4.3 Brief background on epidemiology of cardiovascular disease to indicate the
uniqueness of populations of African ancestry

When we view the health of human beings tracing back from history in the earliest nomadic
times, sickness and early death were mainly the result of food deficiency. Thinly stretched
populations lessened the impact of infectious diseases. Only about 10,000 years ago animals
were domesticated and people discovered how to cultivate nutritious plants and harvest them,

hence making food more plentiful and encouraging population growth. The resultant
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crowding made infectious disease somewhat more prevalent and nutrition a strong influence
on health. In developed countries, this transitional period began 300 years ago with industrial
and transportation developments, which encouraged progressive urbanization (Keil &

Saunders, 1991).

When the industrial revolution enticed people from farming areas to urban centers, they were
at increased risk of disease and death because they were forced to live in close proximity to
each other, making transmission of disease easier. Tuberculosis, smallpox, typhoid fever, and
other infectious diseases were rampant. With the advent of the golden age of medicine,
immunizations, improved hygiene, and the use of antibiotic therapy, infectious diseases
declined markedly and the chronic diseases namely the cardiovascular diseases and cancer
began to show an increase (Keil & Saunders, 1991). This increase has been attributed to
individuals’surviving one kind of disease to be able to confront another kind. In addition,
lifestyles changed in the period up to the mid-1960s; cigarette smoking increased, sedentary
work and leisure time was aspired to, and obesity became more prominent (Keil & Saunders,
1991). Dairy products and eggs, which had been initially advocated to provide dietary
protein, were used in increasing quantities, and as the industrial and agricultural economies

prospered, the consumption of saturated fats increased (Keil & Saunders, 1991).

Evidence of the impact of such economic transitions is provided by a study conducted in
Georgia, USA. During 1960 to 1962, the Evans County (Georgia) found lower coronary heart
disease (CHD) prevalence and incidence rates among black compared to white males even
after controlling for standard CHD risk factors (Cassel et al. 1971). The prevailing view
through the 1970s was that CHD is uncommon among black individuals (Gillum & Liu,
1984). More recent evidence has dispelled these early views taking into account changes in

economic and environmental circumstances, and it is now recognized that CHD mortality
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larger sub scapular skinfold thickness than white women and/or men at age 30, 50 and 70
years. It was also recorded that African American males have higher sub scapular skinfold
thickness than Caucasian men in the same middle-age range (35 to 54 years) in which
overweight prevalence is higher in African American than Caucasian men (Kumanyika &
Adams-Campbell, 1991). Some evidence suggests that lower levels of energy expenditure
rather than higher levels of intake may be a critical factor predisposing women of African
ancestry to high levels of obesity. In the 1985 National Center for Health Statistics (NHIS)
data (1988), black women were less likely than white women to report engaging in regular
exercise or sports activity. In South Africa, the prevalence of obesity has increased
dramatically over the past few years. Indeed, recent studies report approximately 60% of
populations of African ancestry to be overweight or obese (Steyn et al. 2005; Majane et al.

2007; Norton et al. 2009).

It should be noted that South Africa is a developing country; hence people of African
ancestry are still going through an epidemiologic transition (Omran, 2005; Sliwa et al. 2008;
Stewart et al. 2008). Therefore people in Sub-Saharan Africa have a diet that is low in
cholesterol thus resulting in lower total cholesterol concentrations as compared to Caucasians
and African Americans (Connor et al. 2009). In a population of African ancestry there is a
low incidence of atherosclerosis compared to populations of Caucasian ancestry (Bensen et
al. 1999; Connor et al. 2009). Hence, the main factor that could contribute to the difference in
the findings in our study compared to those of previous studies is the fact that people of
African ancestry are still going through an epidemiologic transition and hence they still have

low total cholesterol levels.
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4.3 The cardiovascular pathophysiology of people of African ancestry

Cardiovascular disease in people of European descent is mainly attributed to classical risk
factors, namely diets high in saturated fats, elevated serum cholesterol concentrations, high
blood pressure, diabetes mellitus, and smoking. However, among African Americans in
America, the rates of CVD are comparable or higher than the rates among Caucasians in
America (Yusuf ef al. 2001). Nevertheless, the incidence of cardiovascular disease in people
of African ancestry in Africa is still relatively low when compared to rates in most western
countries. Many studies explaining the pathophysiology of cardiovascular disease attribute it
to the high incidence of hypertension in the African community. The multiple factors that are
associated with hypertension in populations of African ancestry include low plasma renin,
sodium abnormalities, epithelium sodium channel changes, altered changes regulating the
renin-angidtensin-aldosterone system (RAAS), increased peripheral vascular resistance,
increasing obesity, and socio-economic status (Opie & Seedat, 2005). Populations of African
ancestry are salt-sensitive and in the presence of high sodium intake plasma renin is
suppressed. The above mentioned factors also occur in African Americans. Compared with
Caucasians, African-Americans develop hypertension at an earlier age. The reason for black-
white differences in hypertension prevalence likely involves a complex interaction between
environmental response to diet, stress, and a potential genetic/physiological difference in
sodium/potassium excretion (Yusuf er al. 2001). We now know that people of African
ancestry have a problem of sodium retention. The major factor controlling sodium excretion
is renal perfusion pressure as it drives glomerular filtration since causes of hypertension are
mediated through the kidney. Any processes that lead to a decrease in this pressure will lead
to decreased sodium filtration and increases reabsorption. Anatomic changes in the renal
vasculature can also lead to a decreased renal perfusion pressure (Blaustein & Grim, 1991).

Some studies have attributed the increase in C-IMT to shear walls stress due to the curvature
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increase in C-IMT in an urban developing community of African ancestry. More importantly
we have to take into consideration that the migration of people of African ancestry from rural
to urban settings has affected their diet, and now they may be consuming products with high
total cholesterol content. Hence increased cholesterol concentrations may be a major CVD
risk factor in the future. Indeed, once people of African ancestry develop high total
cholesterol levels, similar to African Americans, they may even be at a higher risk than
Caucasians due to the high incidence of obesity (mainly in women) and untreated
hypertension. Hence our findings are very important in the context that this data may be able
to assist the current South African government to be proactive rather than reactive in
educating the population at large in terms of change in lifestyle, better nutrition and more
access to health services such as yearly medical check-ups especially with the proposed

national health insurance (NHI).

4.6  Ideas for future research

Our finding of a lack of independent association between induces of obesity and C-IMT in a
population of African ancestry, despite a very high incidence of obesity (41%) deserves some
further comment. In this regard, a number of studies have shown genetic differences between
populations of different race or ethnicity. With respect to genetic polymorphisms associated
with LDL cholesterol, the apolipoprotein E2 allele which is positively associated with LDL
cholesterol concentrations, has a greater impact on lipid levels in Caucasians compared to
African Americans, despite a higher prevalence of this polymorphism in African Americans
(Pablos-Mendez et al. 1997). The lack of effect of the apolipoprotein E2 allele on lipid levels
and the incidence of CHD in African Americans has been attributed to the protective effects
of dietary and/or lifestyle effects in this ethnic group (Loktionov et al. 1999). In addition, the
genetic determinants of lipids may differ between different race and ethnic groups. Indeed,

Chang et al. (2010) showed that although variants of the apolipoprotein E and /7GB3
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