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ABSTRACT

Cardiovascular disease (CVD) is the major cause of mortality and morbidity globally and is
the leading cause of death in South Africa second to HIV/AIDS. CVD is on the rise not only
in adults but also in children. The presence of modifiable CVD risk factors, such as, smoking,
alcohol intake, diet quality, physical activity and obesity, during adolescence increases the
chances of having a poor cardiovascular risk profile in adulthood. Therefore, the prevention of
CVD in adolescents is important to prevent premature death from CVD. The aim of this study
was to assess whether ultrasound measurements of intima-media thickness could indicate CVD
risk and an association with modifiable risk factors in adolescent student population. A cross
sectional study was conducted using ultrasonography to detect early increase in carotid and
aorta intima-media thicknesses as an-indication of-early plague formation in young adults aged
19 to 26. Additional measures of CVD risk were collected to-seek associations with ultrasound
findings. In the current study, 63 participants aged 19-26 years where included in the study by
meeting the inclusion criteria. Anthropometric measurements,lipid profiling and ultrasound
measurements of the abdominal aorta intima-media thickness (AIMT) and carotid intima-
media thickness (CIMT) where recorded. Positive significant differences in low density
lipoproteins (LDL) (p = 0.018) and waist-to-hip ratio (p = 0.008) were observed between males
and females. Males had higher LDL (2.37%2), total cholesterol (4.37+3) and triglyceride
(1.67£1.2) levels than females. Ultrasound measurements showed a positive significant
association between age and the left CIMT (p=0.025). There was also a positive significance
in the comparison of waist circumference and blood pressure (p<0.001), the right CIMT
(p=0.002) and the left CIMT (p<0.001) as well as a significance between waist-hip ratio to

blood pressure (p<0.001). The current study found that ultrasonography was a useful, non-
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invasive tool to detect changes in the intima-media thickness of arteries indicating increased

CVD risk in adolescents.

KEYWORDS: Cardiovascular Disease (CVD), Ultrasound, Adolescents, Abdominal Aorta
Intima-media Thickness (AIMT), Carotid Intima-media Thickness (CIMT), Lipid Profile,

Waist Circumference, Blood Pressure.
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CHAPTER 1

INTRODUCTION

1.1. Background

Cardiovascular disease (CVD) is the primary cause of morbidity and mortality in the world
(Khanna et al., 2019) signifying 31% of all global deaths. In 2017, there were an estimated
422.7 million cases of CVD and 17.9 million CVD deaths worldwide (Roth et al., 2017). Out
of the 17 million premature deaths (under the age of 70) due to non-communicable diseases in
2017, 82% were in low- and middle-income.countries and 37% were caused by CVDs (Keates
et al., 2017). In 2019 the stats remained the same withia 17.9 million on average death rate
worldwide (Cardiovascular diseases (CVDs), 2021). In South Africa, CVD is the leading cause
of death second to HIVV/AIDS and.responsible for almost 1.in 6 deaths (17,3%) annually. Most
cardiovascular diseases can be prevented by ‘addressing behavioural risk factors such as
smoking, unhealthy diets, obesity, physical inactivity-and ‘excessive consumption of alcohol
(Msemburi et al., 2014). Those who are at high Cardiovascular risk require early detection and
management through medication in order to reverse the effects of the disease (Roth et al.,

2018).

Global death rates due to CVD are anticipated to increase as the occurrence of cardiac risk
factors continue to increase. Although CVD generally manifests in adulthood, the process can
begin in childhood (Brown et al., 2019). This was previously considered to be a major problem

only in developed countries but has manifested in developing countries as well. This could be
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due to the notable increase in the prevalence of childhood obesity worldwide (Ho et al., 2019
and Keates et al., 2019). Paediatric cardiac death (PCD) occurs in about 1 to 6 per 100 000
children annually (Rodday et al., 2012). Prevention of CVD has been shown to be less costly
than treating its complications (Barton et al., 2011), therefore, detection of this disease in the
asymptomatic phase may have a great effect on public health and the cost thereof (Baber et al.,

2015).

Historically, sub-Saharan Africa has reported low levels of atherosclerotic cardiovascular
disease (CVD). Low levels of atherosclerotic CVD in populations of African descent were, in
part, accredited to low levels of total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C) and triglycerides (TGs) and high levels of high-density lipoprotein (HDL-C).
However, as these populations undergo-epidemiological transition; this may change (Sliwa et
al., 2012) i.e. increased modern food-consumption-and lifestyle habits. It appears a great deal
of the burden of CVD in those of African descent can be attributed to hypertension, rather than

dyslipidaemia (Akinboboye & Akinkugbe, 2003).

A previous study showed that the degree of fatty streaks and plaques in the aorta and coronary
arteries increased with age. The relationship between fatty streaks and plaques was much
stronger in the coronary arteries (r=0.60, P<0.001) than in the aorta (r=0.23, P=0.03) (2-39
years) (Berenson, 1998). Studies have suggested that atherosclerosis beginning in childhood in
the abdominal aorta and later involves the carotid arteries (Guzman et al., 1968). Screening for
cardiac diseases, such as Atherosclerosis, through use of ultrasonography in asymptomatic
children and adolescents should be considered a way to detect early signs of atherosclerosis
due to its potential in measuring abdominal aorta intima-media thickness (AIMT) and carotid

intima-media thickness (CIMT) (Dawson et al., 2009).
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1.2. Problem Statement

Cardiovascular disease remains a major cause of death and disability. In addition, CVD is on
the rise at a faster rate at earlier ages. Though CVD develops earlier, the disease remains
asymptomatic in the majority of individuals. Ultrasound has successfully been used in detecting
heart conditions in individuals already diagnosed with heart disease or who have previously
had a heart attack. This study will aim to use this diagnostic technique in order to detect early
signs of plaque build-up in arteries as indicated by an increase in the arterial intima-media
thickness. Early detection of CVD will greatly contribute to prevent the increase in adolescent

populations.

1.3. Rationale

CVD is a disease that is generally diagnosed after a patient has their first cardiac arrest at a
later age in their life. Recent studies have shown that even though CVD is diagnosed later in
life, the manifestation occurs in much earlier years. This was proven through autopsy studies
on children and adolescents. Even though this was discovered, what was missing were studies
on diagnostic tools for non-invasive detection of early signs of CVD. This paucity in research
on preventive diagnostics prompted this study where non-invasive sonography, which can
detect early signs of plaque and/or fatty streak build up in arteries. This allows for early lifestyle

changes which may decrease CVD events.

1.4. Research Aims and Objectives
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1.4.1. Aim

The aim of this study was to assess whether ultrasound measurements of intima-media
thickness could indicate CVD risk and an association with modifiable risk factors in adolescent

student population.

1.4.2. Objectives

Our objectives were:

To use ultrasonography to detect increased aorta and carotid intima-media thickness

indicating increased plaque formation in adolescents.
e To determine the blood lipid levels of the study population.
e To determine the relationship between BMI and IMT and lipid profile.
e To find a difference in the-mean-values-of-SFF,-WC; BMI, IMT, Lipid profiles, BP

between the sexes.

1.5. Hypothesis

Ultrasonography is an effective tool in detecting early signs of cardiovascular disease in

adolescents.

Sex, age, body mass index (BMI), lipid profile and cholesterol influenced the intima-media

thickness (IMT) of arteries in adolescents aged 19 to 26 years.

Ultrasonography of the intima-media artery walls is positively associated with the lipid profile

of adolescents.
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CHAPTER 2

LITERATURE REVIEW

2.1. Coronary Artery Disease

The most common form of CVD is coronary artery disease (CAD). Ischemic heart disease, i.e.,
atherosclerosis, is the leading cause of death in CVD health worldwide (Dong et al., 2022).
Atherosclerosis begins in childhood with the build-up of lipid or plaque in the intima of arteries.
Data from the Pathobiological Determinants of Atherosclerosis in Youth (PDAY) study proved
that 20% of 15- to 34-year-olds have increased fatty streaks in the abdominal aorta on autopsy
and the presence of these lesions is related to-cardiovascular risk factors. Predominantly after
age 25, very-low-density lipoprotein (\VLDL), low-density lipoprotein (LDL) cholesterol levels
showed a positively significant effect, and high-density lipaprotein (HDL) cholesterol levels
showed a negative effect on fatty streaks-in the-aorta and-right coronary artery (McGill and
McMahan, 1998). The start of lipid build-up occurs in‘the aorta-of practically every child over
the age of 3 years (Holman et al.; 1958)." Later; autopsy studies in children have shown that
atherosclerotic lesions begin to develop in the intima of the aorta before any other region of the
vascular system (Dawson et al., 2009). McGill et al showed a tendency for atherosclerotic
lesions to develop within the affected arteries of individuals aged 15 to 34 years (McGill et al.,
2008). Atherosclerotic lesions in the coronary and carotid arteries occur later in life compared
to its manifestation in the aorta (Guzman et al., 1968). Another study demonstrated that CAD
began at a young age and that lesions were present in 1 of 6 teenagers. These findings voiced
the need for intensive efforts of coronary disease prevention in adolescents (Tuzcu et al., 2001).

Recent studies have focused on preventive actions for atherosclerosis beginning during
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childhood to reduce the risk of heart disease, stroke and peripheral vascular disease later in life
(Davis et al., 2010). If prevention is to begin early in life, it would be useful to have a non-
invasive method to detect early signs of atherosclerosis so that interventions could be focused

on those at a higher risk (Slyper, 2004).

HEALTHY ATHEROSCLEROSIS DEVELOPMENT ACUTE EVENT

——————— R PR e e e i e ey
1 Endothelial & Inflammation ! Plaque 1
I dysfunction h Formation 1
| |
| 1
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/
- .- .-
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s ———— — — — — -

= LDL = Monodcyies = Fibrous cap * Plaque rupture
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(ECs)

Figure 1: Schematic view of atherosclerosis progressive development inside the artery.
Atherosclerosis development starts with an endothelial dysfunction, internalisation of
monocytes in the intima and their differentiation to macrophages. VSMCs migrate from media
layer to intima contributing to form a fibrous cap which surrounds the lipid core and thus
constitute the plaque. The plaque could remain stable or release thrombogenic material which
at the end triggers a fatal event. (EC: Endothelial cells; LDL: Low-density lipoprotein; NO:

Nitric oxide; VSMCs: Vascular smooth muscle cells) (Martin-Lorenzo et al., 2015).
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2.2. Abdominal Aorta- And Carotid Intima-Media Thickness

Atherosclerosis begins in childhood in the distal abdominal aorta and later involves the carotid
arteries. Non-invasive screening to detect these lesions may allow early intervention (Davis et
al., 2010). Developments in ultrasound techniques have made it possible to visualise early
atherosclerotic lesions within the intima-media of the abdominal aorta and the carotid artery,
noninvasively, in living asymptomatic patients (Jarvisalo et al., 2001, Dawson et al., 2009). In
older adults, this method has been commonly used to assess the carotid arteries and increased
carotid intima-media thickness (CIMT) which may predict the early development of peripheral
vascular disease, stroke and other cardiac problems. Dawson et al proved that both AIMT and
CIMT are associated with cardiovascular risk factors. Measurement of AIMT and CIMT may
help identify those at risk for premature cardiovascular disease (Dawson et al., 2009). In a case-
control study of AIMT and CIMT conducted inchildren-at-high risk for CAD, 16 children with
hypercholesterolemia and 44 with type 1 diabetes were compared with 28 healthy control
subjects. There was a greater increase in AIMT than CIMT in high-risk children, although both

were significantly thicker than in‘the control children (Jarvisalo et al., 2001).
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Lumen alMT

Intima Media Adventitia

Vessel wall: Measurement of intima media
thickness via ultrasound using Carotid
Analyzer on the R wave

Figure 2: Vessel wall that is used for-measurement of intima-media thickness via ultrasound,

starting at the pink line and ending at the yellow line (West,-2005).

CIMT is associated with CVD risk factors (Young-et al., 1960, Roman et al., 2006). It is proven
that carotid intima-media thickness (CIMT) increases with advancing age, even in the absence
of CAD, because of thickening of both the intimal and medial layers. In human beings, CIMT

increases nearly 3-fold between the ages of 20 and 90 years (Nagai et al., 1998).
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External carotid artery

Internal carotid artery

Common carotid artery

Figure 3: Image showing the Carotid-Arteries.

Progression of AIMT and CIMT-may be reduced or reversed with risk factor interventions
which in turn reduces the risk of future!CVD events (Hodis etal., 1998, Espeland et al., 2005).
These findings provide support to the concept that CIMT measurements can be used as an
indicator of CAD. Post-mortem studies indicate that age-associated increases in carotid wall
thickening is mainly caused by an increase in intimal thickening (Virmani et al.,1991). These
changes include many factors that have been implicated in the pathogenesis and progression of
atherosclerotic plaques, such as endothelial dysfunction; increased endothelial cell
adhesiveness and permeability; increases in procoagulant, vasoconstrictive, and inflammatory
molecules; increases in cytokines and chemokines; increased oxidative stress and proliferation

and migration of smooth muscle cells (Li et al.,1999, Asai et al., 2000). It represents subclinical
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vascular disease, the pathophysiologic substrate that explains why CIMT is a risk factor and a

marker of CVD risk.

In a study by Dawson et al, a correlation was found between risk factors and AIMT and CIMT
in two different age groups, teenagers (11-17 years) and adolescents (18-34 years). Mean (SD)
values of AIMT and CIMT were 0.63 (0.14) and 0.49 (0.04) mm, respectively. In the teenage
group, AIMT was associated with triglycerides, blood pressure, body mass index (BMI), and
waist/hip ratio, after adjusting for age, sex, and height. In the adolescent group, AIMT was
associated with those same 5 risk factors, plus HDL and pulse pressure. In the teenagers, CIMT
was associated with systolic blood pressure (SBP), pulse pressure, heart rate, BMI, and waist/
hip ratio. In adolescents, CIMT was associated with total cholesterol, LDL, triglycerides, SBP,

diastolic blood pressure (DBP), BMI and-waist/hip-ratio.(Dawson et al., 2009).
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2.3. CVD Risk Factors

[ Genetic varnations’ Family History ]

Lipid Disorders
(LDL® .HDL# TG®)
[ Hypertension ] . l ' [ Type 2 Diabetes ]
Increased

[ Smoking ] - Cardiovascular - [ Obesity ]
‘ [ Age Race, Sex ]

Risks

2

[ Prior CV Event ] ‘

Phvsical Tnactivity

Figure 4: CVD risk factors.

2.3.1. Hypertension

Hypertension is one of the most important modifiable risk factors for cardiovascular diseases
(CVD). Hypertension is the leading risk factor for stroke in South Africa, responsible for 1 in
2 (50%) strokes and 2 in 5 (42%) heart attacks (Norman et al., 2007). In South Africans, 1in 3
of those 15 years and older have high blood pressure (Cape Town: Southern African Labour &
Development Research Unit, 2009). To add to this problem, more than 50% of people with
high blood pressure are unaware of their condition. Of the people diagnosed with high blood
pressure, only a third is on treatment, and of those, only a third has adequate control of their

blood pressure (Steyn et al., 2001). The complications of hypertension account for 9.4 million
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deaths worldwide every year. Hypertension is responsible for at least 45% of the deaths from

CVD (Hien et al., 2018).

High blood pressure in children and adolescents is a growing health problem that is often goes
unnoticed by doctors. Overweight and obesity are strongly related with primary hypertension
in children. High blood pressure in childhood and adolescence may lead to hypertension in
adult-hood (Chen and Wang, 2008). Children with hypertension could have evidence of target
organ damage, including left ventricular hypertrophy and pathologic vascular changes (Sorof
et al., 2003 and Brady et al., 2008). Previous studies have found a linear relationship between
systolic blood pressure (SBP) and CIMT in both hypertensive and non-hypertensive
individuals (Bots et al., 1993, Juonala et al., 2010, Ferreira et al., 2016 and Magnussen. 2017).
A previous study described SBP and_not-diastolic-blood pressure (DBP) as an independent
predictor of increased CIMT (Di Belo et-al.; 2009).-Fhis-is the reason only SBP (not DBP)
was correlated with increased CIMT. Likewise, another study found that SBP was significantly
associated with CIMT, even after-adjustment for age, sex;-and smoking. In that study, DBP
was again not associated with CIMT measurement (Zanchetti et al., 2001). These findings have
also been reported in other studies (Lusiani, Visona and Pagnan, 1990, Mannami et al., 1997,
Salonen and Salonen, 1999 and Lakka et al., 1999) and propose that SBP may prompt higher
pressure overload and therefore induce more arterial hypertrophy or hyperplasia than DBP.
Also, some authors claimed that SBP may be a more important risk factor for atherosclerosis

and CVD than DBP (Mannami et al., 1997, Lakka et al., 1999 and Ferreira et al., 2016).

Juonala et al showed that children and adolescents with elevated blood pressure have higher
adult CIMT, with the exclusion of other risk factors, compared to those without elevated blood

pressure (Juonala et al., 2010, Juonala et al., 2013 and Ferreira et al., 2016). Clinical trials of
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antihypertensive medications have shown CIMT to regress or progress at a decreased rate
among those receiving best therapy compared with those on placebo (Ferreira et al., 2016 and
Magnussen. 2017). Providing evidence that introduction of a treatment may decrease the

magnitude of disease later in life.

2.3.2. Lipid Profile

(mmol/l) Normal Intermediate High Risk
LDL <3.36 3.37-4.11 >4.12
HDL >1.55 1.03-1.54 <1.02
Total Cholesterol <4.1 4.2-6.2 >6.3
Triglycerides D i~ >2.26

Table 1: Criteria for cholesterol {Healthy Cholesterot Level; TC, HDL-C, LDL-C & TG

Normal Ranges, 2012)

Risk factors associated with CVD include Total cholesterol, LDL, HDL, Triglycerides,
Diastolic blood pressure (DBP), Systolic blood pressure (SBP), Pulse pressure, Heart rate,
BMI, Waist/hip ratio and Smoking. A major CVD risk factor is dyslipidaemia which is said to
be the primary cause of CVD, helping it to progress. The prevalence and pattern of
dyslipidaemia differs between populations, ethnicities, geographic location, and
socioeconomic development (Steinhagen-Thiessen et al., 2008 and Zhang et al., 2010). In
1901, Windaus revealed that the aortas of patients with atherosclerosis contain more cholesterol
than aortas of healthy people (Windaus, 1910 and Keizer, 2012). Later in 1913, Anitschkow
showed that feeding cholesterol to rabbits increased their plasma cholesterol and caused

atherosclerosis. In subsequent years, he found that the process of atherosclerosis starts with the
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formation of fatty streaks. Fatty streaks consist of white blood cells which have penetrated the
arterial wall. Later work of Anitschkow showed that these fatty streaks further develop into
advanced lesions containing connective tissue. These lesions displayed a great comparison to
early atherosclerotic lesions in humans (Anitschkow, 1913 and Keizer, 2012). A CVD
susceptible lipid profile consists of high traces of triglycerides (TG) and low-density
lipoprotein cholesterol (LDL) and decreased amounts of high-density lipoprotein cholesterol
(HDL). Atherosclerosis is the primary cause of stroke and heart attack. Early observations that
cholesterol is a key component of arterial plaques gave rise to the cholesterol hypothesis for
the pathogenesis of atherosclerosis. The cholesterol hypothesis accepts that LDL is a main
factor that gives rise to atherosclerosis. Population studies have established that increased
levels of LDL cholesterol and apolipoprotein B (apoB) 100, the main structural protein of LDL,
are directly associated with risk for atherosclerotic-oceurrences (Linton et al., 2019). Previous
studies have demonstrated that LDL is the-primary atherogenic lipoprotein (Nakamura et al.,
2006 and Cannon et al., 2004) and that HDL is the predominant anti-atherosclerotic lipoprotein
(Yang et al., 2014). Therefore, measurements-of total cholesterol, HDL, and LDL are widely
recommended for the early detection of plaque-and/or fatty streak formation in arteries (Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, 2001). In
a past study, simvastatin was used to reduce plasma cholesterol levels. Simvastatin is an
inhibitor of HMGCOoA reductase, which is the rate limiting enzyme of the mevalonate pathway
which is responsible for the formation of cholesterol. In the study plasma cholesterol was
decreased by about 25% and reduced the risk of death due to coronary heart disease by 42%
(Scandinavian Simvastatin Survival Study Group, 1994). Cheng et al also came to a similar
conclusion where patients received complete CVD risk reduction therapy, delipidation of
carotid plague and decreases in CIMT mainly occurred within 2 years, and correlated with

changes in risk factors/biomarkers (Cheng et al., 2016).
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Muscle layer  Fat Fatty Fatty New Narrowed  Thickened
of artery globule deposit deposit | muscle cell, artery

\ |
———

muscle layer

EARLY ATHEROSCLEROSIS ADVANCED ATHEROSCLEROSIS

Figure 5: Figure showing advances in atherosclerosis, in an artery, from an early stage to a

more advanced stage.

2.3.3. Ethnicity

es-0f ethnic difference in levels of
CVD risk factors include genetic, nVviror tural factors (Zaninotto et al., 2007).

There are several factors that contr of dyslipidaemia, including genetic

factors (Cohen et al., 1994) and élcqui_red factors (Ruixing et alj ,. 2008) such as overweight and
UNIVERSITY of the
obesity (Brown et al., 2000), ph)iskicilql_‘ Lﬁ‘aftﬁ‘f_i%(Qer%_?'ﬁ\alpjg.?g?; Hardman, 1999), cigarette
smoking (Arslan et al., 2008; Batic-Mujanovic et al., 2008), high fat intake (Hennig et al.,
2001; Tanasescu et al., 2004), very high carbohydrate diets (> 60% of total energy) (McNamara
and Howell 1992) and certain drugs (such as beta-blockers, anabolic steroids and progestational
agents) (Middeke et al., 1990; Stone 1994). Caucasians usually have higher mean total
cholesterol (TC) concentrations than people of African descent (Tolonen et al., 2005). African
men have been proven to exhibit a more favourable lipid profile compared with Caucasian
men, regardless of having the highest overall death rates from CVD. African men have similar

or lower LDL and TG but higher HDL levels compared with Caucasian men in general. The

difference in TG may be related to increased activity of lipoprotein lipase in African individuals
22
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(Sumner et al., 2005). Lipids and lipoproteins abnormalities are major metabolic disorders,
which commonly include increased levels of TC, LDL and TG and decreased levels of HDL.
Total fat (and saturated fat) intake has been shown to adversely affect total cholesterol

concentrations in children, adolescents, and young adults (Post et al., 1997).

2.3.4. Type 2 Diabetes

A previous study showed that in most of the ethnic groups, individuals detected with
undiagnosed diabetes had a worse lipid profile than diagnosed cases. Ethnic differences in the
risk of CVD and type 2 diabetes have consistently been identified, with the most studies
comparing the risk between African and Caucasian individuals. Age-, cohort- and BMI
adjusted mean TC, LDL and TG increased while the mean HDL decreased with more
pronounced glucose intolerance in most-of the ethnie.groups in individuals without a prior
history of diabetes. 65% to 80% of people with diabetes will die from heart disease (Grundy et
al., 1999). Compared to people without diabetes, people with type 1 and type 2 (especially
women) are at higher risk of devetoping heart disease, which-is usually asymptomatic, and at
an earlier age. Type 2 diabetes is'appearing asanew clinical hurdle within paediatric practice.
Insulin resistance is the anticipated link between obesity and vascular stiffness (Montagnani
and Quon, 2000). Although, there continues to be an increase in the frequency of type 2
diabetes mellitus in children and adolescents even if the incidence of obesity does not rise
(Reinehr, 2013). In patients with type 2 diabetes, it is most commonly characterised by elevated
TG and reduced HDL (Kendall, 2005). Cross-sectional studies have found positive associations
of atherosclerotic vascular disease with TC (Jurado et al., 2009), LDL (Agarwal et al., 2009;
Jurado et al., 2009), non-HDL (Jurado et al., 2009), and TG (Gomes et al., 2009), but inverse
associations with HDL (Smaoui et al., 2004; Gomes et al., 2009; Jurado et al., 2009). The

United Kingdom Prospective Diabetes study (UKPDS) has established that elevated LDL and
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decreased HDL are potentially modifiable risk factors for coronary artery disease (CAD) in
patients with type 2 diabetes (Turner et al., 1998). Results from the Multiple Risk Factor
Intervention Trial (MRFIT) (Stamler et al., 1993), in which 356,499 non-diabetic and 5163
diabetic men without CVD at baseline were studied for 12 years, indicated that serum
cholesterol is an independent predictor of CVD mortality in men with diabetes. Rosengren et
al., (1989) showed similar results in a study of 6897 middle aged diabetic men. Patients with
TC > 7.3 mmol/l had a significantly higher incidence of CVD during the 7-year follow up than

those with TC < 5.5 mmol/l (28.3% vs. 5.4%, p<0.05).

2.3.5. Anthropometry

The most basic method of assessing body composition are anthropometric measurements
(Roche, 1996). Anthropometric measurements-describe body mass, size, shape, and level of
fatness. Because body size changes-with-weight gain,-anthropometry provides a suitable

estimate of the general adiposity of an individual.

Body weight is the most frequently used measure of obesity. One would say that a person with
a high body weight typically has higher amounts of body fat. However, weight changes with
age in children as they grow and in adults as fat accumulates. Increased body mass and
adiposity has been associated with increased intima-media thickness in children and teenagers.
This association is present in children not considered overweight, highlighting the need for the
continued promotion of adequate nutritional and physical exercise behaviour during childhood

(Levitan, Wolk and Mittleman, 2009).

Body weight taken without other measures of body size can be misleading because a person's

weight is greatly correlated to their build. Stature is measured simply with a range of wall-
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mounted equipment (Chumla et al., 1998). One way to overcome the lack of specificity in body
weight is to use the body mass index (BMI). BMI is a descriptive guide of the physique of the
body that contains both the lean and the obese (WHO, 1995) and is formulated as weight
divided by height squared (kg/m?). Overweight is defined as a BMI of 25.0 to 29.9 kg/m?2
(WHO, 1998) obesity is defined as a BMI >30.0 kg/m? (Chumlea and Guo, 2000). An
important advantage of BMI is the availability of extensive national reference data and its
recognised connections with levels of body fatness, morbidity, and mortality in adults (WHO,
1995). BMI is mainly useful in monitoring the treatment of obesity, with a weight change of

about 3.5 kg required to produce a unit change in BMI.

Obesity is frequently associated with increased amounts of intra-abdominal fat. Abdominal
obesity has been shown to be a risk factor-for €D worldwide. Obesity may be associated with
hypertension, dyslipidemia, diabetes;-or insutin-resistance, and elevated levels of fibrinogen
and C-reactive protein, all of which are associated with an lincreased risk of cardiovascular
disease (Akil and Ahmad, 2011). A-generalised fat patternis-tinked with the occurrence of both
intra-abdominal (visceral fat) and subcutaneous-abdominal adipose tissue (Smith et al., 2001).
Abdominal circumference is an imperfect indicator of intra-abdominal adipose tissue, as it
consists of subcutaneous fat deposition, as well as visceral adipose tissue (Pouliot et al., 1994).
Persons in the upper percentiles for abdominal circumference are considered obese and at
increased risk for morbidity, specifically type 2 diabetes, and the metabolic syndrome as well
as mortality (Nicklas et al., 2004). There has been a steady increase in the prevalence of high
abdominal circumference in the general population from 10% to 20% in the 1960s to between
40% and 60% in the year 2000 (Okosun et al., 2004). Circumferences of other body segments

such as the arm and leg are possible (Lohman et al., 1992), but there are few reference data
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available for comparative purposes. Furthermore, the calculation of fat and muscle areas of the

arm is not accurate or valid in the obese.

Criteria for Abdominal Circumference

Risk Category Females Males
Very Low <70cm <80cm
Low 70-89cm 80-99cm
High 90-109cm 100-120cm
Very High >110cm >120cm

Table 2: Criteria for Abdominal Circumference (Lean, Han and Morrison, 1995).

Visceral fat likely contributes to increases-in-systemic inflammation and insulin resistance. A
research group discovered that \visceral fat in the abdomen was secreting high levels
interleukin-6 (IL-6) into portal vein blood. Increased IL-6 levels correlated with concentrations
of an inflammatory substance catied C-reactive protein (CRP)-in the body. High CRP levels
are related to inflammation, and chronic inflammation is associated with insulin resistance,
hypertension, type 2 diabetes, atherosclerosis, and cancer, among other things (Dryden, 2007).
The strong relationship between inflammation and cancer is shown by the high IL-6 levels in
the tumour microenvironment, where it promotes tumour growth by regulating all factors for
cancer metastasis. IL-6 protects the cancer cells from therapy-induced DNA damage, oxidative
stress and apoptosis by enabling the repair and initiation of countersignalling (antioxidant and

anti-apoptotic/pro-survival) pathways (Kumari et al., 2016).
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subcutaneous fat — abdominal muscle

Figure 6: In this abdominal MRI scan, it is possible to see subcutaneous fat around the
abdomen, surrounding abdominal muscles. Visceral fat is deeper inside the abdomen,
surrounding internal organs. It is the visceral fat that secretes IL-6, strongly suggesting a

mechanistic link to systemic inflammation(Dryden, 2007).

The ratio of abdominal circumference (often referred to incorrectly as “waist” circumference)
to hip circumference is a rudimentary index for describing-adipose tissue distribution or fat
patterning (Chumlea et al., 1992)." Abdomen-to-hip ratios’ greater than 0.85 represent a
centralised distribution of fat. Most men with a ratio greater than 1.0 and women with a ratio
greater than 0.85 are at increased risk for cardiovascular disease and diabetes (Seidell et al.,

1987).

Body fat is stored in the connective tissue known as adipose tissue. Body fat is thus a useful
metric to track the progress of an exercise and diet regimen. Skinfold measurements are used
to characterise subcutaneous fat thickness at various regions of the body, but it should be noted
that it has limited value in the overweight or obese adult. A few skinfold callipers take large

measurements, but this is not a significant improvement due to the difficulty of grasping and
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holding a large skinfold while reading the calliper dial. The majority of national reference data
available are for skinfolds at the triceps and subscapular locations. The triceps skinfold varies
considerably by gender and can reflect changes in the underlying triceps muscle rather than an
actual change in body fatness. Skinfolds are particularly useful in monitoring changes in fatness
in children because of their small body size, and most fat is subcutaneous even in obese children
(Malina and Bouchard, 1988), the statistical relationships between skinfolds and percent or
total body fat in children and adults are often not as strong as that of BMI (Roche et al., 1981).
Also, the true upper distribution of subcutaneous fat measurements remains unknown because

most obese children and adults have not had their skinfolds measured.

2.4. Ultrasonography

Since the method was first proposed-in-the-m1d-1980s-(Pignoli et al., 1986), the ultrasonic
evaluation of the intimal layers of the common_carotid arteries have gathered significant
scientific and clinical support as an early, preclinical, vascular marker (Magnussen, 2017).
Ultrasound imaging, also called ultrasound scanning or sonography, involves the use of a small
transducer (probe) and ultrasound gel placed directly on the skin. High-frequency sound waves
are transmitted from the probe through the gel into the body. The transducer collects the sounds
that bounce back and a computer then uses those sound waves to create an image. Ultrasound
examinations do not use ionising radiation (as used in x-rays), thus there is no radiation
exposure to the patient. Because ultrasound images are captured in real-time, they can show
the structure and movement of the body's internal organs, as well as blood flowing through
blood vessels. Ultrasonography can be used as a tool to assess the structural and functional
properties of the ventricles, including ventricular masses, volumes, and function (Moran and
Thomson, 2020). The carotid arteries and abdominal aorta allows itself to be studied by high-

resolution ultrasound devices because of its superficial location, is quite stationary, and runs
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parallel to the surface of the neck. Atherosclerotic plaque can be defined as a measured
protrusion of the intima-media thickness (IMT) of >1.5 mm into the lumen (Polak et al., 2011).
Intima-media thickness (IMT) is the area of tissue starting at the luminal edge of the artery and
ending at the boundary between media and adventitia, showing a double-line pattern Figure 7).
Using B-mode ultrasound is useful in representing the combined width of the carotid artery
intima and media that can be visualized in nearly all subjects (Polak et al., 2010). Some studies
have also indicated that CIMT <0.8 mm is associated with normal healthy individuals, and a
value of CIMT at or above 1 mm is associated with atherosclerosis and a significantly increased
CVD risk in any age group (Simon et al., 2002). Kumar et al., 2009 observed that CIMT of

healthy controls were 0.73 mm and < 0.7 mm, respectively.
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Figure 7: An ultrasound image of the common carotid artery (CCA): (a) border of carotid bulb
widening (0 mm), (b) CCA far wall lumen-intima interface, (c) media-adventitia interface.

Definitions of the CCA segment for measurement differ depending on study and convention
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but are typically measured in the vicinity 0—10 mm proximal to the border of the bulb widening
(a) (measurement area highlighted by yellow box). CCA IMT is taken as the distance between

(b) and (c) (Magnussen, 2017).

In 1986, Italian investigators described that a characteristic B mode image of the arterial wall
composed of two parallel echogenic lines separated by a hypoechoic space. The distance
between the two lines did not differ significantly from the intima—media thickness (IMT)
measured on pathologic examination, leading the investigators to suggest that B mode imaging
could present a useful approach to the measurement of IMT in vivo (O'Leary and Bots, 2010).
In another study of 1118 Spanish patients over 30 years of age, Aguilar-Shea et al identified
320 subjects as low-intermediate cardiovascular risk using the European Systematic Coronary
Risk Evaluation (SCORE). After an ultrasound-was. done, 18.4% of the subjects were
reclassified to the high-risk category,-suggesting that CHMT measurement could be a useful
preventive tool (Aguilar-Shea et al., 2011). An article by Hecht has further addressed the
importance of imaging tools in-the-primary preventionof-atherosclerosis (Hecht, 2011).
Carotid arteries are usually narrowed by a build-up" of plague which is made up of fat,
cholesterol, calcium and other substances that circulate in the bloodstream. Early diagnosis and
treatment of a narrowed artery can decrease stroke risk. Doctors may recommend a carotid
ultrasound if you have medical conditions that increase the risk of stroke, including: High blood
pressure, diabetes, high cholesterol, family history of stroke or heart disease, recent ischemic
attack or stroke, abnormal sound in carotid arteries, detected by your doctor using a stethoscope

and coronary artery disease.

The major advantages of ultrasonography are that it can be repeated as often as required, is

entirely non-invasive and it provides a continuous measure, since all subjects have a
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measurable artery wall. It is also moderately inexpensive to perform, and the technology is
widely available. Increased IMT has been shown consistently. Ultrasound imaging can
contribute to the detection of atherosclerosis by detecting advanced and early plaques,
evaluating the consequences of atherosclerosis in the vessel wall, and measuring plaque
neovascularization. For all these reasons, external ultrasound should likely continue to be
amongst the most widely employed and popular imaging techniques for the prediction of future
vascular events and quantification and monitoring of early detection of atherosclerosis helping

to prevent CVD later in life.
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CHAPTER 3

PROPOSED METHODOLOGY

3.1. Recruitment

63 Male and female participants aged 19 to 26 was recruited from The University of the
Western Cape in Cape Town, South Africa. A cross-sectional and retrospective study was
designed to determine if ultrasound is an appropriate tool in detecting changes in the IMT of
adolescents, as well as how IMT is changed by lipid profiles and anthropometric
measurements. Those with previous or current cardiovascular, systemic or metabolic disease
or on medication for such diseases (except oral contraceptives, hormone replacement therapy
or oral incontinence medication) were excluded from the study. In addition, those that were on
specific diets known to impact the test results, were pregnant or anaemic were also be excluded.

Written consent was obtained from each participant.

3.2. Ethical Approval

Ethical approval was obtained by the ethics committee of the University of the Western Cape

(#14/9/54).

3.3. Anthropometric Measurements

3.3.1. Weight measurement
Weight measurements was taken using an electric scale (scale name and accuracy to 0.1 kg)
(Frisard et al., 2005). BMI was then calculated using calculator.net with the formula: BMI =

kg/mz2.
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3.3.2. Abdominal and Hip Circumference

All measurements were measured while the subjects were wearing light clothing and not
wearing shoes. Waist and hip circumference measurements was taken using a flexible 1 cm
wide tape. The waist circumference was measured at the midpoint between the lateral iliac
crest and the lowest rib, and the hip circumference was measured at the maximal protrusion of

the greater trochanter.

3.3.3. Height Measurement
The height of each participant was measured using a stadiometer attached to a wall. The
participants were wearing no shoes and/or caps. The measurements were done to the nearest

0.01 m.

3.3.4. Skinfold Measurement

Skinfold measurements was done‘using-a skinfold catiper.

We measured:
Triceps skinfold thickness - We had the participant bend the elbow to 90 degrees and
mark the point midway between the top of the shoulder and elbow. Then, measured a
vertical fold (with the callipers at a 90° angle) was measured at that midway point with the
arm hanging naturally at the subject's side.
Subscapular - Measurements of the subscapular area were taken as a diagonal fold

(callipers held at a 45° angle) across the back, just below the shoulder blade.
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3.4. Blood Pressure Measurement

BP was measured 3 times in all participants, at 1-minute intervals, using the Microlife
electronic sphygmomanometer. The monitoring cuff was placed around the participant's non-

dominant arm. BP was calculated as the mean of the 3 measurements.

3.5. Haematology

Fasting blood sample were drawn by me, the researcher, through the finger prick technique.
This sample was taken for measurement of serum total cholesterol (TC), triglyceride (TG),
high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL) using
CardioCheck Plus by pts Diagnostics. Estimated values of serum LDL was calculated from the

TC, TG and HDL, using Frieldwald’s equation (Frieldwald et al., 1972).

3.6. Ultrasounds

For ultrasound of the carotid artery and abdominal aorta, the participant was asked to avoid
eating for 8 to 12 hours before the test. The participant was positioned lying in the supine
position on an examination table, Participants mayhave been turned to either side to improve
the quality of the images. After being positioned on the examination table, sonographer applied
a warm water-based gel to the area of the body being studied. The gel helped the transducer
make secure contact with the body and eliminated air pockets between the transducer and the
skin that can block the sound waves from passing into the body. The transducer was placed on
the body and moved back and forth over the area of interest until the desired images were
captured. There is usually no discomfort from pressure as the transducer is pressed against the

area being examined.
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3.7. Statistical Analyses

Data were compiled in MS excel Office 2010 and analysis was performed using the Statistical
Package for Social Science (SPSS) version 22. Descriptive statistics was generated to describe
the relationships between the different variables in order to verify a common ground between
the results, proving the hypothesis correct or invalid. Data were expressed as mean values +
standard deviations (SD) for continuous variables. T-test was used to compare means between
groups. Pearson correlation was used to study the relationship between the variables. P-value

of <0.05 was considered to be significant.
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CHAPTER 4

Results

The total number of participants for this study was 63. There were 17 males (27%) and 46
females (73%) in the sample. The mean ages of males and female subjects were 21.2 £ 2.5 and
21.6 + 2.1 years, respectively. Among subjects 29% of males and 37% of females had high
BMI values and 24% were smokers but none were diabetic. The mean BMI values were 24.60

+5.23 kg/m2 and mean WC values of 77.43 + 14.50 cm.

The mean values of LDL cholesterol, HDL cholesterol, TC and Glucose in mg/dl among all
the subjects (entire group) were 1.88-+ 1.22 and - 1.41 £ 0.58, 3.74 = 1.69 and 4.21 + 0.62,
respectively. And the mean values of right CIMT, left CIMT, and AIMT in mm among all the
subjects (entire group) were 0.64 + 0.12 and 0.63 £ 0.11, 1.06 + 0.23, respectively, as shown

in Table 4.1.

4.1. Differences Between the Variables Measured

Table 4.1. Mean values for anthropometric ,clinical and ultrasound measurements for the

whole group

Variables Mean Standard Median Min Max
Deviation

Hip (cm) 100.659+ 10.764 98.750 78.5 121

Waist (cm) 77.429+ 14.495 74.250 61.5 116

Skinfold Arm (cm) 19.786%+ 8.848 19 4 45

Skinfold Scapular (cm) 18.889+ 9.487 17 7 47
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BMI (kg/m2) 24.5738+ 5.228 23.7 17.2 36
LDL (mg/dl) 1.8807+ 1.218 1.7 0.03 7
HDL (mg/dl) 1.4123+ 583 1.29 72 311
Cholesterol (mg/dl) 3.7403% 1.684 3.54 0.89  10.36
Triglycerides (mg/dl) 1.4119+ 1.071 1.03 0.7 441
Glucose (mg/dl) 4.2115+ .619 4.2 3 6
Right Carotid Artery .640+ 115 0.6 0.5 1.1
(mm)

Left Carotid Artery (mm) .628+ 111 0.6 0.4 1
Abdominal Aorta (mm) 1.055+ 227 1 0.8 1.8

T-tests were used to determine the differences between the variables measured. As per table
4.2, skin fold thickness (p<0.001) measurements were significantly higher in females compared
to males. It was observed that there was not a-significant difference between the gender of

participants except for skinfold thicknesses -of -ihearm(p<0.001), females have more

subcutaneous fat compared to males.
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Table 4.2. Differences between waist hip ratio, triceps and subscapular skinfold thickness, body mass index (BMI), systolic blood pressure (SBP),
diastolic blood pressure (DBP), pulse rate (PR), low density lipoproteins (LDL), high density lipoproteins (HDL), triglycerides (Trig), total

cholesterol (TC), glucose, abdominal aorta, right carotid vein and left carotid vein.

Variables Male Female Sig.
N Mean = SD Cl (95%) N Mean = SD Cl (95%) (Between groups)
Hip (cm) 17 98.85+9.5 93.98(103.73) 46 101.33+11.2 98(104.66) 423
Waist (cm) 17 78.65+11 4.69(64:7T)———-246 78.44+12.4  74.76(82.11) 951
Skinfold Arm (mm) 17 12+6.1 1.43(8.86) 46 22.66+8 1.17(20.3) <.001
Skinfold Scapula (mm) 17 13.79+6.7 1.62(10136) || |l46 ||| 20.77+9.7 1.43(17.88) .008
BMI (kg/m?) 17 23.29+4.7 1:13(20189) || 146 !Il _2505+5.4 23.45(26.65) 238
SBP (mmHg) 17 12759+18.8  117:91(137:27). - 146 120.63+15.2  116.12(125.14) 136
DBP (mmHg) 17 8271128 76.42(89:129) 46 77122+9.8 74.32(80.11) 074
PR (min) 17 75.06+13.8 67.97(82.15) 46 80.07+10.8  76.85(83.28) 136
LDL (mg/dl) 16 2.37+2 1.31(3.42) 42 1.740.7 1.48(1.91) .060
HDL (mg/dl) 17 1.58+0.8 1.16(1.2) 44 1.35+0.5 1.2(1.49) 173
39

https://etd.uwc.ac.za/



Trig (mg/dl) 17 1.67+1.2 1.04(2.3) 44 1.31+1 1.01(1.62) 246

TC (mg/dl) 17 4.37£3 2.85(5.89) 44 3.5+0.7 3.29(3.71) 071
Glucose (mg/dl) 17 4.4+0.7 4.03(4.77) 44 4.14+0.6 3.97(4.31) 141
Right CIMT (mm) 16 0.68+0.2 0.6(0.76) 43 0.63+0.1 0.6(0.66) 102
Left CIMT (mm) 16 0.66+0.1 0.58(0.73) 43 0.62+0.1 0.59(0.65) 252
Abdominal AIMT (mm) 16 1.090.3 0.95(1.24) 43 1.05+0.2 0.99(1.11) 499

Abbreviations: BMI- Body Mass Index, SBP- Systolic Blood Pressure;-DBP- Diastolic Blood Pressure, PR- Pulse Rate, LDL- Low Density
Lipoproteins , HDL- High Density lipoproteins, Trig- Triglycerides, TC- Total Chalesteral, CIMT- Carotid Artery Intima-media thickness, AIMT-

Abdominal Aorta Intima-media Thickness.
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There was a significant positive correlation between the following variables whilst controlling
for gender: Right CIMT and BMI (r?=0.092, p=0.020), Right CIMT and LDL (r?=0.076,
p=0.044), Right CIMT and HDL (r?=0.087, p=0.026), Right CIMT and Cholesterol (r>=0.018,
p<0.001), Right CIMT and Triglycerides (Trig) (r>=0.18, p<0.001). Left CIMT and BMI
(r=0.081, p=0.030), Left CIMT and LDL (r2=0.12, p=0.009), Left CIMT and HDL (r2=0.08,
p=0.031), Left CIMT, Left CIMT and Cholesterol (TC) (r?=0.18, p<0.001), and Triglycerides
(r>=0.07, p=0.049). Abdominal AIMT and Triglycerides (r>=0.08, p=0.032), according to Table

4.3.

Table 4.3. Bivariate Correlation of variables whilst controlling for gender

BMI LDL HDL TC Trig Glucose
Right CIMT R 303 - 295 428 423 144
Sig. .020 .044 .026 .001 .001 .286
Left CIMT R .284 .350 .286 423 .263 .082
Sig. .030 009 ;031 001 .049 546
Abdominal R 119 .073 -.004 .048 .285 .007
AIMT Sig. 371 599 977 725 032 1950

Abbreviations: CIMT- Carotid Artery Intima-media thickness, AIMT- Abdominal Aorta

Intima-media Thickness.

There was a significant positive correlation between the following variables whilst controlling
for gender and BMI: Right CIMT and Cholesterol (r?=0.18, p=0.002), Left CIMT and

Cholesterol (TC) (r>=0.14, p=0.007), Left CIMT and Right CIMT (r>=0.45, p=0.001) and
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Abdominal AIMT and Left CIMT (r>=0.1, p=0.026), HDL and LDL (r?=0.22, p=0.001),
Cholesterol and LDL (r?=0.76, p=0.001), Cholesterol and HDL (r?=0.42, p=0.001), Glucose
and LDL (r?=0.4823, p=0.001) and Glucose and Cholesterol (r?=0.17, p=0.003), according to

Table 4.4.

Table 4.4. Correlation of variables while controlling for the effect of gender and BMI

Control Variables LDL HDL TC Trig Glucose
Right CIMT r 172 270 342 416 .040
sig 224 .053 .013 .002 176
% Left CIMT r 272 270 372 241 021
g sig .051 .053 .007 .086 .880
g Abdominal r 009 -072 -.038 .166 -.046
AIMT sig 949 610 ./89 .238 Jq47

There was a significant positive correlation between the following variables whilst controlling
for gender: Glucose and LDL (r?=0.24, p=0.001), Glucose and Cholesterol (r>=0.18, p=0.002),
Right CIMT and Cholesterol (r?=0.15, p=0.004), Right CIMT and Triglycerides (r?=0.21,
p=0.001), Left CIMT and LDL (r?>=0.1, p=0.022), Left CIMT and Cholesterol (r?>=0.17,
p=0.002), Left CIMT and Triglycerides (r?=0.09, p=0.031), Left CIMT and Right CIMT
(r>=0.5, p=0.001), Scapula Skinfold and Tricep Skinfold (r?=0.71, p=0.001), HDL and LDL
(r>=0.22, p=0.001), Cholesterol and Weight (r>=0.1, p=0.019), Cholesterol and LDL (r?=0.77,
p=0.001), Cholesterol and HDL (r?>=0.41, p=0.001), Abdominal AIMT and Tricep Skinfold
(r>=0.13, p=0.011) and Abdominal AIMT and Left CIMT (r?=0.11, p=0.015), shown on Table

4.5.
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Table 4.5. Correlation of variables while controlling for the effect of gender

Control Variables Skinfold Skinfold LDL HDL TC Trig Glucose
Arm Scapular

Right CIMT R 249 165 .230 .265 .388 462 .087
Sig 072 .239 .098 .055 .004 .001 537
- Left CIMT R 192 147 315 .269 412 .296 .062
E Sig 169 295 072 052 .002 .031 .658
Abdominal R 346 189 1035 =066 -.009 192 -.027
AIMT Sig 011 176 .802 .639 951 169 .846

Abbreviations: CIMT- Carotid Artery Intima-media thickness, AIMT- Abdominal Aorta Intima-media Thickness.
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Females have a higher waist measurement and tricep (22.66£8 mm) and scapular (20.77£9.7
mm) skinfold thickness. This is due to females having higher amounts of subcutaneous fat than
males, as shown in figure 4.1. The higher weight of males was possibly due to males being
taller than females, shown in the BMI measurement, males have a lower BMI.

MBI

W Weight

80 M Waist

M Skinfold Arm
Skinfold Scapular

Keys: 0- Female
1- Male

G0

Mean

40
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Figure 4.1: Bar graph showing the mean values of BMI, Weight, Waist measurement and

Tricep and Scapular skinfold thickness based on Gender.

Males tended to have much higher levels of LDL, cholesterol and triglyceride. The intima
media thicknesses were basically the same for both genders showing that gender does not

influence its thickness, as shown in figure 4.2.
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Figure 4.2: Bar graph showing the mean Systolic, Diastolic and Pulse Rate according to

Gender.

Glucose measurements and the Right and Left CIMT and the Abdominal AIMT readings based

on, Gender, as viewed in Figure 4.3.
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Figure 4.3: Bar graph showing the mean LDL, HDL, Total Cholesterol, Triglycerides and
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Males and females both had results that were skewed to the right, implying that 50% of the
participants fell into waist measurements in a more condensed lower range and 50% of the

participants’ results were more scattered, according to figure 4.4.

Keys: 0- Female
1200 20 1- Male

1000

g0.0

Waist

60.0

400

200

Gender

Figure 4.4: Box plot showing waist measurement according to gender.

Females had a higher variation in results, the data was uniformly distributed. Male values were
skewed to the right, where 50% of males fell into.the lower-quartile range showing that more

males have similar lower LDL levels than females, except for the outliers, shown in figure 4.5.
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Figure 4.5: Box plot showing LDL levels according to gender.

Both male and female plots were skewed to the left. The results explain that 50% of the
participants fell into lower ranges of HDL values. Females had a more consistent distribution

of results compared to males, in figure 4.6,
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Figure 4.6: Box plot showing HDL levels according to gender.
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Males have a lower clustered cholesterol reading compared to females. Both groups were

skewed to the left, as per figure 4.7
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Figure 4.7: Box plot showing total-cholesterol levels-according to gender.
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Both females and males were skewed to the right, implying that 50% of the results had scattered

results. Females, in general, had lower triglyceride levels than male, shown in figure 4.8,
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Figure 4.8: Box plot showing triglyceride levels according to gender.
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Females’ results were skewed to the right, implying that the values were clustered in the higher

glucose amounts. Females tended to have lower glucose readings than males. Male results were

skewed to the left, thus having the opposite reflection of results to females, according to figure

4.9.
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Figure 4.9: Box plot showing glucose levels accarding to gender.

Male and female readings where in similar proportions, not much change in the values of right

CIMT. Both were skewed to the right, as shown in figure 4.10.
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Figure 4.10: Box plot showing right carotid intima media thickness according to gender.

As per figure 4.11, male and female have eonsistent-fow-and-high values with skewed results.
Males have more variation in their results and skewed to the left, implying that 50% of males
are clustered into higher IMT measurements. 50% of females were more disposed to lower

IMT values, being skewed to the right.
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Figure 4.11: Box plot showing left carotid intima media thickness according to gender.

As shown in figure 4.12, males were skewed to the right; females were slightly skewed o the
right but more evenly distributed than males. Females had lower abdominal aorta IMT values

than males.
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Figure 4.12: Box plot showing abdominal aorta intima media thickness according to gender.
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4.2. Correlation Between the Variables Whilst Controlling for Age, BMI,

Smoking and Birth Weight

The objectives of the study were to find relationships between BMI, and Birth Weight and the
variables. Correlations were analysed and controlled for the above-mentioned variables to find

relationships between them and the variables.

Table 4.6. Correlation between Age and body mass index (BMI), low density lipoproteins
(LDL), high density lipoproteins (HDL), triglycerides (Trig), total cholesterol (TC), glucose,

abdominal aorta, right carotid vein and left carotid vein.

BMI LDL HT TC Trig Glucose
Age R 232 151 *© -.055 = 119 -.232
Sig .068 258 Jil_TT g8l 1T Tihodll 361 072

A significant result between age and the left CIMT (p=0.025) as shown in Table 4.7. No

other significance was found.

Table 4.7. Correlation between Age and IMT of the arteries.

Age N Correlation Sig.
Right CIMT 60 129 327
Left CIMT 60 290 025
Abdominal AIMT 60 .053 .687
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There was a significant positive correlation between the following variables whilst controlling
for birth weight: Glucose and Scapula Skinfold (r?=0.16, p=0.033), Left CIMT and Right CIMT
(r>=0.48, p<0.001), Scapula Skinfold and Tricep Skinfold (r?=0.74, p<0.001), Cholesterol (TC)
and LDL (r>=0.21, p=0.013) and Triglyceride and HDL (r?= 0.14, p=0.04). Triglycerides and
HDL which had a negative correlation but is significant. There was no significance between

the IMTs and the risk factors according to birth weight, according to Table 4.8.
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Table 4.8. Correlation of variables while controlling for the effect of birth weight

Control Variables Skinfold  Skinfold LDL HDL TC Trig Glucose
Arm Scapular

Birth Right CIMT R 247 .034 -.042 -.002 J11 340 -.286
Weight Sig 196 .862 .830 993 .568 071 132
Left CIMT R 203 .055 147 .057 124 .043 -.205
Sig 292 ol 448 .768 522 .823 .285
Abdominal R 341 1152 268 =264 .044 167 -.051
AIMT Sig .070 433 160 171 821 .386 794

There was a significant positive correlation between the following variables whilst controlling for smoking: Scapula Skinfold and Tricep Skinfold
(r>=0.71, p=0.001), HDL and LDL (r?=0.25, p=0.001), Cholesterol (TC) and LDL (r?=0.79, p=0.001), Cholesterol (TC) and HDL (r?>=0.45,
p=0.001), Glucose and LDL (r?=0.26, p=0.001), Glucose and Cholesterol (TC) (r’=0.2, p=0.001), Right CIMT and LDL (r>=0.07, p=0.039), Right
CIMT and HDL (r?=0.13, p=0.009), Right CIMT and Cholesterol (TC) (r?>=0.19, p=0.001), Right CIMT and Triglycerides (r?>=0.23, p=0.001), Left

CIMT and LDL (r?=0.13, p=0.009), Left CIMT and HDL (r?=0.12, p=0.014), Left CIMT and Cholesterol (r>=0.2, p=0.001), Left CIMT and
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Triglycerides (r>=0.1, p=0.02), Left CIMT and Right CIMT (r?=0.52, p=0.001), Abdominal AIMT and Right CIMT (r?=0.12, p=0.014) and

Abdominal AIMT and Left AIMT (r?=0.14, p=0.006), according to Table 4.9.

Table 4.9. Correlation of variables while controlling for the effect of smoking

Control Variables Skinfold  Skinfold LDL HDL TC Trig Glucose
Arm Scapular

Right CIMT R .099 101 285 357 439 477 114

sig 481 471 039 .009 <.001 <.001 417

@ Left CIMT R .064 .087 1855 336 449 318 .089
Ug) sig .647 $Bb 1009 014 <.001 .020 528
Abdominal R 225 119 .063 -.104 012 245 .007

AIMT sig 105 .395 .656 457 932 .076 962
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4.3. Relationships Between Means of Variables Compared to BMI
(Grouped)
The results show a significance in cholesterol (p= .004), blood pressure (p<0.001), the left

carotid artery (p=0.007), waist measurements (p=0.037) and waist-to-hip ratio (p=0.027)

compared to BMI.

BMI

F Sig.
LDL 1.623 148
HDL 1.257 318
Cholesterol (TC) 3.521 .004
Triglycerides et - 345
Glucose e 778
Blood Pressure T T [s.Bde 11 <.001
Right CIMT 2.062 116
Left CIMT 4411 .007
Waist 2.281 .037
Waist-Hip Ratio 2.445 027

Table 4.10. Analysis of variance between means of variables

4.4. Waist and Waist-To-Hip Ratio Compared to Variables for Increased

Risk of CvVD
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Waist circumference measurements and waist-to-hip ratio both associated with BP

measurements (p<0.000 and p<0.000, respectively), the right CIMT (p=0.002 and p=0.039,

respectively) and the left CIMT (p<0.001 and p=0.002, respectively) of the participants. Waist-

hip measurements associated with total cholesterol (TC) (p=0.046), as shown in Table 4.11.

Table 4.11. Bivariate correlation of variables

LDL HDL TC Trig

Glucose BP Right Left Abdominal

CIMT CIMT AIMT

Waist 106 469 .064 .129

621 <.000 .002 <.001 0.304

Waist .067 .176 .046 .912

-Hip

4.5. Chapter Summary

324 <.000 .039 .002 919

This chapter defines the severity of tipid levels of participants by comparing it to IMT. The

chapter also summarizes the influence gender, race and other factors has on the different

variables through the use of correlation analysis. Multiple statistical analyses were done to

prove the effectiveness of ultrasound in early detection of plaque/fatty streaks in the intima-

media of arteries.
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CHAPTER 5

DISCUSSION

5.1. Introduction

The aim of the study was to examine changes in lipid profile and compare it to ultrasound
measurements of AIMT and CIMT in an adolescent population, with regards to gender, race

and body mass index (BMI).

Cardiovascular disease is the leading cause.of-mortality and morbidity worldwide (Khanna et
al., 2019). The first clinical manifestation of cardiovascular disease often arises in a stage of
well-advanced atherosclerosis. Around 90% of cardiac related deaths are due to cardiovascular
risk factors such as race, gender,-age, diabetes, smoking, BMI, hyperlipidaemia, and
hypertension (McEvoy et al., 2015). However, the conventional risk factors do not explain
morphological changes in the blood" vessels; 'such-as an"increase in the intima-media
thicknesses (IMT) of arteries (Schlendorf et al., 2009). Males are said to have a higher
incidence rate as compared to females (Howard et al., 1993, Bots et al., 2017). Ultrasounds are
a common tool for a non-invasive and cost-effective procedure that provides visualisation of
blood vessels and the atherosclerotic plaque and increases fat layer deposited within the vessel
wall (intima-media layer) in patients already diagnosed with a heart condition (Suri et al.,
2005). Not much is known about the use of ultrasounds as an effective way to measure the IMT

of arteries of those not diagnosed with a predisposed CV problem. In this study we aimed at
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detecting early signs of CVD by viewing the IMT of the carotid and abdominal aorta by means

of an ultrasound.

5.2. A Review on CIMT and AIMT with Regards to Age.

Previous studies have considered the relationship between CIMT and AIMT and its risk factors
(Heilman et al., 2009). A well-known subclinical marker of atherosclerosis is CIMT and a
strong predictor of cardiovascular events (Soliman et al., 2010). According to Davis et al.,
AIMT increased with age at a greater rate than CIMT (Davis et al., 2010). The build-up of
lipids in the intimal layer of arteries forming fatty streaks is said to be an early sign of the
atherosclerotic process, which leads to morphological changes that has an influence on vascular
function. This can ultimately lead to coronary artery disease (CAD) and stroke (Gooty et al.,
2018). The intima-media layer of -the carotid-and-abdominal aorta thicknesses are also
important markers for atherosclerosis (Davis et al.,.2010.and Abd EI Dayem et al., 2016), which
indicates the presence of the disease and its development (Awad and Abbas, 2017). Studies
have been focusing on preventive measures for atherosclerosis beginning during childhood to
reduce the risk of heart disease later in life (McGill, Jr. etal., 2008 and Dauvis et al., 2010). A
close relationship of IMT with several cardiovascular risk factors has been found. A previous
study had shown that both the carotid and femoral IMTSs increased significantly with age, and
the IMT was greater in men than in women (Ando et al., 2000). The CIMT was estimated to
increase by 0.04mm for every 10 years. These findings were supported by the EAS (The

Edinburgh ARTERY Study) (Allen et al., 1997).

Childhood and adolescent obesity continue to be a major health issue due to its considerable
health implications and to the economic burden that occur from treating this disease and its

complications. Being overweight as a child can cause health problems, and children may be
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affected psychologically. Latest studies show that in the adult population, cardiovascular
disease is the main cause of mortality and morbidity among obese patients. These risk factors
will then continue and become increasingly worse if obese youth remain obese as they reach
adulthood. (Brown et al., 2019 and Ho et al., 2019). A study suggested that obesity in childhood
and adolescence increased the incidence of cardiovascular disease risk factors which, in turn,
increases the risk of cardiovascular morbidity, including ischemic heart disease, stroke, but
also non-ischemic heart disease-related cardiac pathologies, and mortality in adulthood

(Sommer and Twig, 2018).

This study focused on the adolescent age group (21.5 * 2.2 years), taking one ultrasound
reading of the right and left carotid arteries and the abdominal aorta, respectively, and viewing
those images for any early signs of plaque-and/orfatty-streak build up in the intima. There was
no relation between age and signs of plague and/or fat mantfestation in the artery walls of the
right CIMT and the AIMT but there was a significance between age and the left CIMT (p =
0,025) [Table 4.7]. This was possibly due closeness i the-age range in the study, as was stated
before that the IMT increases by 0.04 mm'every 10'years (Allen et al., 1997). Our age range
was possibly too small (<10 years) to compare the fact that there was an increase within that
time bracket. The other factor may have been that average number of participants in the group,
which was only 63, was too small of a sample size. In this study, age did not show any
significant correlation with body mass index (BMI) (r>=0.05, p=0.068), low density
lipoproteins (LDL) (r?=0.02, p=0.258), high density lipoproteins (HDL) (r>=0.003, p=0.676),
triglycerides (Trig) (r>=0.01, p=0.361), total cholesterol (TC) (r?=0.01, p=0.432), glucose
(r>=0.05, p=0.072) [Table 4.6], abdominal aorta (p=0.627) and right carotid artery (p=0.387)
[Table 4.7]. Because our group of participants had a small age difference, there was almost no

change in the values. Previous studies suggest more women with carotid plague have a normal
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IMT. This may explain why IMT failed to be predictive of CV risk in women (Matangi et al.,
2019). Plaque build-up in the IMT is predictive of increased CVD risk in both male and

females.

5.3. Relationship Between BMI and Tested Variables

In medical practice, anthropometric measurements such as BMI and waist circumference are
frequently used to measure general and abdominal adiposy. In most existing literature on
children, associations of IMT and adiposity are compared between lean and obese youth (Park
etal., 2015). In a more current study, even though most of the youth in the study were not obese
and/or generally healthy, BMI correlated with CIMT measurements. This showed that
maintaining normal fat levels and other risk factors may be useful in preventing early changes
associated with atherosclerosis (Goety et al:;,2018). Waist circumference is a composite
measure of subcutaneous and visceral abdominal-adipose tissue (van den Munckhof et al.,
2017). A higher cardiovascular mortality was observed in men with an increased abdominal
diameter (Wirth and Steinmetz, 1998). Prior epidemiologic studies have shown that increasing
body mass index (BMI) is associated with higher total cholesterol and low-density lipoprotein
cholesterol (LDL) (Shamai et al., 2010). Numerous epidemiologic studies have demonstrated
a direct correlation between increasing BMI and elevated TC, LDL, and triglycerides and an
inverse relationship with HDL (Krauss et al., 1998). Our findings showed a significanct
correlation between BMI and cholesterol (p=0.004), blood pressure (p<0.001), the left carotid
artery (p=0.046), waist measurements (p<0.001) and waist-to-hip ratio (p<0.001) [Table 4.10].
The results express that increasing body mass index may lead to increases in cholesterol, blood
pressure and, in turn, cardiovascular events, suggesting the need for better preventative

measures for the increase in BMI, as well as the treatment of hypertension and better lifestyle
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methods (Linderman et al., 2018). Results expressed that higher BMI was associated with

higher cholesterol (TC) levels in the participants.

The current study was one of the firsts performed in South Africa in early detection of increased
IMT, in university students (adolescents aged 19-26 years), through means of ultrasonography
and comparing them to the risk factors associated with CVD. By statistically comparing the
variables, we came to the conclusion that they are interrelated and could predict risk for CVD
later in life. More could have been done in the current study, but since we had a small sample
size and the ratios of male to female and race were unproportioned and not all questionnaires

were returned, results slightly varied from previous studies.

5.4. Relationship Between Bloed Pressure-and Lipid Profile and Blood

Glucose Levels

Hypertension is one of the biggest risk factors forincreased occurrence of CVD worldwide. In
recent studies, high blood pressure (BP) and prehypertension have also been proven as risk
factors for CVD (Kokubo and Kamide, 2009). Increased BP is the most probable cause of CVD
and stroke (Imano et al., 2009). The prevalence of glucose intolerance has shown to be a key

problem as well as a risk factor for CVD (Doi et al., 2010).

Assessment of the collective influence of these two risk factors is vital in preventing CVD
because elevated BP is a detrimental risk factor of CVD incidence (Kokubo et al., 2010). There
have been a few population studies on the association between the occurrence of hypertension
together with DM and the risk of stroke and coronary heart disease (CHD) (Hu, Jousilahti and
Tuomilehto, 2007). However, few population cohort studies have evaluated the impact of the

combination of BP and fasting glucose on the risk of CVD (Kokubo et al., 2010). Our study
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aided in filling those missing blocks. Our findings show that BMI had a positive significance

associated with blood pressure (p<0.001) [Table 4.10].

5.5. The Role of Central Obesity (Increased Waist Circumference) and BMI,
Blood Pressure (BP), Lipid Profile and Blood Glucose as Cardiometabolic

Risk Factors

For the past 30 years the occurrence of obesity has been on the increase worldwide, possibly
because of calorie consumption increase and decreased physical activity (Swinburn et al.,
2011). Both BMI and WC are extremely age-dependent in adolescents. BMI and WC are
frequently used factors to define obesity and central adiposity. Obesity and abdominal adiposity
have been shown in studies to be risk factors for cardiovascular disease (Yoo, 2016). Waist
circumference and waist to hip ratio-are mere-accessible universal screening tools than BMI to

detect health risks and is cheaper and easier to use:

Our study showed a significant relationship between waist to hip measurements and waist
circumference measurements on, BP. measurements (p<0.000,and p<0.000, respectively), the
right CIMT (p=0.002 and p=0.039, respectively) and the left CIMT (p<0.001 and p=0.002,
respectively) of the participants. Waist-hip measurements had a significant influence on total
cholesterol (TC) (p=0.046) [Table 4.11]. This correlates with the association of waist

circumference and CIMT and BP.

In conclusion, according to the results of our study it was shown that lipoproteins do in fact
play a role in the thickness of arteries. If the participant is found to have a higher-than-average

IMT and does not change their lifestyle habits, this could result in heart disease later in life.
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Previous studies have shown that changing lifestyle habits may work in the favour of the

participant when plaque and fatty streak build up in arteries are found in the early stages.

64

https://etd.uwc.ac.za/



CONCLUSION

As CVD continues to rise not only in South Africa but worldwide, more aggressive and readily
available approaches are required to manage CVD in South Africa and other countries. The
current study found that ultrasounds are confirmed to be a useful non-invasive, low cost and
easily accessible tool to detect even the smallest changes in the intima-media thickness of
arteries. Results from this study showed that CVD is directly associated to CVD risk factors
and lipid levels in the body. Previous studies have shown that if lifestyle habits changed, the
risk for CVD would drop significantly. Our study was not done over a period of time therefore
this hypothesis could not be included in the study. Also, further research would aid in
identifying CVD before it progresses, by urging lifestyle changes and subsequently a decrease
in risk factors and in turn decrease the severity of the disease-later in life. Prevention is better

than cure.
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