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ABSTRACT
BACKGROUND AND AIM
Human immunodeficiency virus (HIV) and/or antiretroviral therapy (ART) through direct
or indirect mechanisms may induce risk factors for developing cardiovascular disease
(CVD) such as diabetes mellitus, dyslipidaemia, hypertension, lipodystrophy and
endothelial dysfunction. Furthermore, some traditional risk factors such as low physical
activity, low intake of fruit and vegetables, increased body mass index (BMI), smoking,
genetic predisposition and age still have important roles in the development of metabolic
risk factors for CVD in HIV infected people. Studies have suggested increased CVD risk
factors in HIV infected when compared to uninfected people. The present study assessed
the CVD risk factors, the estimated 5-year Data Collection on Adverse Effects of AntiHIV Drugs (D.A.D) risk score and the 10-year Framingham risk score in persons with HIV
infection in a rural area in South Africa.

STUDY DESIGN AND SETTING
The present study comprised of two phases. The first phase was a cross-sectional substudy of the project on “Prevention, Control and Management of Chronic diseases in a
rural population, South Africa”, conducted in the Dikgale Health and Demographic
Surveillance System (HDSS) Centre between August 2011 and February 2012. The
second phase was a cross-sectional study conducted in the Primary Health Care clinics,
Seobi-Dikgale, Sebayeng and Dikgale that are situated within the Dikgale HDSS site. The
Dikgale HDSS site is a rural area situated 20 to 40 km from University of Limpopo, in
Capricorn District, Limpopo Province

STUDY POPULATION
Eight hundred and fifteen randomly selected people participated in the main project.
Those who tested positive for HIV following pre-counselling and were not on ART (89
people) and their age and gender matched HIV negative (178 people) randomly selected
from those who tested negative for HIV were included in Phase 1 of the present study. In
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Phase 2 of the study, a non random sample of 214 people on ART participated. The study
excluded pregnant women and non-residence in Dikgale HDSS site.

OUTCOME MEASURES
Data on demographic status, lifestyle, chronic disease, blood pressure and
anthropometric measurements were collected using the World Health Organization
stepwise approach to surveillance (STEPS) questionnaire. Blood pressure and
anthropometric measurements were done using standard procedures.

Biochemical analysis were performed using ILab 300 Plus Chemistry (Instrumentation
Laboratory Company, Italy) and IMMAGE Immunochemistry System (Beckman Coulter,
United States of America). Lipoprotein subclasses were analysed using polyacrylamide
gradient gel electrophoresis (PAGGE). HIV screening was performed using Elisa based
kits, HIV ½ Ag/Ab Combo and DoubleCheckGold Ultra HIV1/2 kits, both supplied by
Inverness Medical, Japan. The CD4 count was determined using the PIMA analyser
(Inverness

Medical,

Tokyo,

Japan).

Viral

load

testing,

using

the

branched

deoxyribonucleic acid (DNA) technique (Siemens, South Africa) was outsourced to Toga
Molecular Biology and Pathology medical laboratories, South Africa. Estimates of 5 and
10-year CVD risk were calculated using online tools.

RESULTS
ART naïve HIV infected people had a mean age of 49.7 ± 16.8 years. Their median viral
load was 3536 (50-18860) copies/ml and CD4 count was 377 ± 192 cells/mm3. A
comparison of CVD risk factors between ART naïve HIV infected and HIV negative people
showed a similar prevalence. However, the prevalence of low HDL-C was higher (62.4%
vs 41.6%, p value 0.001) and hypercholesterolaemia was lower (17.4% vs 38.2%, p value
0.001) in ART naïve HIV infected than in uninfected people. The proportion of large LDLparticles was lower (79.9 ± 5.4% vs 81.3 ± 4.7%, p value 0.048) and the proportion of
small LDL-particles was higher (20.1 ± 5.4% vs 18.7 ± 4.7%, p value 0.04) in ART naïve
HIV infected than in uninfected people. The proportion of large and small HDL-particles
were not different between ART naïve HIV infected and uninfected people.
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The study showed that tobacco use was higher, while the prevalence of obesity and
abdominal obesity was lower in males than in females, irrespective of HIV status. A higher
proportion of ART naïve HIV infected than uninfected females used alcohol (25.4% vs
11.9%, p value 0.02).
Among ART naïve HIV infected people, an age more than 50 years increased the
likelihood of being physically inactive (OR: 3.27, p value <0.05) compared to an age less
than 50 years. In addition people more than 50 years of age were more likely to be
hypertensive (OR: 4.05, p value <0.05) and diabetic (OR: 1.17, p value <0.05) than people
less than 50 years of age. Males were more physically active than females and were more
likely to use tobacco (OR: 6.78, p value <0.05) than females. The use of tobacco was
more likely to be associated with diabetes mellitus (OR: 7.95, p value <0.05) than nontobacco use. A viral load of more than 50 copies/ml was more likely to be associated with
a low HDL-C concentration (OR: 7.37, p value <0.05), a high TC/HDL-C ratio (OR: 2.51,
p value <0.05), a high ApoB/ApoA ratio (OR: 2.45, p value <0.05) and a high TG/HDL-C
ratio (OR: 1.58, p value 0.05) than a viral load of less than 50 copies/ml. The presence of
abdominal obesity was more likely to be associated with hypertension (OR: 10.95, p
value<0.05), a high TC level (OR: 7.67, p value <0.05) and a high TG level (OR: 3.44, p
value <0.05) compared to an absence of abdominal obesity. People with a CD4 count of
below 300 cells/mm3 were less likely to be hypertensive (OR: 0.16, p value <0.05) and
hypercholesterolaemic (OR: 0.04, p value 0.05).The CD4 count was positively associated
with large HDL-particles and negatively associated with small HDL-particles. Abdominal
obesity was positively associated with large HDL-particles and negatively associated with
small HDL-particles. A positive association was observed between abdominal obesity and
large LDL-particles, while a negative association was observed with small LDL-particles.

People on ART had a mean age of 44.8 ± 11.8 years, with a median viral load of <50
copies/ml and a mean CD4 count of 461.9 ± 235.3 cells/mm3. The majority of people were
on the 1st line non-nucleoside reverse transcriptase inhibitor (NNRTI)-based ART. The
prevalence of tobacco use (p value 0.001), alcohol use (p value 0.001),
hypertriglyceridaemia (p value 0.001), a high TC/HDL-C ratio (p value 0.01), a high
TG/HDL-C ratio (p value 0.002) and physical activity (p value 0.002) was higher in males
vii

than in females. The proportions of small and large LDL and HDL particles were similar
in males and females. Males on ART were more likely to be physically active than
females. In addition, males were more likely to use tobacco (OR: 2.45, p value <0.05),
alcohol (OR: 3.31, p value <0.05) and to have a high TC/HDL-C ratio (OR: 2.94, p value
<0.05) than females. Married people were more likely to use tobacco (OR: 3.13, p value
<0.05) than unmarried people. However, married people with secondary education and
above were less likely to use tobacco (OR: 0.17, p value=0.05) than married people with
primary education. People older than 50 years of age were more likely to have
hypertension (OR: 4.67, p value <0.05), diabetes mellitus (OR: 5.66, p value <0.05),
metabolic syndrome (OR: 1.10, p value <0.05), a low HDL-C concentration (OR: 2.27, p
value <0.05), a high TG concentration (OR: 2.91, p value <0.05) and a high TC/HDL-C
ratio (OR: 3.29, p value <0.05) than people less or equal to 50 years of age. People with
a viral load of more than 50 copies/ml were more likely to have a low HDL-C concentration
(OR: 3.82, p value <0.05) and a high ApoB/ApoA ratio (OR: 3.83, p value <0.05) but were
less likely to have hypertension (OR: 0.08, p value <0.05) than people with a viral load of
less than 50 copies/ml. People who had been on ART for less than 60 months were less
likely to have a high TC/HDL-C ratio (OR: 0.29, p value <0.05) than those on ART for
more than 60 months. Individuals with abdominal obesity were more likely to have a high
TC level (OR: 2.10, p value <0.05) and a high TG/HDL-C ratio (OR: 2.98, p value <0.05)
than those without abdominal obesity. A low intake of fruit and vegetables was associated
with high levels of triglycerides. The CD4 count was positively associated with large HDLparticles (beta 0.18, p value 0.02) and negatively with small HDL-particles (beta -0.19, p
value 0.01). Abdominal obesity was negatively associated with large HDL-particles (beta
-0.16, p value 0.03) and positively with small HDL-particles (beta 0.20, p value 0.01).
Furthermore, a high TG/HDL-C ratio was negatively associated with large HDL-particles
(beta -0.20, p value 0.01) and positively with small HDL-particles (beta 0.17, p value 0.02).
ApoB/ApoA ratio was positively associated with large LDL-particles (beta 0.19, p value
0.01) and negatively with small LDL-particles (beta -0.27, p value 0.0001). In addition,
metabolic syndrome was positively associated with small LDL-particles (beta 0.14, p
value 0.04).
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Overall, the prevalence of CVD risk factors was higher in ART naïve HIV infected people
than in people on ART. The findings showed that the prevalence of low HDL-C and
physical inactivity was lower in those on ART than in ART naïve HIV infected people. In
addition, the prevalence of obesity, hypertension, diabetes mellitus and metabolic
syndrome was twice as high in ART naïve HIV infected people as in people on ART. The
proportions of the atheroprotective large LDL and HDL particles were higher in those on
ART than in ART naïve HIV infected people. According to Framingham risk estimation,
5.6% of ART naïve HIV infected people had a high risk and 9.2% had a moderate risk of
having a CVD event in the next 10 years, while none of the people on ART had a high
risk and 6.7% had a moderate risk of having a CVD event in the next 10 years. However,
the DAD risk equation showed that 31.1% of people on ART had a moderate to high 5year risk of developing a CVD event. The level of agreement between the DAD and the
Framingham risk equations was 73.8% (k=0.23; 95% CI: 0.10-0.35; p value-0.001).

CONCLUSION
The prevalence of CVD risk factors was similar in ART naive HIV infected and HIV
negative people. Except for the prevalence of hypercholesterolaemia, the prevalence of
most CVD risk factors was lower in people on ART than in those naïve to ART. While
5.6% of ART naïve HIV infected people had a high risk of developing CVD in the next 10years, none of the people on ART had such a high 10- year CVD risk, according to the
Framingham equation. However, the high proportion of people on ART with a moderate
to high 5-year CVD risk, observed with the DAD risk equation, represents a considerable
health burden that can be reduced by educational programs on CVD prevention for
people on ART. There is however a need to develop and evaluate a race/ethnicity-specific
CVD risk estimation tool for HIV infected Africans.
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CHAPTER 1
ORIENTATION TO THE STUDY
1.1 INTRODUCTION

Cardiovascular disease (CVD) is currently considered the second most common cause
of mortality after cancer in HIV infected people (Giannarelli et al., 2011). With the number
of people living with HIV infection risen to 35.3 million worldwide and 25 million in subSaharan Africa (UNAIDS 2013:1), the burden of CVD and its mortality may continue to
rise in the future.
CVD risk factors which include dyslipidaemia, diabetes mellitus, hypertension, obesity,
abdominal obesity, smoking and metabolic syndrome (Fedele et al., 2011) are common
in HIV infected people (Malvestutto and Aberg 2010, Gandhi et al., 2012). In untreated
HIV infected people, as reported from developed countries, dyslipidaemia is
characterised by decreased concentration of total cholesterol, low density lipoproteincholesterol (LDL-C) and high density lipoprotein cholesterol (HDL-C) (Feingold et al.,
1993, Rose et al., 2008, Baker et al., 2010). This is similar to the findings observed in
sub-Saharan Africa (Dillon et al., 2013, Daniyam and Iroezindu 2013, Ngatchou et al.,
2013). Similarly, Fourie et al. (2010) observed reduced serum lipid concentrations, except
triglyceride concentration among ART naïve HIV infected compared to uninfected South
Africans. As HIV infection progresses to AIDS, the plasma concentrations of TC, HDL-C
and LDL-C continue to decrease while triglyceride (TG) concentrations increase (Feingold
et al., 1993). In addition, the lipoprotein subclasses that are regarded as accurate
predictors of CVD risk, undergo changes resulting in a predominance of small dense LDLparticles (Feingold et al., 1993), giving rise to the atherogenic lipoprotein phenotype B
associated with increased risk of CVD.

While highly active antiretroviral treatment (HAART) has rendered HIV infection a
manageable disease, prolonging the lives of HIV infected people, treatment has been
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associated with metabolic disorders including hyperlipidaemia, diabetes, lipodystrophy,
and metabolic syndrome (Palios et al., 2012). The severity of these metabolic disorders
differ among antiretroviral (ARV) classes with protease inhibitors (PIs) associated with
more metabolic alterations than non-PIs and HIV itself (Grispoon et al., 2008, Blanco et
al., 2010). Studies from developed countries (Badiou et al., 2003, Riddler et al., 2008,
Tien et al., 2010) and Africa (Yone et al., 2011) reported dyslipidaemia characterised by
higher concentrations of TC, LDL-C, TG and HDL-C in people on ART compared to ART
naïve HIV infected people. In addition, ART was associated with an increase in LDLparticles, particularly small dense LDL-p and an increase in HDL-particles, though not to
pre-infection levels (Stein et al., 2008).

Other CVD risk factors (smoking, metabolic syndrome, C-reactive protein, diabetes
mellitus), reported from developed countries were more prevalent among ART naïve HIV
infected compared to uninfected people, except for hypertension and abdominal obesity
(Bonfanti 2007, Hilleman et al., 2014). A similar CVD risk profile was observed among
ART naïve HIV infected and uninfected Africans (Ngatchou et al., 2013), except for
smoking where the prevalence was similar between the two groups (Fourie et al., 2010,
Daniyam and Iroezindu 2013). On the other hand, people from developed, African and
Asian countries on ART had higher CVD risk factors compared to those naïve to treatment
(Bonfanti 2007, Edward et al., 2013, Carey et al., 2013, Kagaruki et al., 2014).

Studies on CVD risk factors among HIV infected people are however scarce in South
Africa. A study conducted in rural KwaZulu-Natal by Malaza et al. (2012), comparing
hypertension and obesity among people living with HIV (combined treated and untreated)
and HIV negative people found hypertension and obesity more prevalent among HIV
negative than HIV positive people. A study from North-West Province by Fourie et al
(2010), reported higher levels of C-reactive protein, but similar prevalence of smoking and
metabolic syndrome among ART naïve HIV infected compared to uninfected people. A
recent attempt to describe the CVD risk in rural people on ART from Mpumalanga was
made (Clark et al., 2015), but the use of ART was self-reported and according to the
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authors, the prevalence of CVD risk factors in that rural population on ART may be
underestimated since there remains considerable stigma associated with HIV .
In South Africa, the intersection of an epidemiological transition (Houle et al., 2014), a
high number of people living with HIV (van Rooyen et al., 2014) and a widespread adult
treatment coverage that was close to 80% by mid-2011 (Johnson et al., 2012), presents
a high risk of CVD among people infected with HIV and needs to be investigated. While
CVDs are preventable, little is known regarding CVD risk factors in HIV infected rural
South Africans on ART (Clark et al., 2015).

1.2 RESEARCH PROBLEM

Cardiovascular disease is currently the second most common cause of death after cancer
in HIV infected people. The increased rates of CVD in HIV infected people both naive to
ART and those on ART pose a worldwide health problem. In South Africa, the coincidence
of epidemiological transition, an ever increasing number of HIV infected people and a
wide coverage of ART could worsen the CVD risk among HIV infected people.
Furthermore, as a result of continued rollout of ART, people infected with HIV are living
longer and could experience age related CVD risk. Currently there is paucity of data on
the CVD risk factor profile among HIV infected rural South Africans on ART. The results
of this study would help to understand and quantify the challenge that is faced by the
health care system.

Furthermore the findings would guide in making informed

interventions targeting the most prevalent risk factors in HIV infected people.

1.3 PURPOSE OF STUDY
1.3.1 Research questions
What is the CVD risk factor profile in HIV infected rural black South Africans naïve to ART
and those on ART?
What is the estimated future risk of CVD among HIV infected rural black South Africans
naïve to ART and those on ART?
3

1.3.2 Hypothesis

The prevalence of CVD risk factors is increased in ART naïve HIV infected compared to
uninfected people, but lower when compared to people on ART.

1.3.3 Aim

The main aim of the study was to determine the prevalence of CVD risk factors in HIV
infected individuals naïve to ART and those on ART and estimate the future CVD risk.

1.3.4 Objectives
To accomplish the aim, the research objectives were:


To collect data on fruit and vegetable intake and physical activity.



To measure blood pressure, weight and height (for calculation of BMI), waist and
hip circumference (for calculation of waist to hip ratio).



To test for HIV and determine CD4 counts and viral load in participants.



To measure the concentration of serum lipids (triglycerides, total cholesterol, HDLcholesterol, LDL-cholesterol), apolipoprotein B-100 (apo B-100), apolipoprotein A1 (apo A-1), Lipoprotein (a) (Lp a), high sensitivity C-reactive protein and glucose
in serum samples.



To determine the lipid and lipoprotein subclass patterns in ART naive HIV infected
people and those on ART.



To determine prevalence of risk factors for cardiovascular disease in ART naïve
HIV infected people and those on ART.



To calculate the future risk of CVD in HIV infected both naïve to treatment and
those on treatment.
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CHAPTER 2
LITERATURE REVIEW
2.1 HUMAN IMMUNODEFICIENCY VIRUS INFECTION
2.1.1 Human Immunodeficiency Virus structure and Replication Cycle

Human immunodeficiency virus (HIV) is a Lentivirus belonging to the family Retroviridae.
Structurally, HIV comprises of an inner matrix consisting of protein 17 (p17) and an outer
sphere-shaped lipid bilayer envelope consisting of viral glycoprotein (gp) 120 that
mediates attachment of virus to CD4+ receptors and co-receptors and gp 41 that anchors
the viral envelop (Hedestam et al., 2008). The cone shaped capsid protein 24 (p24)
encloses the two positive sense, single-stranded ribonucleic acid (RNA), proteins and
enzymes responsible for viral replication and maturation (Hedestam et al., 2008).
Human immunodeficiency virus utilizes nine genes comprising three structural genes
(gag, pol and env), two regulatory genes and four accessory genes. The pol gene is
responsible for the production of the three enzymes, (reverse transcriptase, protease and
integrase) while the env and gag genes are responsible for production of structural
glycoproteins and core proteins respectively. The regulatory genes contain important
information for the production of proteins that control viral replication and accessory
genes encode for proteins that interact and inactivate the antiviral effect of host defence
cells (Romani et al., 2009).

HIV uses the host cell machinery to produce multiple copies of new HIV. The HIV life
cycle is initiated by the attachment of the viral surface glycoprotein gp 120 to the CD4+
cell receptors and subsequent interactions with the core receptors CCR5 or CXCR4,
resulting in the fusion of viral membrane and host cell membrane. The viral RNA is
transcribed into DNA by its reverse transcription enzyme. The viral DNA enters the host
cell nucleus and integrates into host DNA aided by viral protein integrase and host DNA
10

repair enzymes (Simon et al., 2006). Spliced mRNA is transported into the cytoplasm and
translated into enzymes, regulatory and structural viral proteins while unspliced mRNA is
exported into cytoplasm forming the HIV-1 RNA. The viral proteins and HIV RNA
assemble near the cell membrane and form new viruses by budding. The new viruses
undergo maturation process involving cutting of long HIV proteins into small functional
units by HIV protease. The proteins are reassembled into a mature virus (Abbas and
Herbein 2012, Jayappa et al., 2012, NIAID) (Fig 2.1).

Figure 2. 1: HIV Replication cycle
http://www.niaid.nih.gov/topics/HIVAIDS/Understanding/Biology/pages/hivreplicationcycle.aspx

2.1.2 Pathogenesis of HIV infection

HIV infection and disease progression involve changes in cytokine production and in Tcells which can lead to increase in virus production and hinder immune response (Reuter
et al., 2012). The full course of untreated HIV infection involves three stages: acute,
chronic and late stage HIV infection (AIDS) (Fig 2.2).
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Figure 2. 2: Time course of typical HIV infection.
CD 4+ T cell decline and viraemia patterns differ among individuals. (Adapted from Fauci et al., 1996).

The acute HIV infection stage is characterized by production of pro-inflammatory
cytokines (IL-1, IL-2, IL-6, TNF-α and INF-γ) and anti-inflammatory cytokines (IL-4, IL-10
and IL-13) (Llano and Este 2005, Roberts et al., 2010). The increased pro-inflammatory
cytokines activate CD4+ T-lymphocytes and make them more susceptible to HIV infection
with subsequent increases in viral load and increased viral set point, while the antiinflammatory cytokines may reduce the target cells resulting in decreased viral set point
(Katsikis et al., 2011). During the acute HIV infection phase, rapid virus replication in the
activated lymphocytes in regional lymph nodes is followed by a burst of virus infected
cells into the blood stream (Weber 2001). The virus spreads throughout the body and is
deposited in lymphoid organs (Kahn and Walker 1998). High plasma levels of replicating
virus and high infectivity characterize this period. The viraemic peak that is attained during
this phase is a result of the absence of early immune response and the presence of large
numbers of activated CD4+ T-cells used for viral replication resulting in transient decrease
12

of CD4+ T-cells (Coffin and Swanstrom 2013). Seroconversion symptoms consisting of
fever, rash, headache, pharyngitis, gastrointestinal distress and enlarged lymph nodes
may appear or the phase may be clinically asymptomatic (Weber 2001, Coffin and
Swanstrom 2013). At the end of the acute HIV infection phase, the viraemic peak declines
to a set ‘steady state’ due to virus-specific immune responses that control viral replication
and exhaustion of activated target cells (Weber 2001, Coffin and Swanstrom 2013). The
proliferation of cytotoxic T-cells (CD8+ T-lymphocytes) mediated by IL-2 and INF-γ appear
as the first effective anti-viral response (Kahn and Walker 1998, Llano and Este 2005).
In the chronic HIV infection stage, CD4+ T-lymphocyte numbers usually rise to near
normal levels but remain lower than pre-infection levels. Thereafter the CD4+ Tlymphocytes steadily decrease over time in a linear manner (Weber 2001). As the disease
progresses, there is a reduction of T-helper 1 cell activity which decreased production of
IL-2 and INF-γ resulting in reduced cellular immunity. Simultaneously, there is an increase
of T-helper 2 cell activity which increased production of IL-4, IL-6, IL-10 and IL-13 resulting
in reduced cellular response accompanied by increased B cell activity. This shift in Thelper cells’ activity creates a change in cytokine balance that would favor the
development of AIDS (Clerici and Shearer 1993). During the chronic phase people are
asymptomatic and sometimes unaware of the infection. However viral replication persists
with large numbers of CD4+T cells infected and dying every day (Coffin and Swanstrom
2013).
In the late stage of HIV infection (AIDS), the rate of CD4+ T lymphocytes decline is
increased coupled with reduction in CD8+ T lymphocyte response, while the virus in blood
and lymph nodes increase to high levels. The loss in cell-mediated immunity results in
infections with a variety of opportunistic microbes (Coffin and Swanstrom 2013).
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2.1.3 Epidemiology of HIV-1 infection

2.1.3.1 HIV-1 subtypes

HIV exists in two types namely HIV type 1 (HIV-1) and HIV type 2 (HIV-2). HIV-2 is less
virulent, less transmissible and geographically limited to western Africa (Sharp and Hahn
2011). HIV-1 shows a high degree of genetic variation resulting from its rapid replication
cycle, high error rate of reverse transcriptase, and the recombination of two RNA
genomes from two separate subtypes within a dually infected person (Buonaguro et al.,
2007, Kiwanuka et al., 2008). HIV-1 strains are classified into three groups namely group
M (major), group O (outlier) and group N (non-M/ non-O) (Buonaguro et al., 2007, Taylor
et al., 2008). Recently a new group was identified in Cameroon and was designated as
group P (Plantier et al., 2009, Vallari et al., 2011). HIV-1 group M is the most widely
circulating group and consists of subtypes (A, B, C, D, F, G, H, J, K) and sub-subtypes
(A1, A2, A3, A4, A5, F1, F2) (Taylor et al., 2008, Lihana et al., 2012). The sequencing of
the full HIV genome led to identification of circulating recombinant forms (CRFs)
(recombinant progeny isolated in three or more people with no direct epidemiological
linkage) and unique recombinant forms (URFs) (recombinant progeny identified in three
or more people with direct epidemiological linkage (Taylor et al., 2008, Lihana et al.,
2012). The distribution of HIV-1 subtypes and recombinant forms vary in different regions
and is shown in Fig. 2.3.

14

Figure 2. 3: Global distribution of HIV-1 Subtypes and Recombinant forms.
(Adapted from Taylor et al., 2008).

A recent investigation into subtype distribution of HIV-1 in Europe and Israel showed
subtype B (66.1%) as the predominant subtype, followed by sub-subtype A1 (6.9%),
subtype C (6.8%) and CRF 02_AG (4.7%) (Abecasis et al., 2013). Immigrant participants
in this study had subtypes known epidemiologically to be prevalent in their countries of
origin. CRF 01_ AE was prevalent in immigrants from South and South-East Asia, while
immigrants from sub-Saharan Africa had all subtypes with subtype C dominant and
immigrants from north Africa and middle east had subtypes B (58.3%) and C (16,7%)
(Abecasis et al., 2013).

The distribution of HIV subtypes in three geographic regions of Africa (Eastern and
southern, western and central, and northern) over a decade (2000-2011), was shown to
be broadly stable, although unique, circulating recombinant subtypes have emerged over
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the years (Lihana et al., 2012). Subtypes A and D have been stable in east Africa,
subtypes A,G,CRF 02_AG and CRF 06_cpx in western Africa, subtypes B and CRF
02_AG in northern Africa subtype while subtype C in predominant southern Africa
(Lihana et al., 2012). In South Africa HIV subtype C accounts for most of HIV infections
(Rao et al., 2013). The continued monitoring of these subtypes will enable countries to
deal with complex forms of subtypes or recombinants that may evolve or form over time.

The HIV-1 subtypes were shown to exert varying impact on the disease progression in
the absence of ARV therapy, with subtype D being the most aggressive with a higher rate
of CD4 count decline when compared with subtypes A, B, C, and CRF02_AG whose CD4
count declines were similar (Easterbrook et al., 2010). In two separate studies, HIV-1
subtype D was associated with faster disease progression when compared to subtype A
(Baeten et al., 2007, Kiwanuka et al., 2008).

2.1.3.2 HIV-1 modes of transmission

Vertical transmission is the primary means by which infants become infected with HIV-1
either in the womb, during delivery or by breast feeding. Mother to child transmission rates
of HIV-1 in African countries vary from 25-42% (Chakraborty et al., 2008). HIV-1 infection
is predominantly spread through unprotected heterosexual behaviours in adults,
accounting for over 90% of new HIV infections in some sub-Saharan African countries
(Wamai et al., 2011). Some of the HIV infections occurring in eastern and southern Africa
have been attributed to unsafe traditional practices which include circumcision
procedures performed outside the formal healthcare setting by traditional practitioners
using unsterilized instruments (Brewer et al., 2007). In central and western Europe the
predominant mode of HIV transmission is sex between men followed by heterosexual
transmission, while in eastern Europe HIV is mostly transmitted through heterosexual
followed by injecting drug use (ECDC, 2011). In sub-Saharan Africa, little is known
regarding HIV prevalence in people who inject drugs (Asher et al., 2013) probably due to
laws that prohibit this behaviour in most sub-Saharan countries. However, socioeconomic hardships, and that many countries in the region are being increasingly used
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for transit of illicit drugs into Europe, warrants monitoring of injecting drug use as an
additional potential route of HIV transmission in sub-Saharan Africa (Mathers et al., 2008).
The contribution made by men who have sex with men (MSM) towards HIV prevalence
in sub-Saharan Africa is not known, as this practice is criminalized in most countries in
sub-Saharan Africa. However, the prevalence deduced from studies conducted in Malawi,
Namibia and Botswana was approximately 17.4% (Baral et al., 2008) while a study
conducted in South Africa, based on self-reported HIV status among MSM reported a
prevalence of 14.1% (Sandfort et al., 2008).

2.1.3.3 HIV-1 infection trends: Global, sub-Saharan Africa and South Africa

While HIV-1 infection remains amongst the leading public health challenges worldwide,
some milestones have been achieved with regards to roll-out of antiretroviral drugs (ARV)
to reach most infected people. According to UNAIDS report of 2013, there has been
worldwide and regional increase in the number of people living with HIV-infection owing
to widespread availability of ARV drugs, while the numbers of new infections and death
from HIV infection have decreased since 2007 (Table 2.1) (UNAIDS 2013:1).

Table 2. 1: Global and sub-Saharan Africa figures on HIV infection.
Global figures (millions)

sub-Saharan Africa figures
(millions)

Total number of

2007

2012

33.2 (30.6-36.1)

35.3 (32.2-38.8)

2.5 (1.8- 4.1)

2.3 (1.9 - 2.7)

2.1 (1.9 - 2.4)

1.6 (1.4 - 1.9)

2007
22.5 (20.9-24.3)

2012
25.0 (23.5-26.6)

people living with
HIV
Total number of

1.7 (1.4 - 2.4)

1.6 (1.4-1.8)

people newly
infected with HIV
Total number of

1.6 (1.5 – 2.0)

1.2 (1.1-1.3)

deaths due to AIDS
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Within sub-Saharan Africa, South Africa habours the highest number of people with HIV
infection (approximately 5.26 million) (Statistics South Africa 2013). HIV infection trend in
South Africa (Table 2.2), shows an increase in number of people living with HIV infection,
probably due to availability of ARV treatment. The incidence among the 15-49 year old
has decreased over the years probably reflecting the uptake of preventative strategies
and campaigns launched on prevention of HIV infection (Statistics South Africa 2013).

Table 2. 2: HIV prevalence estimates and the number of people living with HIV in South
Africa from 2002-2013.
Year

Prevalence (%)

Incidence

HIV

Adult 15-49

population

Women

Adult

Youth

Total

15-49

15-49

15-24

population

2002

15.9

15.1

13.6

8.7

1.26

4.00

2003

16.0

15.1

12.8

8.9

1.25

4.10

2004

16.1

15.1

12.0

8.9

1.28

4.18

2005

16.2

15.1

11.4

9.0

1.32

4.25

2006

16.4

15.2

10.9

9.1

1.29

4.34

2007

16.5

15.3

10.5

9.2

1.21

4.46

2008

16.7

15.4

10.1

9.3

1.12

4.59

2009

16.9

15.5

9.7

9.5

1.03

4.74

2010

17.1

15.6

9.3

9.6

0.98

4.88

2011

17.2

15.7

9.0

9.8

0.95

5.01

2012

17.3

15.8

8.7

9.9

0.87

5.13

2013

17.4

15.9

8.5

10.0

0.85

5.26

(millions)

Adopted from Statistics South Africa 2013.

2.1.3.4 Treatment options

Since 1987, over 20 drugs have been approved by the Food and Drug Association (FDA)
for the clinical use against HIV infection (FDA 2013). Effective antiretroviral therapy (ART)
can achieve persistent viral suppression and good immunological recovery (Thaker and
Snow, 2003). There are six classes of antiretroviral drugs that are currently being used in
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the treatment of infections caused by HIV. These include nucleoside /nucleotide analogue
reverse transcriptase inhibitors (NRTIs/NtRTIs), nonnucleoside reverse transcriptase
inhibitors (NNRTIs), protease inhibitors (PIs), integrase inhibitors (INIs), fusion inhibitors
(FIs) and entry inhibitors (FDA 2013). The ARV classes and respective drugs are
presented Table 2.3 below.

Table 2. 3: ARV classes and approved drug generic name (acronyms)
NRTI/ NtRTI

NNRTI

PI

Integrase
inhibitor

Fusion
inhibitor

Abacavir (Abacavir,
ABC)

Enfuvirtide Maraviroc
(T-20)
(MVC)

Emtricitabine (FTC)

Etravirine (ETR)

Lamivudine (3TC)

Nevirapine (NVP)

Stavudine (d4T)

Rilpivirine
(rilpivirine
hydrochloride
(RPV)

Atazanavir
(Atazanavir
sulfate, ATV)
Duranavir
(Duranavir
ethanolate,DRV)
Fosamprenavir
(Fosamprenavir
calcium, FPV)
Indinavir
(Indinavir sulfate,
IDV)
Nelfinavir
(Nelfinavir
mesylate, NFV)

Dolutegravir
(DTG)

Didanosine (ddI)

Delavirdine
(delavirdine
mesylate, DLV)
Efavirenz (EFV)

Tenofovir disoproxil
fumerate (TDF)
Zidovudine
(Azidothymidine,
AZT, ZDV)

Entry
inhibitor

Raltegravir
(RAL)

Ritonavir (RTV)
Saquinavir
(saquinavir
mesylate, SQV)
Tipranavir (TPV)
Lopinavir (LPV)

Source: Adopted from FDA approved HIV medicines 2013, (FDA 2013).
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a) Nucleoside and nucleotide reverse transcriptase inhibitors (NRTI and NtRTI)

The NRTI interferes with the activities of the HIV reverse transcriptase enzyme. They are
structurally similar to the nucleoside building blocks of nucleic acids (RNA, DNA), but
devoid of the hydroxyl (-OH) group in the 3` position making them unable to form the 5`
to 3` phosphodiester bond essential for DNA synthesis (Warnke et al., 2007). To apply
their antiviral activity, the NRTIs are first intracellularly phosphorylated by cellular kinases
to their active 5` triphosphate forms. The activated 5` triphosphate competes with the
natural deoxynucleotide triphosphates (dNTPs) for the incorporation by reverse
transcriptase (RT) into the growing primer. Once the 5` triphosphate form is incorporated,
it results in the termination of the elongation and synthesis of DNA, due to their lack of 3`
hydroxyl group (Wanke et al., 2007, Maga et al., 2010, Esposito et al., 2012). The HIV
reverse transcriptase recognizes the NRTIs substrate with a higher affinity than the
cellular DNA polymerases, thus the NRTIs do not interfere with cellular polymerases
(Esposito et al., 2012).

The NtRTIs are compounds that already possess a phosphate molecule in their structure
and only requires two phosphorylation steps to be converted to their active triphosphate
forms. Similarly to NRTI, NtRTIs active forms compete with natural dNTPs for
incorporation by RT into the growing primer, thereby terminating the viral DNA synthesis
(Esposito et al., 2012). Currently tenofovir is the available NtRTI compound.

b) Nonnucleoside reverse transcriptase inhibitors (NNRTIs).

NNRTIs are diverse in their structure and chemical composition. They act by binding noncompetitively to the same hydrophobic pocket (nonnucleoside inhibitor binding pocket,
NNIBP) that is situated close to the polymerase catalytic active site within the palm
domain of the p66 subunit of the RT (Sluis-Cremer and Tachedjian 2008, Maga et al.,
2010). The NNRTIs do not interfere with dNTP binding but alter the conformation and
mobility of RT resulting in unproductive complexes (Maga et al., 2010). Unlike the NRTIs,
NNRTIs do not require the involvement of cellular enzymes to apply their antiviral activity
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and are not effective against HIV-2 (Wanke et al., 2007, Esposito et al., 2012). Some
NNRTIs also inhibit the late stages of HIV-1 life cycle by interfering with the Gag-Pol
polyprotein processing. However, higher concentrations are needed to affect the late
stage of HIV-1 replication, when compared to the concentrations that are required to block
RT (Sluis-Cremer and Tachedjian 2008).

c) Protease inhibitors (PIs).

PIs interfere with the proteolytic maturation, a stage that is vital for the production of
infectious HIV virus particles. The PIs inhibit the activity of the protease subsequently
blocking the cleavage of the large precursor polypeptide chain into smaller functional
proteins. This results in the production of non-infectious virus particles (Warnke et al.,
2007, Adamson 2012).

d) Integrase inhibitors (INIs).

The integrase inhibitors interfere with the catalytic functions of HIV integrase during the
strand transfer stages of viral integration. Thus the transfer of virally coded DNA into host
chromosome is blocked (Temesgen and Siraj 2008, Hicks and Gulick 2009).

e) Fusion inhibitors (FIs)

Fusion inhibitors are polypeptides that are homologous to the C-terminal hepta repeat
(HR) region of glycoprotein 41 (gp 41). The fusion inhibitors act by competing with the Cterminal for binding to the N-terminal hepta repeat region of gp 41. Once the fusion
inhibitor binds to the N-terminal it prevents the formation of the hairpin-like structure that
is responsible for the fusion of viral and cell membranes. Thus the viral genome is
prevented from entering the CD4+ cells (De-Clercq 2009, Matos et al., 2010).
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f) Entry Inhibitors

The entry inhibitors (CCR5 antagonist) block the gp 120-CCR5 interaction by binding to
the co-receptor (CCR5) and changing its shape such that gp120 cannot recognize it. The
viral genome is prevented from entering the CD4+ cells (Britz et al 2006, De Clercq 2009).

g) Recommended treatment regimen

The current treatment of HIV infection consists of a combination regimen referred to as
highly active antiretroviral therapy (HAART). The HAART regimen combines two NRTIs
with either NNRTI or PI (Clarke and Mousa 2009). The HAART regimen is aimed at
obtaining synergy between compounds targeting different stages of the HIV life cycle,
lowering the individual drug doses in order to reduce their toxic side effects and combating
the development of resistance (Klimas et al., 2008, Nguyen and Holodniy 2008). Some
HAART regimens are now available in the form of a single tablet (Atripla, manufactured
2006) (FDA 2013) making it easier for patients to take it daily (De Clercq 2009).

The administration of HAART is guided by the World Health Organisation (WHO). In 2013,
the WHO recommended initiation of HIV treatment to individuals with CD4+ cell count of
500cells/cubic millimeter (mm3) or less, individuals co-infected with HIV and active
tuberculosis irrespective of the CD4+ cell count, HIV infected people co-infected with
hepatitis B virus with severe chronic liver disease, serodiscordant HIV positive partners,
pregnant women, breastfeeding women and children younger than five years of age
(WHO 2013: 1). The WHO 2013 recommended first and second line ARV regimens are
shown in Table 2.4.
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Table 2. 4: Recommended first and second line ARV regimens (WHO 2013).
1st line ARV

2nd line ARV

Preferred

TDF + 3TC (or FTC) + EFV

→ AZT + 3TC + ATV/r (or LPV/r)

Option

AZT + 3TC + EFV / NVP

→TDF+3TC (or FTC)+ATV/r (or

TDF + 3TC (or FTC) + NVP

LPV/r)

Preferred

TDF + 3TC (or FTC) + EFV

→ AZT + 3TC + EFV

Children 3-10

Preferred

ABC + 3TC + EFV (or NVP)

→ AZT + 3TC + EFV (or NVP)

years

Option

AZT(or TDF)+3TC(or FTC)

→ ABC + 3TC (or FTC) + EFV

+ EFV (or NVP)

(or NVP)

ABC (or AZT) + 3TC+ LPV/r

Remain on 1st line and improve

Adults and
adolescents

Pregnant and
breast
Feeding women

Children < 3

Preferred

years

adherence
Option

ABC (or AZT) + 3TC + NVP

TDF tenofovir, 3TC lamivudine, FTC emtricitabine, EFV Efavirenz, AZT zidovudine, NVP
Nevirapine,
ABC abacavir, ATV/r atazanavir/ritonavir, LPV/r lopinavir/ritonavir. Stavudine (d4T) was phased out from
1st line regimen for adults and adolescents. Adopted from WHO (2013:1).

In South Africa, the switching of HIV treatment from three separate ARV drugs to the
single fixed dose combination (FDC) tablet containing tenofovir (TDF), emtricitabine
(FTC) and Efavirenz (EFV) has taken a gradual phased approach with the following
groups being given priority:
Group 1: All HIV positive patients newly starting ART.
Group 2: HIV positive pregnant and breastfeeding mothers currently stable on 3TC, TDF
and EFV.
Group 3: Patients on Stavudine (d4T) based regimen with normal renal function.
Group 4: Patients stable on individual TDF, 3TC, and EFV and are co-infected with
tuberculosis.
Group 5: Patients stable on individual TDF, 3TC, and EFV and have co-mobidities such
as diabetes, hypertension.
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Group 6: Patients receiving individual TDF, 3TC, and EFV who wish to switch to FDC
treatment.
Group 7: Patients receiving individual TDF, 3TC and EFV and after counselling agree to
switch to FDC treatment (Davies 2013).

While HAART has changed the HIV infection into a manageable chronic disease and
making people live longer and healthier lives, HAART has not been without side effects.
HAART and HIV infection itself have largely been blamed for the development of
metabolic disorders which include dyslipidaemia, lipodystrophy, insulin resistance, and
diabetes mellitus which predisposes the HIV infected people to high risk of developing
cardiovascular disease (CVD) (Palios et al., 2012).

2.2 CARDIOVASCOLAR RISK FACTORS.
2.2.1 Traditional Risk factors
According to Centre for Disease Control (CDC), ‘A risk factor is an aspect of personal
behaviour or lifestyle, an environmental exposure, or a hereditary characteristic that is
associated with an increase in the occurance of a particular disease, injury or other health
conditions (CDC 2013). Traditional and well-established risk factors for CVD include
obesity, insulin resistance (IR), diabetes mellitus, hypertension, dyslipidaemia, advanced
age, gender, smoking and physical inactivity (Fedele et al., 2011). The integration of some
of these risk factors into conventional risk prediction models such as the Framingham
Risk Score provides a quantitative prediction of future risk of coronary heart disease
(Mozaffarian et al., 2008). Traditional risk factors are either non modifiable or modifiable.
2.2.1.1. Non modifiable risk factors.
Non modifiable risk factors are unpreventable, uncontrollable and cannot be changed by
intervention. These include age, gender, family history of CVD and ethnicity (WHO 2009,
CDC 2013).
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Age increases the risk of CVD and this relationship is partly explained by the presence of
major cardiovascular risk factors in older people (Jousilahti et al., 1999). Men are at an
increased risk of coronary heart disease (CHD) compared to women of premenopausal
age. The difference has been attributed to the hormonal protective effect in
premenopausal women (Fedele et al., 2011).

The risk of developing CVD is higher in people with a family history of CVD. In the
Physicians Health Study, the relative risk of developing myocardial infarction was higher
in people with either paternal or maternal or both paternal and maternal history of MI
compared to people with no parental history of MI (Sesso et al., 2001). A recent Dutch
cohort study reported a hazard ratio range of 1.1 to 2.2 for people with a parental history
of MI. Furthermore a maternal history of MI before age 60 was the strongest predictor of
CVD incidence (van Dis et al., 2011). In the Interheart study, the odds ratio for MI in the
presence of parental history of MI was 1.67 to 6.56 after adjusting for hypertension,
diabetes mellitus, lipids, tobacco use, alcohol use, physical activity, waist to hip ratio,
psychological risk factors and fruit and vegetables intake (Chow et al., 2011).

CVD mortality rates differ among different ethnic groups (WHO 2009). Higher CVD deaths
were noted among South Asians and American blacks compared with whites (WHO
2009). The Multiple Risk Factor Intervention Trial (MRFIT) conducted in the United States
of America reported higher CVD mortality rates among black men compared to white men
(Thomas et al., 2005). The ethnic difference in CVD mortality rates was largely mediated
by other risk factors and income (Thomas et al., 2005). In South Africa, the highest CVD
death rates are found in Indian people, followed by coloured people, with whites and
blacks having lowest and similar rates (MRC 2007). Even though the CVD death rates for
whites and blacks are similar, the whites mainly die from heart attacks while black African
people die from stroke, diseases of heart muscle and high blood pressure (MRC 2007).
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2.2.1.2. Modifiable risk factors
Modifiable risk factors are preventable, controllable and treatable (WHO 2009) and
include lifestyle risk factors (dietary habits, physical inactivity and smoking) and metabolic
risk factors (obesity, insulin resistance, diabetes mellitus, dyslipidaemia, hypertension,
inflammation and metabolic syndrome) (Mozaffarian et al., 2008, Spring et al., 2013).
Having a high number of risk factors (smoking, poor diet quality, physical inactivity, high
body mass index (BMI), blood pressure, blood cholesterol and fasting blood glucose) is
associated with high rates of CVD (Folsom et al., 2011).

a) Lifestyle risk factors

The lifestyle risk factors have a profound effect on the development of the metabolic risk
factors and subsequent CVD complications (Fig. 2.4) (Mozaffarian et al., 2008). The
elimination of health risk behaviours (smoking, physical inactivity, and unhealthy diets)
may result in the prevention of at least 80% of heart disease, stroke and type 2 diabetes
mellitus and about 40% of cancers (Spring et al., 2013). The Coronary Artery Risk
Development in Young Adults (CARDIA) study demonstrated that it was never too late
for a behaviour change and regardless of when a healthy lifestyle was adopted,
cardiovascular health would still be improved. However, most benefits were derived if
healthy lifestyle was adopted from young adulthood and maintained through to middle
age (Liu et al., 2012). The improvement of cardiovascular health at individual or
community level would therefore warrant concerted interventions on the lifestyle risk
factors.
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Figure 2. 4: The relation of lifestyle, established and novel risk factors and CVD.
(Adapted from Mozaffarian et al., 2008).

In America, strategies aimed at fostering lifestyle behaviour changes by 2020 included
counselling following the 5 ‘A’ comprehensive, validated treatment algorithm and a sound
healthcare system (Spring et al., 2013). The ‘5’ A treatment algorithm involves 5
counselling steps namely assessment of the risk behaviour, advise on change, agree on
goals and an action plan, assist with treatment and arrange follow-up, while a sound
healthcare system would provide the practical tools required to assess health behaviour
(Spring et al., 2013).

The South Africa 2013-2017 strategic plan for the prevention and control of noncommunicable diseases encompasses three main areas which include healthy lifestyle
promotion, health system strengthening and monitoring cases and risk factors (South
Africa Health News Service 2013). The suggested tools to be use in fostering behaviour
change include combined lifestyle assessment form, 5 ‘A’ prompt, motivational
interviewing (MI) tools and road 2 health card for adults (CDIA 2013).
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b) Metabolic risk factors

i) Obesity and overweight

Obesity and overweight are defined as excessive build-up of fat in the body and are
measured by the body mass index (a calculated value obtained by dividing weight in
kilograms (kg) by the square of height in metres (m2) (WHO 2013: 2). A body mass index
of 25.00 to 29.99kg/m2 and greater or equal to 30kg/m2 defines overweight and obesity
respectively (WHO 2013: 2). Obesity, once regarded as a problem of developed nations
is becoming an increasing problem in developing countries undergoing epidemiological
transition (Ogunbanjo 2013). Globally by 2008, more than 1.4 billion adults 20 years and
older were either overweight or obese (WHO 2013: 2).

In South Africa the prevalence of obesity or overweight was 29% in men and 56% in
women (Goedecke et al., 2007). Obesity is caused by environmental factors involving
over nutrition and sedentary lifestyle (Misra and Khurana 2008). However, a recent report
has largely blamed the quality of diets, particularly diets loaded with carbohydrates as the
primary driver of the current obesity epidemic (Bowden 2013). Genetically, rare single
gene defects in regions that code for leptin and leptin receptor, proopiomelanocortin
peptide and receptor, and melanocortin receptors that control key components of appetite
in the hypothalamus, increase an individual’s susceptibility to becoming obese (Fig. 2.5)
(McCormack and Grant 2013, Murphy et al., 2013). Rare causes of obesity include
endocrine disorders, medications and psychiatric illness (Ogunbanjo 2013).
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Figure 2. 5: The sites of known monogenic causes of obesity which affect the central regulators of appetite.
Adapted from Murphy et al. (2013).

Obesity, particularly visceral adiposity is a primary driver of insulin resistance,
hypertension, type 2 diabetes mellitus, inflammation and is integral to initiation and
progression to CVD (Tchernof and Després 2013). Furthermore obesity may also result
in musculoskeletal disorders (osteoarthritis) and cancers (endometrial, breasts, colon)
(WHO 2013: 2). While the prevention and management of obesity demand adoption of
healthier diets and increased physical activity (Ogunbanjo 2013), challenges in the form
of low education and high unemployment, may hinder efforts of reducing the epidemic
(Ntsoane et al., 2012).

ii) Insulin resistance

Insulin resistance (IR) refers to reduced response of target cells (liver, muscle and
adipocytes) to insulin (Defronzo and Tripathy 2009). IR may be caused by single
mutations in genes that code for insulin receptors (Murphy et al., 2013). If the defective
insulin receptors are on the muscle cells, the uptake of glucose by muscle cells is impaired
and would increase uptake of glucose in adipocytes and promote formation of
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triglycerides in the adipocytes resulting in obesity, whereas defective insulin receptors on
adipocytes favors leanness (Wilcox 2005). Inversely, IR may be driven by obesity through
some complex interplay involving endocrine, inflammatory, neural and cell intrinsic
mechanisms (Qatanani and Lazar 2007). In obesity, several adipokine concentrations are
altered. Adiponectin concentration decreases while resistin, interleukin-6 (IL-6), tumour
necrosis factor-alpha (TNF-α), retinol-binding protein 4 (RBP4) and fatty acids (FAs)
concentrations increase and these changes interfere with insulin signaling resulting in IR
(Rabe et al., 2008, Li et al., 2013). Decreases in adiponectin promotes hepatic glucose
output and reduces FA oxidation in liver, promotes influx of FA and reduces insulin
sensitivity (Bastard et al., 2006). Increased resistin and IL-6 triggers the expression of
Suppressor of Cytokine signaling-3 (SOC-3) which interferes with insulin receptor
substrate-1(IRS-1) and IRS-2 tyrosine phosphorylation or target IRS-1 and IRS-2 for
proteosomal degradation blocking insulin signaling. An increase in FA and TNF-α
activates Protein kinase C (PKC), Jun kinase (JNK), nuclear factor-kB (NF-kB), IkB kinase
(IKK), p38, mitogen-activated protein kinase (MAPK) that promote serine phosphorylation
of IRS-1 and IRS-2 making them poor substrates for insulin receptor activating kinases
and increasing their degradation (Bastard et al., 2006). The increased RBP4 impairs the
insulin stimulated uptake of glucose in muscles and elevates hepatic glucose production
(Qatanani and Lazar 2007). Cellular mechanisms that interfere with insulin signaling in
obesity include oxidative stress, endoplasmic reticulum (ER) stress and mitochondrial
dysfunction (Qatanani and Lazar 2007). Oxidative stress and ER stress activate the
kinases (IKK, JNK, NF-kB) which increase serine phosphorylation of IRS-1 and IRS-2 and
interfering with insulin signaling. Mitochondrial dysfunction resulting from a decrease in
the expression of nuclear encoded genes such as PPARγ co-activator 1 (PGC-1), that
regulate mitochondrial biogenesis, results in accumulation of fat in muscle and liver which
impairs insulin signaling through the activation of protein kinases by increased FA
(Qatanani and Lazar 2007). While it may not be clear, which one comes first obesity or
insulin resistance the two are closely linked and tend to co-exist in obese individuals
(Morton and Schwartz 2011).
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iii) Diabetes mellitus type 2

Diabetes mellitus type 2 is a metabolic disorder characterized by increased concentration
of glucose in the blood (Hinnen 2013). According to the International Diabetes Federation
(IDF) at least 382 million people worldwide are living with diabetes and the number is
expected to reach 592 million by the year 2035 (IDF 2013). About 80% of the total number
of people living with diabetes are from low to middle income countries (IDF 2013). Type
2 diabetes mellitus is associated with complications including retinopathy, neuropathy,
nephropathy and CVD. People with type 2 diabetes mellitus have a 2- to 3-fold increase
in risk of having stroke or myocardial infarction (Hinnen 2013). Factors known to
predispose people to the risk of type 2 diabetes mellitus include abdominal obesity, IR,
excessive alcohol intake, poor dietary habits, physical inactivity, age and a genetic
predisposition (Hu 2011). More than forty (40) genetic variants associated with
susceptibility to type 2 diabetes mellitus have been identified (Hu 2011). Most of these
genetic variants are associated with impaired β-cell function, peroxisome proliferator
activated receptor-γ (PPAR-γ), insulin receptor substrate 1 (IRS-1), insulin-like growth
factor (IGF-1) and glucokinase (hexokinase 4) regulator (GCKR) genes (Spellman 2010,
Hu 2011).

The elevated concentration of glucose present in type 2 diabetes mellitus is a result of an
interplay of several mechanisms. Insulin resistance in muscle and liver cells results in
reduced uptake of glucose and elevated glucose concentration in plasma. The
consistently elevated glucose concentration exert pressure on β-cells to produce more
insulin and this leads to progressive β-cell damage and failure to produce insulin
(DeFronzo et al., 2013). The damaged β-cells become nonresponsive to the stimulatory
effects of the incretin hormones, glucagon-like peptide (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP) resulting in reduced insulin secretion (Knop et al., 2007).
Additionally, adipocyte resistance to insulin anti-lipolytic effect results in increased plasma
free fatty acids (FFA), which through oxidation will provide energy to fuel glucose
production in the liver through gluconeogenesis (Groop et al., 1989). Glucose production
in the liver is enhanced following increased glucagon secretion by the α-cells when GLP31

1 secretion is reduced in the intestines which is associated with an enhanced hepatic
sensitivity to glucagon (Spellman 2010). The increased reabsorption of glucose by the
kidney in type 2 diabetes mellitus contributes to the maintenance of an elevated plasma
glucose concentration (Hinnen 2013). The central nervous system contributes to the
elevated glucose concentration by resisting the effect of insulin and altered neurosynaptic
hormone secretion resulting in appetite dysregulation (Morton and Schwartz 2011). The
incidence of type 2 diabetes mellitus may however be reduced by increasing physical
activity and preventing obesity (Hu 2011).

iv) Hypertension

Hypertension (HTN) or persistently raised blood pressure (BP) defined as a systolic blood
pressure (SBP) above 140mmHg and/or a diastolic blood pressure (DBP) above
90mmHg (WHO 2009), can be categorized into secondary hypertension resulting from a
specific

cause

and

primary

hypertension

resulting

from

some

underlying

pathophysiological alterations (Leisman et al., 2014). Secondary hypertension has a low
prevalence affecting between 2% to 5%, while primary hypertension affects more than 95
% of hypertensive people (Beevers et al., 2001). Persistent hypertension may lead to
complications including kidney disease and CVD (Kaur and Khannab 2012). In the year
2000, about 972 million people had HTN worldwide, of which 333 were from developed
countries and 639 million people were from low to middle income countries. By 2025,
about 1.5 billion people worldwide, an increase of 60% will have HTN (Kearney et al.,
2005).

Primary hypertension probably results from an interplay of genetic factors, age,
environmental factors including alcohol consumption, smoking, low potassium intake,
high sodium intake, poor dietary habits and physical inactivity giving rise to obesity and
insulin resistance (Oparil et al., 2003). Genetic variants in 14 loci have been associated
with susceptibility to hypertension with significant risk of hypertension conferred when
genes act conjointly (Khullar 2010). The independent loci were located in or near genes
encoding enzymes (kinases and cytochrome), solute channels, transcription factors,
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growth factor, cell signaling proteins and structural proteins (Khullar 2010). As people
age, the risk of hypertension is increased due to reduced elasticity and increased stiffness
of the large arteries (Kaur and Khannab 2012). Smoking also contributes to stiffness of
arteries causing increased systolic blood pressure (Landberg 2013). Excessive sodium
intake in diet, excessive alcohol consumption and high levels of insulin and leptin present
in obesity and insulin resistance tend to activate the sympathetic nervous system (SNS)
(Makaritsis et al., 2000, Kaur and Khannab 2012, Landberg et al., 2013). The activation
of SNS stimulates the heart, vasculature and the renin angiotensin aldosterone system
resulting in increased heart rate, vascular resistance and fluid retention following sodium
reabsorption, respectively (Oparil et al., 2003). These changes when combined together
may contribute to the development of high blood pressure and to the maintenance of
hypertension.

Since hypertension is related to obesity (Landberg et al., 2013), it is expected that the
prevalence of hypertension may increase following the current obesity epidemic.
Strategies to reverse obesity and insulin resistance would indirectly resolve hypertension
in most people. However, a multiple approach involving lifestyle changes as well as
treatment targeting various systems that are deranged in hypertension maybe appropriate
(Gupta and Guptha 2010).

v) Dyslipidaemia

Dyslipidaemias are generally defined by abnormal amounts of lipids and lipoproteins in
the blood. Most dyslipidaemias are characterized by increased plasma total cholesterol
(TC), low density lipoprotein cholesterol (LDL-C) and triglyceride (TG) concentrations,
and decreased plasma high density lipoprotein cholesterol (HDL-C) concentration (Duval
et al., 2007). Dyslipidaemias maybe classified as primary or secondary, and both
predispose to atherosclerosis which may subsequently lead to CVD.

The primary causes include a variety of genetic factors. The most important is the familial
hypercholesterolaemia (FH) characterized by elevations of plasma cholesterol (Palacio
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et al., 2011). A predominance of small, dense LDL particles, elevated apolipoprotein B
and decreased HDL-C levels has been commonly reported in members of FH families
(Juo et al., 1998). Familial hypercholesterolaemia is caused by a mutation in the LDL
receptor gene which is located on chromosome 19, and results in a lack of expression of
receptors or defective receptors for LDL (Juo et al., 1998). Other genetic disorders include
familial hypertriglyceridemia resulting from possibly multiple defects (Tullu et al., 2008),
familial defective apo B-100 due to LDL receptor–binding region defect (García-Álvarez
et al., 2003) and familial HDL deficiency resulting from defects in the ATP-binding
cassette transporter A1 (ABC A1) gene (Pisciotta et al., 2004).

The secondary causes which include conditions such as obesity, diabetes mellitus, renal
diseases, insulin resistance and HIV infection contribute to most cases of secondary
dyslipidaemia (Tovar 2006, Tsimihodimos and Elisaf 2011). Insulin resistance is central
to the development of secondary dyslipidaemia present in conditions such as diabetes
mellitus type 2 and obesity (Mooradian 2009). The characteristic features of this
dyslipidaemia are high TG concentration, low HDL cholesterol concentration and high
small dense LDL concentration (Mooradian 2009, Klop et al., 2013). This triad of plasma
lipid abnormalities is also referred to as Atherogenic Lipoprotein Phenotype B (Musunuru
2010).

The increased influx of free fatty acids from dietary intake, intravascular lipolysis and
adipose tissue resistance to the anti-lipolytic effects of insulin leads to the increased
synthesis of TG in the presence of adequate glycogen in the liver (Klop et al., 2013).
Hypertriglyceridaemia in the liver triggers the secretion of apolipoprotein B and very low
density lipoprotein (VLDL) cholesterol. The TG carried in the VLDL particles is exchanged
for cholesterol ester carried by HDL via the action of Cholesterol Ester Transfer Protein
(CETP).The TG-rich HDL is then hydrolysed by hepatic lipase or lipoprotein lipase giving
rise to reduced size HDL from which apolipoprotein A1 is liberated. The released
apolipoprotein A1 is filtered by renal glomeruli followed by degradation in renal tubular
cells resulting decreased levels of HDL cholesterol (Mooradian 2009). In addition, CETP
exchanges TG from VLDL particles for cholesterol ester from LDL-particles giving rise to
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TG-rich LDL which is hydrolysed by hepatic lipase or lipoprotein lipase in the liver resulting
in increased lipid-depleted small dense LDL-particles (Mooradian 2009).

Dyslipidaemia is one of the main risk factors for CVD (Tsimihodimos et al., 2011). While
drugs such as statins, fibrates and nicotinic acid can be used in management of
secondary dyslipidaemia (Mooradian 2009, Mesquita et al., 2010), treatment may partially
be directed to the underlying conditions (Tsimihodimos and Elisaf 2011).

vi) Metabolic Syndrome

Metabolic syndrome (MetS) is a condition in which multiple interrelated CVD risk factors
co-exist in an individual (Alberti et al., 2009). Metabolic syndrome has been defined in a
variety of ways by different organisations. According to National Cholesterol Education
Program ATP III, MetS was defined using any three risk factors from five which include
abdominal obesity (circumference: males>102cm, women>88), high TG concentration≥
1.7mmol/l, low HDL cholesterol concentration (men<1.03mmol/l, women<1.29mmol/l),
high BP (systolic BP≥ 130mmHg or diastolic≥85mmHg or both) and raised fasting plasma
glucose concentration (≥6.1mmol/l) (NCEP ATP III). The International Diabetes
Federation (IDF) defined MetS as a combination of central obesity (circumference:
males>94cm, women>80; with ethnicity specific values for other groups) and a choice of
two risk factors from high TG concentration ≥ 1.7mmol/l, low HDL cholesterol
concentration (men<1.03mmol/l, women<1.29mmol/l), high BP (systolic BP≥ 130mmHg
or diastolic≥85mmHg or both) and raised fasting plasma glucose concentration
(≥5.6mmol/l). In 2009, these organisations unified and agreed on the definition of MetS
as any 3 of the 5 risk factors and abdominal obesity seized to be a pre-requisite for
defining MetS (Alberti et al., 2009).

High prevalences of MetS have been reported from rural and urban Brazil, 29.6% (de
Carvalho Vidigal et al., 2013), rural South Africa, 22.1% (Motala et al., 2011) and urban
India, 19.52% (Sawant et al., 2011). The high prevalence of MetS, may be related largely
to the increase in obesity and sedentary lifestyle (Alberti et al., 2009).
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2.2.2 Pathophysiology of HIV and ARV related CVD risk factors
HIV infected people may have increased CVD risk through direct or indirect mechanisms
from HIV or antiretroviral treatment, which induce risk factors such as DM, dyslipidaemia,
hypertension, lipodystrophy, and endothelial dysfunction (Manfredi and Calza 2009).
However, some traditional risk factors such as genetic predisposition, increased BMI,
smoking, positive family history and increasing age may still have a crucial role in the
development of metabolic risk factors in HIV infected people (Paik and Kotler 2011).
Furthermore, three possible scenarios of patients with metabolic disorders and infected
with HIV may be identified, firstly; patients with pre-existing known metabolic disorders
who then contract HIV, secondly; those who are diagnosed with metabolic disorder at
onset of HIV infection, and thirdly; those who develop metabolic disorders after initiating
antiretroviral treatment (Kalra et al., 2011). Thus the effects of HIV infection, HAART,
environmental and genetic factors may be difficult to separate in an individual.

2.2.2.1 Insulin resistance (IR) and Diabetes mellitus type 2 (DM)
HIV induced IR is mediated through the attenuation of PPAR-γ activity by HIV accessory
protein Vpr leading to inhibition of adipocyte differentiation, reduced uptake of free fatty
acid (FFA) and inhibition of transcriptional activity of insulin (Shrivastav et al., 2008). HIV
protein Tat, activates NF-Kb, which triggers the secretion of TNF-α, the blockage of FFA
uptake by adipocytes and suppression of insulin signalling due to reduction of insulin
receptor substrate-1 (IRS-1) (Paik and Kotler 2011). HIV infected people on treatment
tend to experience improvement in their general health, which is associated with improved
appetite, increased food intake and weight gain. This may lead to overweight or obesity,
conditions which predispose to insulin resistance and type 2 diabetes mellitus (Reid
2012).

Antiretroviral treatment, particularly protease inhibitors (PIs) (Indinavir and ritonavir)
inhibits the activity of PPAR- γ (Caron et al., 2009, Reid 2012), and promotes down
regulation of GLUT-4, a transporter of glucose into fat cells, cardiac and muscle cells,
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thus maintaining high concentration of glucose in circulation (Hresko and Hruz 2011).
Protease inhibitors especially ritonavir and nelfinavir but not Indinavir interfere with the
secretion of insulin by β-cells giving rise to glucose intolerance which can progress to
type 2 DM (Neye et al., 2006, Flint et al., 2009). Nucleoside reverse transcriptase
inhibitors (NRTIs) are toxic to the mitochondrial organelle. They inhibit the mitochondrial
DNA polymerase resulting in defective mitochondrial DNA replication. This gives rise to
mitochondrial dysfunction (Paik and Kotler 2011). Mitochondrial dysfunction leads to
decreased β-oxidation of FFA and ATP production, while reactive oxygen species (ROS)
production increases. The accumulation of FFA in plasma due to reduced β-oxidation
interferes with insulin signalling resulting in IR which can induce type 2 DM (Kim et al.,
2008). The increased ROS, may result in oxidative damage of small LDL in the
subendothelial space, triggering an inflammatory state that recruits macrophages
resulting in formation of foam cells marking the initial stages of atherosclerosis (Masiά et
al., 2007).

2.2.2.2 Obesity and abdominal obesity
The obesity and abdominal obesity problem is evident among the HIV infected people at
diagnosis (Crum-Ciaflone et al., 2010) and probably reflects on the current prevailing
obesity problem among the HIV negative people in the communities. The aetiology of
obesity in ARV naïve HIV infected, as with HIV negative may involve the imbalance
between energy intake and energy expenditure caused by factors such as quality and
quantity of dietary intake, environmental and genetic factors (Ali and Crowthers 2010).
The use of ART has reduced the prevalence rates of wasting in HIV infected people,
probably due to improved health and calorie intake (appetite) (Silva et al., 1998), but has
been associated with increases in BMI of equal or greater than 25kg/m 2 (overweight and
obesity) (Reid et al., 2012, Akinboro et al., 2013). However, findings on association of
ART treatment and BMI have been inconsistent, with studies reporting an increase in BMI
with ART use (Akinboro et al., 2013), absence of association between obesity and
antiretroviral therapy (Crum-Ciaflone 2008) and a peak BMI increase after ART initiation
followed by a decline in weight due to lipoatrophy (Silva et al., 1998). These differences
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have partly been ascribed to differences in duration of treatment among the different
studies (Crum-Ciaflone et al., 2008). In addition, the ART has been associated with
visceral lipohypertrophy giving rise to abdominal obesity (Reid et al., 2012).

2.2.2.3 Lipodystrophy

Lipodystrophy in HIV infected people is marked by decreased subcutaneous fat in upper
and lower extremities with prominent veins (lipoatrophy) or fat accumulation around the
neck, the dorsocervical region as a “buffalo hump”, the abdomen and the trunk
(lipohypertrophy) or both lipoatrophy and lipohypertrophy (Palios et al., 2012).

Lipoatrophy in HIV infected treatment naïve people has been associated with chronic low
grade inflammation at systemic and adipocyte levels. Systemic inflammation promotes
movement of monocytes across the vascular endothelium into the fat tissue where they
differentiate into activated macrophages which enhances the local inflammation at
adipocyte level, increasing the levels of TNF-α. Increased TNF-α, HIV proteins, Vpr and
Nef, interfere with adipocyte function and differentiation through inhibition of PPAR-γ
leading to limited lipoatrophy (Caron-Debarle et al., 2010) (Fig 2.6).

Figure 2. 6: Possible HIV mechanisms in adipose tissue leading to lipoatrophy Caron-Debarle et al.
(2010).

Treatment with thymidine nucleoside reverse transcriptase inhibitors (tNRTI), stavudine
and zidovudine account for the development of lipoatrophy (Reid et al., 2012). The low
mitochondria content of subcutaneous adipose tissue (SAT) makes it more prone to
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lipoatrophy than visceral adipose tissue (VAT) through increased mitochondrial
dysfunction resulting from inhibition of mitochondrial DNA (mtDNA) polymerase γ,
oxidative mtDNA damage and inhibition of Adinosine diphosphate (ADP)/ Adinosine
triphosphate (ATP) translocase. Additionally, NRTI increases the expression of genes
involved in oxidative stress and apoptosis (Martinez 2011). On the other hand, the higher
mitochondrial content of VAT makes it initially less sensitive to drug and virus induced
mitochondrial damage giving rise to a mild mitochondrial dysfunction. Slight damage to
mitochondria permits increased production of ROS which drives mitochondrial
biogenesis, and adipogenesis resulting in lipohypertrophy (Caron-Debarle et al., 2010).
Moreover, unlike SAT, hypertrophied VAT has no impairment of adipogenic gene
expression (Caron-Debarle et al., 2010). However, long term exposure to NRTI may result
in severe damage to mitochondria which can lead to inhibition of adipogenesis,
lipogenesis and increased apoptosis leading to lipoatrophy (Caron-Debarle et al., 2010).
Lipohypertrophy may probably be modified through lifestyle changes involving low caloric
high fibre diets and exercising but the same may not be applicable in lipoatrophy as it
may worsen the fat loss (Leyes et al., 2008).

2.2.2.4 Dyslipidaemia

Dyslipidaemia in treatment naïve HIV infected people is characterized by decreases in
TC, LDL-C, HDL-C and increases in TG concentrations (Feingold et al., 1993, Riddler et
al., 2008, Rose et al., 2008, Fourie et al., 2010). As uncontrolled HIV infection progresses
to AIDS, the TC, LDL-C and HDL-C concentrations continue to decline while TG
concentration continues to increase (Feingold et al., 1993). The lipoprotein subclass
(small LDL-p, large LDL-p, small HDL-p and large HDL-p) concentrations decrease in
treatment naïve HIV infected compared to uninfected people (Stein et al., 2008, Baker et
al., 2010). The initiation of ARV therapy tends to raise the lipids to pre-infection levels and
above (Riddler et al., 2008, Tien et al., 2010). Some HAART regimens, especially PIbased regimens have been associated with severe dyslipidaemia characterised by high
concentrations of TC, LDL-C, TG and low concentration of HDL-C (Riddler et al., 2003;
Rose et al., 2006) coupled with increased concentration of total LDL-p, small dense LDL39

p and low concentration of HDL-p (Swanson et al., 2009). Some NNRTI-based HAART
result in smaller increase in TC, LDL-C, and TG concentrations with noticeable increase
in HDL-C and HDL-p concentrations (Minnaar and van der Merwe 2008; Swanson et al.,
2009). ARV dyslipidaemia, particularly induced by PIs may resemble the Atherogenic
Lipoprotein Phenotype B, which is associated with increased risk of atherosclerosis and
CVD (Riddler et al., 2008).

The down regulation and up regulation of lipoproteins is a result of a combination of
mechanisms (Figure 2.7). The HIV virus via its accessory protein Nef, impairs the
Adenosine Triphosphate (ATP)-binding cassette transporter subfamily A, member 1 (ABC
A1) system resulting in decreased cholesterol efflux from macrophages and decreased
HDL-C (Mujawar et al., 2006). Inflammation triggers release of cytokines TNF-α and IL6. TNF-α attenuates the ability of insulin to suppress lipolysis from fat cells and thus
interferes with free fatty acid metabolism promoting hypertriglyceridemia (Oh and Hegele
2007). IL-6 decreases lipoprotein lipase activity and increases phospholipase A2 and
endothelial lipase activity resulting in the accumulation of TG-rich lipoproteins and an
increase in catabolism of HDL (Rader 2006).

Protease inhibitor containing regimens are associated with abnormal accumulation of
intramyocellular fat, leading to insulin resistance, which increases plasma apolipoproteinB containing and TG-rich lipoprotein. Furthermore PI regimen impairs hydrolysis of
triglyceride-rich lipoproteins by plasma and tissue lipases, resulting in high levels of TG
(Purnell et al., 2000, Torriani et al., 2006). Structural homology between LDL-receptor
related protein type 1 (LRP 1) and HIV protease may promote binding of PI to LRP 1.
LRP 1 normally binds to lipoprotein lipase on capillary endothelium, which hydrolyses free
fatty acids (FFA) from triglycerides promoting their accumulation in adipocytes. Thus PI
binding to LRP1 would interfere with LRP1-lipoprotein lipase complex formation, reducing
adipose storage capacity and increasing plasma triglyceride-rich lipoproteins (Carr et al.,
1998).
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The contribution of other metabolic conditions such as diabetes, insulin resistance and
metabolic syndrome that normally cause similar lipoprotein abnormalities to HAART
should be born in mind when managing dyslipidaemia in HIV infected people. In addition
to lipid lowering drugs, dietary intake and physical activity remain a priority. Evidence from
Calza et al. (2005) showed that the lipid lowering agents (pravastatin and bezafibrate) are
more effective in improving the dyslipidaemia induced by ARV rather than ARV switching
to drugs with less atherogenic effect. Thus pravastatin with minimal interactions with ARV
drugs could be a preferred statin in HIV infected people (Dau and Holodniy 2008).
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Figure 2. 7: Schematic diagram representing the down regulation and up regulation of lipoproteins by HIV, AIDS, HAART intervention and other variables
Schematic diagram representing the down regulation and up regulation of lipoproteins by HIV, AIDS, HAART intervention and other variables that may be present during
HIV infection and its treatment. HIV Nef protein impairs ABC A1 system resulting in decreased HDL-C (A). Chronic inflammation (A, B,C) triggers release of TNF-α which
attenuates insulin ability to suppress lipolysis resulting in hypertriglyceridemia and release of IL-6 which decreases lipoprotein lipase activity and increases phospholipase
A2 and endothelial lipase activity resulting in the accumulation of TG-rich lipoproteins and an increase in catabolism of HDL. PI regimen impairs hydrolysis of triglyceriderich lipoproteins by plasma and tissue lipases, resulting in high levels of TG (C). The other variables cause dyslipidaemia through the mediation of adiponectin (D). Adopted
from Mashinya et al. (2014).
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2.3 PREVALENCE OF CVD RISK FACTORS IN HIV INFECTED PEOPLE.

Studies that have reported on CVD risk in HIV infected people, have utilized different
study designs. Most studies were cross sectional without comparative groups, while other
studies compared the CVD risk factors between HIV infected and uninfected people, HIV
infected people on ARV and HIV infected treatment naïve people and lastly between HIV
infected males and females. Moreover, different risk factors were analyzed in each study
(Table 2.5).

2.3.1 Smoking
Studies that compared CVD risk factors between HIV infected (combined treated and
untreated) and HIV uninfected people reported significantly higher proportions of smokers
in the HIV infected groups (38-68%) compared to HIV negative groups (18-37%) (Triant
et al., 2007, Kwiatkowska et al., 2011, Malaza et al., 2012, Kakinami et al., 2013). In a
recent study by Hilleman et al. (2014) the prevalence of smoking remained higher in ART
naïve HIV infected compared to HIV negative people. In the Cardiovascular Risk
Evaluation and Antiretroviral therapy (CREATE-1) study from United Kingdom (UK), HIV
infected people were divided by gender and compared to HIV uninfected gender
counterparts from the HEART-UK study. Significantly higher proportion of HIV infected
males and females were smokers compared to their HIV uninfected counterparts.
However, despite being infected with HIV and a high prevalence of smoking, the 10-year
CVD risk in the CREATE-1 cohort was lower than the HEART-UK cohort (Aboud et al.,
2010). The older age of the HEART-UK cohort could have contributed to the higher 10year CVD risk compared to the CREATE-1 cohort.

Cross sectional studies that compared CVD risk factors in ARV treated HIV infected and
HIV infected treatment naïve people observed a similar prevalence of smoking in the two
groups (Manfredi 2009, Muhammad et al., 2013, Edward et al., 2013, Kagaruki et al.,
2014). However, studies have observed a higher prevalence of smoking in HIV infected
males than in females (Aboud et al., 2010, Edward et al., 2013), probably contributing to
the high CVD risk associated with male gender.
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2.3.2 Obesity, abdominal obesity and Hypertension
In a South African study, hypertension (27.9% vs 19.5%) and obesity (24.5% vs 20.0%)
were significantly higher in HIV uninfected than in HIV infected people (Malaza et al.,
2012). In contrast, a study conducted in Poland by Kwiatkowska et al. (2011) observed a
similar prevalence of hypertension and obesity among HIV infected and uninfected
people, while two studies conducted in United States of America (USA) reported a
significantly higher prevalence of hypertension (p<0.001) in HIV infected compared to
uninfected people (Triant et al., 2007, Kakinami et al., 2013). A comparison of HIV
infected people from the CREATE-1 study and HIV uninfected from the HEART-UK study,
showed that a significantly higher proportion of HIV infected than uninfected women had
abdominal obesity, while HIV infected and uninfected men had a similar prevalence of
abdominal obesity (Aboud et al., 2010).

Some studies reported a non-significant difference in the prevalence of obesity and
hypertension among ART treated HIV infected and treatment naïve HIV infected people
(Manfredi 2009, Edward et al., 2013, Carey et al., 2013). Contrastingly, a cross-sectional
study from urban Nigeria reported a significant difference in the prevalence of obesity
(11% vs 2%, p=0.018) and hypertension (17% vs 2%, p=0.001) between ARV treated
HIV infected and treatment naïve people (Muhammad et al., 2013). The high prevalence
of hypertension among ARV treated people was attributed to the duration of ARV
treatment and high BMI in these people (Muhammad et al., 2013). High BMI in ARV
treated people is associated with a state of ‘return to health’, in which most ARV treated
people gain appetite and take more calories resulting in weight gain (Reid 2012).
Similarly, significantly higher prevalence of obesity, abdominal obesity, and hypertension
was observed among Tanzanians on ART compared to those naïve to treatment
(Kagaruki et al., 2014).

A cross-sectional study conducted in Nigeria, comparing CVD risk factors in HIV infected
men and women reported significantly higher proportions of obesity and abdominal
obesity in HIV infected females than HIV infected males (Edward et al., 2013). A similar
study conducted in Kenya reported a higher prevalence of obesity in HIV infected females
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than in HIV infected males, however the level of significance was not indicated
(Bloomfield et al., 2011). Similarly, studies conducted in the South African general
population have reported a higher prevalence of obesity in females when compared to
males (Malhotra et al., 2008, Morris et al., 2011).

Studies conducted in Ethiopia (Berhane et al., 2012) and Senegal (Diouf et al., 2012)
among people on ART only, found a high prevalence of hypertension, while the
prevalence of hypertension among South Africans on ART was low (19.1%) (Julius et al.,
2011).

2.3.3 Diabetes mellitus (DM) and metabolic syndrome
Two USA studies on the prevalence of DM were discordant where the study by Triant et
al. 2007 reported a significant difference while the study by Kakinami et al. (2013)
reported a similar prevalence of DM among HIV infected and uninfected people. However,
when the prevalence of DM was compared between HIV infected people on ART and
those naïve to ART, no significant difference was observed (Manfredi 2009, Edward et
al., 2013, Carey et al., 2013, Muhammad et al., 2013, Kagaruki et al., 2014). In the study
by Muhammad et al. (2013) the prevalence of metabolic syndrome was significantly
higher in ARV treated than untreated HIV infected people.

2.3.4 Dyslipidaemia
Studies that compared lipid profiles of HIV infected and uninfected people have
unanimously found decreased TC, HDL-C, LDL-C concentrations and increased TG
concentration in HIV infected treatment naïve compared to uninfected people (Feingold
et al., 1993, Rose et al., 2008). Despite the low LDL-C concentration in HIV infection, the
proportions of atherogenic small dense LDL-C particles may be increased posing high
risk of atherosclerosis (Feingold et al., 1993). Some studies that compared lipid profiles
of ARV treated HIV infected and uninfected people reported significantly higher
concentration of TG and lower HDL-C concentration in the ARV treated HIV infected
compared to uninfected people (Riddler et al., 2008, Tien et al., 2010).
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The prevalence of dyslipidaemia was significantly higher in HIV infected compared to
uninfected people (Triant et al., 2007). The prevalence of hypertriglyceridaemia and
hypercholesterolaemia was significantly higher, while the prevalence of low HDL-C was
significantly lower in ARV HIV treated than in HIV infected treatment naïve people (Carey
et al., 2013, Muhammad et al., 2013, Abebe et al., 2014, Kagaruki et al., 2014). A study
from Nigeria found no significant difference in the prevalence of hypertriglyceridaemia,
hypercholesterolaemia and low HDL-C among ARV treated and ARV untreated people
(Edward et al., 2013). When HIV infected males and females were compared, the
prevalence of low HDL-C was significantly higher among HIV infected females than HIV
infected males. However, the prevalence of low, moderate and high 10-year CVD risk
was similar between the two groups (Edward et al., 2013).

Cross sectional studies involving people on ART only, that were conducted in Ethiopia
(Berhane et al., 2012) and South Africa (Julius et al., 2011) found a high prevalence of
low HDL-C. In addition the prevalence of high TG was high among Ethiopians, while a
low prevalence of high TG was observed among the South Africans.

2.3.5 Lipoprotein subclasses
The distribution of lipoprotein subclasses in HIV infected people with CVD was
determined and compared to the distribution of HIV infected without CVD in the Strategies
for Management of Antiretroviral Therapy (SMART) study. There were no differences in
total LDL-p, small LDL-p and total VLDL-p between CVD cases and controls. However,
differences were observed in total HDL-p (p<0.0001), large HDL-p (p<0.006) and small
HDL-p (p<0.01) between CVD cases and controls. The reduced HDL-p in CVD cases
could have contributed to the reduced cholesterol transportation back to the liver, hence
more cholesterol retention in the vessels increasing the probability of plaque formation.
The evidence suggests that a low HDL-p concentration, is a more important risk factor for
CVD in HIV infected people than traditional LDL-p concentration in particular small dense
LDL-p concentration (Duprez et al., 2009; Baker et al., 2010).
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2.3.6 CVD estimation equations
Several CVD risk prediction models that include the Systematic Coronary Risk Estimation
(SCORE) (Conroy et al., 2003), Prospective Cardiovascular Mu¨nster Study (PROCAM)
(Assmann et al., 2002), Framingham risk equation (D'Agostino et al., 2001) and the Data
Collection on Adverse Effects of Anti-HIV Drugs (D.A.D) (Friis-Moller et al., 2010) have
been developed and are used to estimate the future CVD risk in various populations. The
DAD is the only risk estimation equation to date that was developed specifically for HIV
infected people, while the Framingham equation is the most widely used conventional
CVD risk estimation equation. Literature suggests that the Framingham risk estimation
equation tends to overestimate CVD risk in Europeans (De Visser et al., 2003, Cooper et
al., 2005) and underestimates CVD risk in black South Africans (Klug et al., 2015).
Although an agreement has been reported between Framingham and DAD risk estimation
equations (Nery et al., 2013), findings on the use of the Framingham equation in HIV
infected people are conflicting (Law et al., 2006, Nery et al., 2013). Law et al. (2006) found
the Framingham equation to underestimate while Nery et al. (2013) found the
Framingham equation to overestimate the 10-year CVD risk in people infected with HIV
and on ART. These differences may be due to age, an important factor in determining
risk for CVD using the Framingham equation (Cooney et al., 2010). Therefore studies
with young people may have low risk score irrespective of their risk factor levels.
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Table 2. 5: Cardiovascular risk factor prevalences (%) in HIV infected people.
Author/ study
design

Study population

Triant et al.,
2007 /
Retrospective Case-control

HIV infected – 3851 people
On ARV (40.9%)
Males- 69%
Mean age- 38 (32-44).
AA – 23.5%, C-54.1%, H-7.1%
HIV uninfected- 1 044 589 people
Males 40.9%
Mean age- 39 (29-54)
AA - 6.7%, C - 66.1%, H – 7.1%
p-values

38

-

18

USA

Kakinami et al.,
2013/
Cross-sectional
Case-control
USA

Kwiatkowska et
al., 2011/
Cross sectional
Case control
Poland

Smoking

Obesity

overweight

Abdominal
obesity

DM

-

-

11.5

-

-

-

-

-

-

HIV infected - 239 people
On ARV-79%
Males-69%
Mean age -44.5±9.5 years
AA – 37%, C – 52%, H – 11%
HIV uninfected – 717 people
Males – 69%
Mean age- 44.5 ± 9.5 years
AA – 37%, C – 52%, H – 11%
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-

27

p- values
HIV infected – 72 people
On ARV – 94.4%
Males – 67%
Mean age – 39.4 ± 8.9 years
HIV uninfected – 27 people
Males – 67%
Mean age – 39.3 ± 10.9 years
p - values

HTN

Dyslipidaemia
High TC
High TG

Low HDLC

21.2

Dyslipidaemia- 23.3

-

6.6

15.9

Dyslipidaemia-17.6

-

<0.001

<0.001

<0.001

-

-

7

38

-

-

-

-

-

-

8

19

-

-

-

<0.001

-

-

-

0.94

<0.001

-

-

-

63.8

8.3

-

-

2.7

34.2

-

-

-

37

18.5

-

-

3.7

33.3

-

-

-

0.04

NS

-

-

NS

NS

-

-

-
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Author/ study
design

Study population

Malaza et al.,
2012/
Case control

HIV infected – 2513 people
Males and females

-

20

HIV uninfected – 27 people
Males and females
p-values

-

South Africa

Aboud et al.,
2010/
Cross sectional

UK

CREATE-1 study:
HIV infected – 1021 people
On ARV – 73.1 %
Males – 76%
Mean age – 40 (35-46) years
AA – 33.3%, C – 50.8%, others15.9%
DAD study:
HIV infected – 23 468 people
Males – 75%
Mean age – 39(34-47) years
p - values
CREATE -1 study:
HIV males infected – 737 people
Mean age – 41.2 ± 9.2 years
C – 65%
Heart –UK study:
HIV uninfected males – 27 776
Mean age – 51.5 ± 16.2*
C – not available
p-values

Smoking

Abdominal
obesity

DM

Dyslipidaemia
High TC
High TG

Low HDLC

45.6

-

-

19.5

-

-

-

24.5

46.0

-

-

-27.9

-

-

-

-

<0.001

0.76

-

-

<0.001

-

-

-

37

24

-

-

3

12

35.6

-

33

51

-

-

-

2.5

8.5

-

-

-

<0.05

-

-

-

NS

<0.05

-

-

-

45

-

-

24

2

12

-

-

-

13.4

-

-

25

4

13

-

-

-

ns

ns

ns

<0.05

Obesity

overweight

HTN
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Aboud et al.,
2010/
Cross sectional
UK

Manfredi 2009/
Cross-sectional
Italy

Muhammad et
al., 2013/
Cross sectional
Urban Nigeria

Edwards et al.,
2013/
Cross-sectional
Nigeria

CREATE -1 study:
HIV infected females – 253
Mean age – 38.8 ± 8.8 years
C–9%
Heart –UK study:
HIV uninfected females – 43261
Mean age – 52.1 ± 15.4*
C – not available
p - values

16

-

-

64

2

9

-

-

-

12.7

-

-

40.1

3

13

-

-

-

<0.05

-

-

<0.05

NS

NS

-

-

-

Total HIV infected – 27 people
Males 70%
Mean age – 44 ± 13 years
HIV infected ARV naïve – 11 people

45.4

-

-

-

-

0

Lipodystrophy - 0

HIV infected on ARV – 16 people
p - values

43.7
NS

-

-

-

-

12.5
NS

Lipodystrophy -50
0.021

-

Total HIV infected – 200 people
Males – 47 %
Mean age – 32.5 ± 7.55 years
HIV infected ARV naïve– 100 people
Males – 48%
Mean age – 32.36 ± 7.50 years
HIV infected on ARV – 100 people
Males – 46%
Mean age – 32.8 ± 7.63 years
p-values (between ARV and ARV naïve)

9

6.5

31

15.5

3

9.5

19

16

68.5

8

2

28

21

3

2

7

13

76

10

11

34

10

3

17

31

19

61

0.621

0.018

0.359

0.032

1.0

0.001

0.001

0.247

0.022

HIV infected ARV naïve– 51 people
Males – 35 %
Mean age – 36.8 ± 8.7 years
HIV infected on ARV – 214 people
Males – 32 %
Mean age – 39.1 ± 8.8 years
p-values

2.0

3.9

25.5

13.7

9.8

7.8

31.4

13.7

56.7

1.9

7.5

24.2

19.2

10.7

12.1

34.1

12.6

47.2

0.97

0.55

0.55

0.37

0.84

0.38

0.71

0.83

0.22
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Author/ study
design

Study population

Smoking

Obesity

overweight

Abdominal
obesity

DM

HTN

High TC

Edwards et al.,
2013/
Cross-sectional
Nigeria

HIV infected males – 86
Mean age – 41.7 ± 8.4 years
HIV infected females – 179
Mean age – 37.2 ± 8.5 years
p-values
All HIV infected (ARV treated and ARV
naïve)—265 people
Males – 32.4%

4.7

1.2

26.7

2.3

11.6

12.8

32.6

12.8

36.0

0.6
0.04
1.9

9.5
0.02
6.8

25.7
NS
26.0

25.7
0.001
13.1

10.1
NS
10.6

10.6
0.6
11.3

34.1
0.81
33.6

12.8
0.99
12.8

55.3
0.003
49.1

Carey et al.,
2013/
Cross sectional
South India

HIV infected on ARV -59 people
Males – 57.63 %
Mean age – 39.2 ± 9.1 years

-

23.6

-

35

34

17.3

36c

48c

54c

HIV infected ARV naive -66 people
Males – 34.85 %
Mean age – 33.4 ± 6.0 years

-

54.7

-

36.5

20.7

12.1

6.9

17.2

86.2

HIV uninfected infected -75 people
Males – 69.33 %
Mean age – 37.8 ± 8.7 years

-

38.6

-

46.7

31.2

36a

20a,b

20b

78.4b

HIV infected on ARV –354 people
Males- 32.2 %
HIV infected ARV naïve –317 people
Males- 26.5 %
p-values

38.5

61.1

61.7

3.7

30

76.6

67

43.6

61.5

38.9

38.3

4.7

21.9

28.4

33

56.4

0.99

=0.010

<0.001

-

=0.010

<0.001

=0.001

<0.001

11.1

31

73

42.1

46.8

50.8

<0.0001

<0.01

<0.0001

Kagaruki et al.,
2014/Cross
sectional study
Tanzania

Abebe et al.,
2014/ Cross
sectional
Ethiopia

HIV infected ARV naïve –126people
Males- 23.8%
Mean age – 33.4±10.2years
HIV infected on ARV –126people
Males- 31.7 %
Mean age – 37.1 ±9.8years
p-values

High TG

Low HDLC

51

Author/ study
design
Bloomfield et
al., 2011/
Retrospective
Cross sectional
Kenya

Study population

Smoking

Obesity

HIV infected males (ARV treated and
ARV naïve) – 4293
Mean age – 43 (37-49) years
HIV infected females (ARV treated and
ARV naïve) – 7901
Mean age – 40(34-47) years

-

11

-

Hilleman et al.,
2014/Cohort
USA

HIV infected ARV naive -47 people
Males – 70%
Mean age – 40[25-50]years
AA –70%, C –28%, others-2 %
HIV uninfected infected -41 people
Males – 68 %
Mean age – 37[25-49] years
AA –66%, C –34%, others-0 %
p-values

Berhane et al.,
2012/Cross
sectional
Ethiopia

HIV infected on ARV –313people
Males- 34.8 %

Julius et al.,
2011/Cross
sectional study
South Africa

HIV infected on ARV –304people
Males- 34.8 %

overweight

Abdominal
obesity

DM

-

-

-

23

-

-

72

-

-

15

-

-

-

HTN

Dyslipidaemia
High TC
High TG

Low HDLC

11

-

-

-

-

7

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Males-0
Females9.3

-

35.1

39

Male-36.7
Female53.4

-

-

-

1.3

19.1

15.8

45.7

0.001

32.2

Diouf et al.,
HIV infected on ARV –242 people
14.5
28.1
2012/ CrossMedian age-46 years
sectional
Senegal
AA African American, C causations, H Hispanic, ARV antiretroviral, HIV human immunodeficiency virus, TC total cholesterol, TG triglyceride, HDL- high density lipoprotein
cholesterol, DM diabetes mellitus type 2, HTN hypertension, NS non-significant, a p<0.05 vs ARV naïve, bp<0.05 vs HIV ARV treated, cp<0.05 vs ARV naïve *p<0.05,not-reported ‘– ‘.
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CHAPTER 3
METHODOLOGY
3.1 INTRODUCTION
The present study comprised of two phases. The first phase was a cross-sectional substudy of the project “Prevention, Control and Management of Chronic diseases in a rural
population, South Africa” in which a random sample of 815 people participated.
Participants who tested HIV positive following pre-counselling and were not on ARV
treatment according to a questionnaire formed the cases. Participants who tested HIV
negative formed the controls. The second phase was a cross-sectional study conducted
in the Primary Health Care clinics, Seobi-Dikgale, Sebayeng and Dikgale situated within
the Dikgale HDSS site. The study was approved by the MEDUNSA Research Ethics
Committee (MREC) (Appendix I and Appendix II), the Department of Health Provincial
office (Appendix III) and Capricorn district office (Appendix IV).

3.2 STUDY AREA
The study was conducted in Dikgale Health and Demographic Surveillance System
(HDSS) site, a rural area located in the Capricorn District, Limpopo Province. Dikgale
HDSS is situated 20-40km from University of Limpopo and about 70 kilometers to the
Northeast of Polokwane, the capital city of Limpopo Province. The site consists of 15
villages which have population of approximately 35000 people. Dwellings in Dikgale
HDSS are a mix of shacks, conventional brick houses and traditional mud huts. In addition
to Dikgale HDSS site, the following active Primary Health Care clinics, within Dikgale
HDSS site, Seobi-Dikgale, Sebayeng and Dikgale were included in the study.
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3.3 SAMPLE SIZE CALCULATION
Phase 1 of study
The sample size for Phase 1 was determined using the formular for difference in
proportions between cases and controls as given below:
2
r  1 ( p )(1  p )(Z   Z/2 )
n (
)
r
(p1  p2 ) 2

Where: n= sample size in the case group
r= ratio of controls to cases
𝑝̅ =mean proportion
Zβ = Required power normally 0.84 for 80%.
Zα/2 = Desired level of statistical significance, normally 1.96.
Therefore considering the prevalence of one of CVD risk factors such as
hypercholesterolemia in the general population to be 20% and the prevalence of
hypercholesterolemia in ARV naïve HIV infected people to be 6.9% (Carey et al., 2013),
the required sample size to show a difference between the cases and controls with a
power of 80%, 5% level of significance and a ratio of one ARV naïve HIV infected (case)
to two HIV negative (controls) people was calculated as:
Number of cases = 1.5

(0.1345)(0.8655)(7.84)
(0.131)2

= 80 cases
A 10% allowance was considered and the number of cases required was 88 cases. The
number of cases obtained from screening of population was 89 and all were included in
the study. The corresponding controls included in the analysis were 178 people.

Phase 2 of study
The sample size for Phase 2 was obtained using the formular for proportion in a crosssectional study as given below:
n=

𝑍 2 𝑃 (1−𝑃)
𝑑2

(Naing et al., 2006)
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Where:
n= sample size.
Z= a statistic for 95% confidence interval is 1.96.

𝑃= expected proportion.
d= the maximum permissible difference between sample proportion and population
proportion calculated as 20/100 x P (Naing et al., 2006).

According to literature the proportion of hypercholesterolemia in ARV treated ranges from
31.0 % to 36.0% (Muhammad et al., 2013, Edward et al., 2013, Carey et al., 2013).
Considering a proportion of 36%, and a corresponding maximum margin of error of 7%,
sample size was calculated as:
Sample size =
=

(1.96)2 0.36 (1−0.36)
(0.07)2
181 people

A 10% allowance was considered and the expected sample size was 200 people. A total
of 214 people participated in the study.

3.4 STUDY PHASE ONE
3.4.1 Study design and settings
This was a cross sectional study in which the treatment naïve HIV infected and the HIV
negative people were compared. The study utilised laboratory based methods for
producing quantitative data and a standardised STEP questionnaire for collection of data
on risk factors of CVD. The study was conducted in Dikgale Health and Demographic
Surveillance System (HDSS) site.

3.4.2 Study participants
The study participants from the project on “Prevention, Control and Management of
Chronic disease project in a rural population, South Africa” who tested HIV positive
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following pre-counselling and were not on ARV treatment according to a questionnaire
formed cases (89). The controls (178) matched for gender and age (± 2 years) were
randomly selected from those who tested negative for HIV.

Pregnant women were

excluded from the study. A sub-group of non-diabetic treatment naïve HIV infected
people (70) and corresponding age (± 2years) and gender matched controls (140) were
included in the 10-year CVD risk estimation.

Participants in original main study
(N=815)

HIV testing

HIV negative
N=726

Included in present study

Included in present study

HIV positive naïve to ART
(N=89)

HIV negative (N=178)
Age & gender matched to cases

Figure 3. 1: Sample Flow Chart

Written informed consent was obtained from all participants and guardians of minors
(<18years) prior to the study commencement (Appendix V). The study participants were
aged 15 years and above, both males and females.
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3.4.3 Experimental protocol
The study was conducted from August 2011 to February 2012. Data for the treatment
naïve HIV infected and HIV negative people was extracted from the main study database.
This included fruit and vegetable intake, physical activity and demographic data,
anthropometric measurements, blood pressure measurements and biochemical test
results.

3.5 STUDY PHASE TWO
3.5.1 Study design and settings
The study was cross sectional and utilised laboratory based methods for producing
quantitative data and standardised STEP questionnaire for collection of data on risk
factors of CVD. The study was conducted in the Dikgale HDSS site active Primary Health
Care clinics namely Seobi-Dikgale, Sebayeng and Dikgale.

3.5.2 Study participants
The study participants were recruited to participate in the study by health professional
nurses who had received prior information regarding the study (Appendix VI). At least 74
people with HIV infection are treated at Seobi-Dikgale clinic, while 373 people and 377
people with HIV infection are treated at Sebayeng and Dikgale clinics respectively. Based
on these databases, 20 people were recruited from Seobi-Dikgale, 96 people from
Sebayeng and 98 from Dikgale clinics. A total of 214 people on ART participated in the
study.
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Recruited participants on ART
(N=215)

Excluded due to pregnancy.
(N=1)

Included in the present study.
(N=214)

Figure 3. 2: Sample Flow Chart

Written informed consent was obtained from all participants and guardians of minors
(<18years) prior to the study commencement (Appendix V). The study participants were
aged 15 years and above, both males and females.
3.5.3 Experimental protocol
The study was conducted between November 2013 and April 2014. HIV infected people
on ART, received information regarding the study, from the healthcare professional
nurses. During one month all HIV infected people who came to collect their ART were
asked to participate in the study. Those willing to participate were advised on the
participation dates, and time (7:00am) at their clinic, a week in advance. Participants were
also advised to fast overnight in order to provide a fasting blood sample. On the scheduled
date, participants and guardians of minors (<18years) received information regarding the
study from the researcher (Appendix VI) and were requested to complete consent forms
(Appendix V). Consenting participants went through completion of questionnaire, blood
pressure measurements, anthropometric measurements and blood collection. Individual
results were sent back to the Primary Health Care clinic. Participants who could not come
on the scheduled date were visited in their homes on an arranged date and participated.
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3.6 INCLUSION AND EXCLUSION CRITERIA
HIV infected people on ART, ART naïve HIV infected people and HIV negative people
matched for gender and age were included in the study. Pregnant woman were excluded
from the study. Based on demographic information, (provided in patient information file)
people from urban areas attending the ARV clinics within Dikgale HDSS site were
excluded. People with diabetes mellitus were excluded from the analysis of lipoprotein
subclasses. In addition people who were less than 20 years old, had a history of
cardiovascular and diabetes were excluded from Framingham score estimation.

3.7 DATA COLLECTION
Uniform data collection instruments, blood collection procedures and laboratory testing
methods were used in both phase 1 and 2 of the study.

3.7.1 WHO STEP Questionnaire
Data on medical history, physical activity, fruit and vegetable intake, alcohol and tobacco
use was collected using the standardized WHO STEP questionnaire (WHO) (Appendix
VII). TB and HIV information was obtained using additional questionnaire (Appendix VIII).

3.7.2 Anthropometric measures and blood pressure
Weight was measured using Omron BF 400 (Omron Healthcare, Japan). Subjects were
required to take their shoes and heavy coats off. The weight was measured to the nearest
0.1 kg. Height was measured with a stadiometer. The subjects were requested to take
their shoes off and to stand in an upright position. The height was measured to the nearest
0.1cm. Height and weight were used to determine body mass index (BMI). BMI was
calculated as weight (kg)/ height (m2). BMI was considered as normal (18.50-24.99),
overweight (25.00-29.99) and obese (≥30.00) (WHO 1995).
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Waist and hip circumferences were measured using a measuring tape. Waist
circumference was measured around the area between the last rib and the hip bone,
while the hip circumference was measured around the widest part in the gluteal area.
Both parameters were measured to the nearest 0.1cm and were used to calculate the
waist to hip ratio.

Blood pressure was measured using the Omron M5-1 (Omron Healthcare, Japan).The
subjects were requested to relax for five minutes before the first measurement was taken
and were also restricted from talking during measurement procedure. Three
measurements were taken with few minutes break in between measurements. Pulse rate
for the corresponding blood pressure reading was also recorded. The mean of the last
two values were calculated for systolic blood pressure, diastolic blood pressure and pulse
rate. High blood pressure was defined as a systolic blood pressure (SBP) equal/or above
140mmHg and/or a diastolic blood pressure (DBP) equal/or above 90mmHg (Mancia et
al., 2013).

3.7.3 Blood collection
Fasting venous blood samples were drawn by registered nurses. Whole blood was used
to measure CD4 counts on the day of collection. Serum from clotted blood and plasma
from whole blood were separated through centrifugation at 2000rpm for 15minutes. HIV
status and glucose were analysed soon after centrifugation using plasma from an EDTA
and sodium fluoride tubes, respectively. The remaining samples were stored at -80oC
until analysis.

3.7.4 Laboratory Procedures
3.7.4.1 Biochemical parameters were analysed using standard biochemical methods
(Appendix IX).
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3.7.4.2. Determination of Lipoprotein subclasses in plasma
Lipoprotein

subclass

particle

sizes

and

proportions

were

determined

using

Polyacrylamide Gradient Gel Electrophoresis. The PAGGE method is not standard and
different studies have used gels of varying sizes, concentrations and conditions to
separate lipoproteins subclasses (Pascot et al., 2002, Fonda et al., 2003, Goedecke et
al., 2010, Rosenbaum et al., 2012). Therefore the estimated number of LDL and HDL
subfractions is method dependent. The current study used pre-cast gels of 4-16% and
used the running conditions as stated in manufacturer’s instructions.

The method is based on the electrophoretic mobility of lipoprotein subclasses which is a
function of macromolecular charge, size and shape. In the 4-16% Native PAGE Novex
Bis-Tris Gel System (Invitrogen, United States of America), lipoproteins of different sizes
are sieved by the acrylamide gel with uniform electric strength, and the mobility of
lipoproteins is inversely proportional to the size. In the Native PAGE Novex Bis-Tris Gel
(Invitrogen, United States of America), lipoproteins migrate from lower to the higher
concentration of a polyacrylamide gradient in a slab gel. As the gel pores decrease in
size, the migration rate of lipoproteins also decreases. The lipoproteins reach their
respective pore limits determined by their molecular sizes and form sharp bands.

Polyacrylamide Gradient Gel Electrophoresis (PAGGE) was performed using a
NativePAGE Novex 4-16% Bis-Tris gel, NativePAGE running buffer, NativePAGE sample
buffer (4X), NativePAGE standard according to the manufacturer instructions (Invitrogen,
United States of America). The gel was run on the X-Cell SureLock Mini Vertical cell
system (Invitrogen, United States of America). The NativePAGE standard was run parallel
to samples and internal serum control. The standard comprised of protein markers of
known diameters. These markers included IgM Pentamers (30nm) (Cheesbro et al.,
1968), apoferitin (13nm) (Henderson and McMullan 2013,), B-phycoerythrin (10.1nm)
(Grant 1969), lactate dehydrogenase (8.16nm) and bovine serum albumin (7.1nm)
(Rosenbaum et al., 2012), soybean trypsin inhibitor (3.5nm) (Sweet et al., 1974).
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Five microlitres of thawed serum and protein standard were each mixed with 2.5µl of
Native PAGE Sample Buffer (4X) and 2.5µl of distilled water. The running buffer was
prepared by mixing 50ml Native PAGE 20X running buffer with 950ml of distilled water.
Using a pair of scissors, the 10well 4-16% Native PAGE gel was removed from gel
cassette pouch. The tap at bottom of gel cassette and the comb were removed from gel
cassette. The gel wells were rinsed by filling wells with running buffer (1X Native PAGE),
inverting the gel and shaking the buffer out of the wells. The wells were rinsed twice and
all air bubbles were removed. The 4-16% Native PAGE gel was mounted onto the X-Cell
SureLock Mini Cell system. Ten microlitres protein standard and sample preparations
were loaded into respective gel wells using a 10-100 µl Thermo Scientific finnpipette and
gel loading tips. The wells were filled to the top with buffer. The gel was made to seat on
the bottom of the cassette facing inwards towards buffer core and was locked into place
using gel tension wedge. The upper (inner) buffer chamber was filled with ~200ml running
buffer and checked for tightness of seal. The buffer level had to exceed the level of the
wells. The lower (outer) buffer chamber was filled with ~600ml of running buffer. The (-)
and (+) electrodes were properly aligned and the lid pressed down to firmly close the MiniCell system. The electrode cords were connected to the power supply and the power was
turned on. The gel was run at 4oC with initial voltage of 150 V constant for 60 minutes,
then the voltage was increased to 250 V constant for 30 minutes. After electrophoresis,
the power was switched off and gel cassette removed from the mini cell system. The gel
was removed from gel cassette by breaking the bonds around cassette using gel knife.
The gel portion containing the protein standard bands was separated from the sample
containing gel portion by cutting the gel using the gel knife. The protein standard gel
portion was fixed using 100ml of fixing solution (40% methanol, 10% acetic acid) and
microwaving on high (950watts) for 45seconds. After microwaving, the gel was shaken
on orbital shaker for 15 minutes at room temperature. The fixing procedure was repeated
once. The fixing solution was decanted and the gel was stained overnight using
Coomassie G-250 stain. The sample gel portion from electrophoresis was immediately
placed in the Sudan black B staining solution (0.5g Sudan black B in 20ml acetone, 15ml
acetic acid and 85ml distilled water), and stained overnight. The protein standard gel
portion was destained in 8% acetic acid for 5 minutes on orbital shaker. The Sudan black
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B stained gel was destained in three changes of destain solution (15ml acetic acid, 20ml
acetone and 65ml distilled water). The two gel portions were placed side by side on
scanner and were scanned.

For quantification, the ImageScanner III (GE Healthcare, Sweden) was first calibrated
using the Step Tablet serial number 56112885 (GE Healthcare, Sweden). Scanning was
performed on ImageScanner III at 632nm using the Labscan 6.0 software comprising of
an IQTL (ImageQuant TL) converter (GE Healthcare, Sweden). The scanned images
were converted to an IQTL file and analysed by 1D IQTL software. The particle sizes were
derived from standard curve and particle proportions calculated as area under the curve
(AUC) using IQTL software.

The AUC for both small-HDL-p and large-HDL-p was

determined using the cut-off particle size of 8.7nm, while the AUC for large-LDL-p was
between 26-30nm while small-LDL-p was less than 26 nm. The inter-assay CV for the
four lipoprotein subclass proportion ranged between 4.9% -10.0 %, while the intra- assay
CV was from 0.78 %-7.3 %. A scanned gel image is shown in Figure 3.1.
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Figure 3.3: Image showing the bands for the LDL (large and small) and HDL (large and small) particles
on a 4-16% polyacrylamide gradient gel.
Lane 1: protein standard, Lane 2: empty, Lane 3: control serum; Lane 4-10 serum samples

3.8 RELIABILITY AND VALIDITY
In all the procedures listed above, normal and abnormal controls were run pararell to test
samples to ensure reliability of the results. The ILab 300, IMMAGE, and Access machines
were calibrated prior to sample analysis. An HIV kit included a positive control. The PIMA
analyser software checked the sample volume and expiry date of test catridges. The low
CD4 count and normal CD4 count catridges were used as controls. The image scanner
III for quantification of lipoprotein subclasses was calibrated using the Step Tablet serial
number 56112885 (GE Healthcare, Sweden). The protein standards with diameter size
ranging from 3.5nm to 30nm were ran pararell to samples on the Native PAGE gel to
ensure that separation of lipoprotein subclasses occurs and for determination of diameter
size of lipoprotein subclasses.

88

The intra-assay coefficient of variation (CV) was obtained by measuring one sample three
times in one run, while the inter-assay CV was obtained by measuring one sample three
times on separate runs. Coefficient of variation is calculated as follows:
CV = SD x 100 / mean – where SD is standard deviation.

A CV of less than 10% is acceptable. Intra and inter assay CVs are presented in Table
3.1.

Table 3. 1: Coefficient of variation (CV) intra and inter assays
Variables

Intra-assay CV (%)

Inter-assay CV (%)

TC

1.9

4.0

HDL-C

1.6

2.8

TG

1.3

2.9

ApoB

0.7

0.8

ApoA

1.1

3.1

HsCRP

1.1

4.9

Glucose

0.2

0.6

Lp (a)

2.0

3.4

CD4 count

0.4

1.3

Lipoprotein subclasses

0.78-7.3

4.9-10.0

TC total cholesterol, HDL-C high density lipoprotein cholesterol, TG triglycerides, Apo apolipoprotein,
HsCRP high sensitivity C-reactive protein, Lp (a) lipoprotein (a)
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Interpretation of variable values was based on the reference ranges given in Table 3.2.

Table 3. 2: Reference ranges (RR) for variables
Variables

Below RR

Normal RR

SBP (mmHg)

< 140

DBP (mmHg)

< 90

WC (cm)

females ≤ 88

Above RR

males ≤ 102
BMI (kg/m2)

≤ 18.49

TC (mmol/l)
HDL-C (mmol/l)

18.50 – 24.99

≥ 25

<5

≥5

females ≤ 1.3

females >1.3

Males ≤ 1.1

males > 1.1

LDL-C (mmol/l)

<3

≥3

TG (mmol/l)

< 1.7

≥ 1.7

TC/HDL-C

<5

≥5

TG/HDL-C

<1.49

≥1.49

Apo A (mg/dl)

females 107-214
males

ApoB (mg/dl)

90-170

females <51

females 51-171

females >171

males < 56

males

males >162

56-162

ApoB/ApoA

< 0.68

≥ 0.68

Lp(a) (mg/dl)

< 30

≥ 30

Glucose (mmol/l)

< 7.0

≥7

HsCRP (mg/l)

<3

≥3

500-1000

>1000

CD4 count

(cells/mm3)

< 500

SBP systolic blood pressure, DBP diastolic blood pressure, WC waist circumference, BMI body mass index,
TC total cholesterol, HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol,
TG triglycerides, Apo A apolipoprotein A, Apo B apolipoprotein B, Lp(a) lipoprotein (a), hsCRP high
sensitivity CRP,

3.9 STATISTICAL ANALYSIS
Statistical analysis was performed with Statistical Package for Social Science version 22
software. Data set was checked for incorrectly entered values and outliers by sorting each
variable values in ascending order. Variables were tested for normality using frequency
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histograms and line graphs. Data not normally distributed was logarithmically transformed
for analysis.
The Chi-squared test was used for categorical variables. Data was presented in crosstabs as percentages. Comparison of anthropometric measurements and biochemical
parameters was performed using the independent Student t-test. Normally distributed
data is presented as mean ± standard deviation, while data not normally distributed is
presented as median [interquartile range].

Bivariate correlation was used to determine associations of HIV markers (CD4 count and
viral load) with factors associated with cardiovascular disease. Data is presented as
correlation coefficient (r) and p-value.
Univariate logistic regression analysis was used to determine possible candidate
predictors of CVD risk factors (categorical risk factors). Covariates that were significant
at p≤0.25 (Soboka et al., 2014) in univariate models were considered as candidates for
inclusion in the 1st multivariate model. Two way interactions that were significant at p≤0.05
were included in the 1st multivariate model. Covariates that were significant at p≤ 0.25
and interactions that were significant at p≤0.05 from 1st model were included in the 2nd
model. Covariates that were significant at p≤0.25 in the 2 nd model were included in the
3rd model. The model with the highest classification was chosen to explain the association
of variables with the outcome variable.
Univariate linear regression analysis was used to determine possible candidate predictors
of CVD risk factors (continuous risk factors). Covariates that were significant at p≤0.25
(Soboka et al., 2014) in univariate models were considered as candidates for inclusion in
the multivariate linear backward modelling. The first and the last models are reported.
The level of significance for statistical analysis was set at p value less than 0.05.

Framingham 10-year CVD risk estimation was calculated for each participant over the
age of 20 years having no heart disease or diabetes, by entering the following variables:
age, gender, TC, HDL-C, SBP, smoking status and current treatment for high blood
pressure, as required by the Framingham risk model tool (NIH 2013). Participants were
regarded as low risk, moderate risk, or high risk when the risk score for developing CVD
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in 10 years was <10%, 10-20% or >20% respectively (Reinsch et al., 2011). Variables
included in the 5-year DAD risk estimation tool were age, sex, SBP, TC, HDL-C, diabetes
mellitus, smoking status, family history of CVD, current use of abacavir, indinavir, or
lopinavir and duration on indinavir and lopinavir [HIVPV 2007]. The risk of developing
coronary heart disease in the next 5-years was regarded as low (<1%), moderate (1 to
5%), high (5 to 10%), or very high (>10%) [Friis-Møller 2010]. The level of agreement
between DAD and Framingham risk equations was determined using Cohen’s Kappa
coefficient with 95% CI. For comparison with Framingham, participants with high and very
high scores according to the DAD equation were combined and considered as high risk
group. Kappa coeffient was interpreted as poor agreement (<0), slight agreement (0.00.20), fair agreement (0.21-0.40), moderate agreement (0.41-0.60), substantial
agreement (0.61-0.80) and perfect agreement (0.81-1.00) [Landis and Koch 1977].
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CHAPTER 4
RESULTS
4.1. INTRODUCTION
This chapter is divided into three sections as follows:

An overview of descriptive data and CVD risk factors among the HIV negative, ART naïve
HIV positive and HIV positive participants on ART .

Results from Phase 1 of the study.
In this section, results of socio-demographic data, anthropometric measurements,
biochemical parameters and cardiovascular risk factors in ARV naïve HIV infected
participants are presented. In addition the 10-year CVD risk was estimated in 54 ARV
naïve HIV infected participants who fulfilled the Framingham criteria. Results for age and
gender matched HIV negative controls are included. Data is presented as numbers
(percentages), normally distributed data is presented as mean ± standard deviation, and
not normally distributed is presented as median (interquartile range).

Results from Phase 2 of the study.
This section presents results of socio-demographic data, anthropometric measurements,
biochemical parameters and cardiovascular risk factors in ARV treated HIV infected
participants. In addition the 10-year CVD risk was estimated in 164 ARV treated HIV
infected participants who fulfilled the Framingham criteria. Data is presented as numbers
(percentages), normally distributed data is presented as mean ± standard deviation, and
not normally distributed is presented as median (interquartile range).
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4.2 OVERVIEW OF STUDY RESULTS
An overview of characteristics for HIV negative, ART naïve and ART HIV infected
participants is presented is presented in Table 4.1.

Table 4. 1: Characteristics of study participants from the Phase 1 and Phase 2 of the
study
Variables

49.7±16.6

ART naïve HIV
infected
participants
N= 89
49.7±16.8

ART HIV
infected
participants
N= 214
44.8±11.8

Not married

87 (48.9)

51 (57.3)

164 (76.6)

Married

91 (51.1)

38 (42.7)

50 (23.4)

Primary

119 (66.9)

55 (61.8)

114 (53.3)

Secondary

49 (27.5)

33 (37.1)

98 (45.8)

University

10 (5.6)

1 (1.1)

2 (0.9)

Unemployed

129 (72.5)

68 (76.4)

149 (69.6)

Retired

30 (16.9)

11 (12.4)

17 (7.9)

Employed

19 (10.6)

10 (11.2)

48 (22.4)

No

151 (84.8)

73 (82.0)

169 (79.0)

Yes

27 (15.2)

16 (18.0)

45 (21.0)

No

143 (80.3)

63 (70.8)

167 (78.0)

Yes

35 (19.7)

26 (29.2)

47 (22.0)

Normal≥ 600MET-min

44 (24.7)

23 (25.8)

119 (75.8)

Low <600MET-min

134 (75.3)

66 (74.2)

38 (24.2)

≥ 5 servings/day

33 (18.5)

14 (15.7)

7 (4.5)

75 (84.3)

150 (95.5)

Mean age (years±SD)

Marital status n (%)

Education level n (%)

Work status n (%)

Tobacco use n (%)

Alcohol use n (%)

Physical activity (%)

HIV Negative
participants
N=178

Fruit & Vegetable
< 5 servings/day
145 (81.5)
intake (%)
ARV antiretroviral, MET-min metabolic equivalent of task-minutes

In the present study, people on ART were younger than the ART naïve HIV infected
people (44.8±11.8 vs 49.7±16.8 years). The socio-demographic factors were similar
among the HIV negative people, ART naïve HIV infected people and those on ART.
However, the prevalence of HIV negative and ART naïve HIV infected married people
was nearly double that of people on ART. The prevalence of employed people was twice
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as high in those on ART as in ART naïve HIV infected and in uninfected people. The
prevalence of physically active people was three times higher in people on ART than in
ART naïve HIV infected and in uninfected people (Table 4.1).
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An overview of CVD risk factors in HIV negative, ART naïve and ART HIV infected participants is presented in Figure 4.1.
HIV negative

ARV naïve HIV positive

ARV treated HIV positive
95.5

100

84.3
81.5

90
75.3
74.2

% Participants

80
70

62.4

60
45.5
42.7

50
35.4

40
29.2

30
20
10

41.6 43.8

21.1 19.7 22.1
18
15.2

27 27
12.7

24.1
23.9

45.4
3738.3

38.2
33.2

26.2

24.723.3
13.5
13.5

17.4

18.8
16.8
13.5
10.2

24.2
19.1
17.4

9.6

4.7

0

CVD Risk factors

Figure 4. 1: CVD risk factors for HIV negative, ART naïve and ART HIV infected participants
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An overview of Lipoprotein subclasses in HIV negative, ART naïve and ART HIV infected participants is presented in Figure
4.2.

90

81.3 79.9 82.4

Mean proportion of particles

80
70

62.9
59.3

60

57.3

50
40.7

HIV negative people

42.7
37.1

40

ARV naïve people
ARV treated people

30
18.7 20.1 17.2

20
10
0
Large HDL-p

Small HDL-p
Large LDL-p
Lipoprotein subclasses

Small LDL-p

Figure 4. 2: The distribution of lipoprotein subclasses in HIV negative, ART naïve HIV infected and ART treated HIV infected people
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The prevalence of tobacco and alcohol use, hypertriglyceridaemia, a high TC/HDL-C
ratio, a high ApoB/ApoA ratio and low fruit and vegetable intake was similar among HIV
negative people, ART naïve HIV infected people and people on ART. The prevalence of
low HDL-C concentration and hypercholesterolaemia was similar between HIV negative
people and people on ART, while the prevalence of low HDL-C concentration was higher
and hypercholesterolaemia was lower in ART naïve HIV infected people compared to the
other two groups. The prevalence of obesity, abdominal obesity, hypertension, metabolic
syndrome and physical inactivity was higher in both ART naïve HIV infected and
uninfected people compared to those on ART (Figure 4.1).
The proportion of large and small LDL and HDL particles was similar in HIV negative and
in people on ART. ART naïve HIV infected people had a lower proportion of the large LDL
and HDL particles and had a higher proportion of the small LDL and HDL particles
compared to both HIV negative and those on ART (Figure 4.2).

4.3 PHASE 1 RESULTS

4.3.1 Socio-demographic data
Socio-demographic characteristics of ART naïve HIV infected and HIV negative
participants are presented in Table 4.2.
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Table 4. 2: Socio-demographic characteristics in ART naïve HIV infected and HIV negative participants by gender
Variables

HIV Negative
participants
N=178

ART naïve
HIV infected
participants
N= 89

Mean age (years ± SD)

49.7 ± 16.6

Marital
status
n (%)

Not married
Married

Education
level
n (%)
Work
status
n (%)
Tobacco
use n
(%)
Alcohol
use
n (%)
Physical
Activity
n (%)
Fruit &
Vegetable
n (%)

Females

Males

P-value

HIV Negative
N=126

ART naïve HIV
infected N=63

p-value

HIV Negative
N=52

49.7 ± 16.8

0.98

47.7±15.5

47.6 ± 15.6

0.96

87(48.9)
91 (51.1)

51 (57.3)
38 (42.7)

0.24

60 (47.6)
66 (52.4)

40 (63.5)
23 (36.5)

0.045

Primary
Secondary
University
Unemployed
Retired
Employed

118 (66.3)
49 (27.5)
11(6.2)
128(71.9)
29(16.3)
21(11.8)

55 (61.8)
32 (36.0)
2 (2.2)
67(75.3)
11(12.4)
11(12.3)

80 (63.4)
39 (31)
7 (5.6)
95 (75.4)
19 (15.1)
12 (9.5)

37 (58.7)
26 (41.3)
0 (0)
50 (79.4)
6 (9.5)
7 (11.1)

No
Yes

151(84.8)
27(15.2)

73(82.0)
16(18.0)

0.60

116 (92.1)
10 (7.9)

55 (87.3)
8 (12.7)

No
Yes

143(80.3)
35(19.7)

63(70.8)
26(29.2)

0.09

111 (88.1)
15 (11.9)

47 (74.6)
16 (25.4)

>600 METmin
Low <600
MET-min
> 5 servings
/day
< 5 servings
/day

44 (24.7)

23 (25.8)

28 (22.2)

14 (22.2)

0.94

0.76

0.88
134 (75.3)

66 (74.2)

33 (18.5)

14 (15.7)
75 (84.3)

pvalue
0.91

27 (51.9)
25 (48.1)

11 (42.3)
15 (57.7)

0.48

38 (73.1)
10 (19.2)
4 (7.7)
33 (63.5)
10 (19.2)
9 (17.3)

18 (69.2)
6 (23.1)
2 (7.7)
17 (65.4)
5 (19.2)
4 (15.4)

0.30

35 (67.3)
17 (32.7)*

18 (69.2)
8 (30.8) #

1.00

0.02

32 (61.5)
20 (38.5) *

16 (61.5)
10 (38.5)

1.00

16 (30.8)

9 (34.6)

36 (69.2)

17 (65.4)

13 (25.0)

6 (23.1)

39 (75.0)

20 (76.9)

0.93

0.81

1.00
98 (77.8)

49 (77.8)

20 (15.9)

8 (12.7)

0.61
145 (81.5)

54.5 ± 18.3

ART naïve
HIV infected
N=26
55.0 ±18.8

0.80

0.84

0.80

0.67
106 (84.1)

55 (87.3)

1.00

*p-value<0.05 vs HIV negative females (N=126), #p-value <0.05 vs ARV naïve HIV infected females. Data is presented as number (percentage), HIV
human immunodeficiency virus, ART antiretroviral therapy, MET-min metabolic equivalent of task-minute.
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The prevalence of socio-demographic factors such as tobacco use, alcohol consumption,
physical inactivity, low fruit and vegetable intake, being unmarried, primary education and
unemployment were similar in HIV negative and ART naïve HIV infected participants.
Similarly, no difference in socio-demographic factors was observed between HIV negative
and ART naïve HIV infected males. However, in contrast a significantly higher proportion
of ART naïve HIV infected than HIV negative females were unmarried (63.5% vs 47.6%,
p=0.045) and consumed alcohol (25.4% vs 11.9%, p=0.02).

Of the 89 ART naïve HIV infected participants, 26 (29.2%) were males and 63 (70.8%)
were females. The mean age of ART naïve HIV infected participants was 49.7±16.8
years. More than half of the ART naïve HIV infected participants (57.3%) were not married
and 40 (78.4%) were females. Further analysis of HIV infection and marital status,
showed a similar proportion of married and unmarried males with HIV infection, while a
higher proportion of unmarried than married (63.5% vs 36.5%, p=0.045) females was
infected with HIV. The majority of ART naïve HIV infected participants had only primary
education (61.8%) and were unemployed (75.3%). Among the ART naïve HIV infected
participants, 18.0% used tobacco and 29.2% consumed alcohol. When stratified by
gender, tobacco use was higher in ART naïve HIV infected males than in ART naïve HIV
infected females (30.8% vs 12.7%, p<0.05). The proportions of ART naïve HIV infected
males and females who were physically inactive, had low fruit and vegetable intake and
consumed alcohol were similar.

In the HIV negative control group, 48.9 % of participants were not married. Most of the
participants had only primary education (66.9%) and were unemployed (71.9%). The
prevalence of tobacco use was 15.2% and alcohol consumption was 19.7%. When HIV
negative males and females were considered separately, the proportions of HIV negative
males and females who were physically inactive, had low fruit and vegetable intake,
consumed alcohol, unemployed, uneducated, and not married were similar. Tobacco use
(32.7% vs 7.9%, p=0.001) and alcohol consumption (38.5% vs 11.9%, p=0.001) were
higher in males than in females.
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4.3.2 Anthropometric measurements and blood pressure.

A comparison of anthropometric measurements in HIV negative and ART naïve HIV infected people by gender is presented
in Table 4.3.
Table 4. 3: Anthropometric measurements among ART naive HIV infected and HIV negative participants by gender
All Participants
HIV negative

ART naïve HIV

N=178

infected

Females
P-value

HIV negative

ART naïve HIV

N=126

infected

N=89

Males
P-value

HIV negative

ART naïve

N=52

HIV infected

N=63

P-value

N=26

SBP (mmHg)

129.5 ± 21.6

128.2 ± 24.8

0.68

126.8 ± 20.9

127.5 ± 24.3

0.83

136.0 ± 22.1#

129.8 ± 26.4

0.31

DBP (mmHg)

81.8 ± 12.3

81.2 ± 15.8

0.72

81.3 ± 12.5

81.6 ± 16.8

0.91

83.1 ± 11.7

80.0 ± 13.2

0.33

Weight (kg)

68.3 ± 15.7

69.2 ± 17.9

0.70

69.1 ± 15.8

70.6 ± 19.9

0.62

66.4 ± 15.3

65.9 ± 11.0

0.86

Height (cm)

1.60 ± 0.09

1.62 ±0. 09

0.07

1.58 ± 0.08

1.60 ± 0.08

0.10

1.66 ± 0.09

1.68 ± 0.09

0.29

80.9 ± 10.7*

0.64

13.5#

WC (cm)

88.1 ± 14.4

85.4 ± 16.5

0.20

90.0 ± 14.3

87.3 ± 18.1

0.29

83.5 ±

HC (cm)

102.3 ± 14.4

100.7 ± 13.6

0.40

105.8 ±14.1

102.1 ± 15.2

0.11

93.8 ± 11.4

97.3 ± 7.4

0.11

WHR

0.87 ± 0.12

0.84 ± 0.09

0.03

0.85 ± 0.11

0.84 ± 0.09

0.36

0.90 ± 0.15

0.83 ± 0.08

0.02

BMI(kg/m2)

26.2 ± 6.5

25.9 ± 7.3

0.71

27.2 ± 6.7

27.0 ± 7.7

0.84

23.7 ±5.4#

23.1 ± 5.2*

0.38

*p-value < 0.05 vs ARV naïve HIV positive females (N=63), # p<0.05 vs HIV negative females (N=126), mean ± standard deviation, HIV human
immunodeficiency virus, ART antiretroviral therapy, WC waist circumference, HC hip circumference, WHR waist hip ratio, SBP systolic blood
pressure, DBP diastolic blood pressure.
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There was no significant difference in mean systolic and diastolic blood pressure, WC,
and BMI between ART naïve HIV infected and HIV negative participants, but the WHR
was higher (p<0.05) in HIV negative (0.87±0.12) than in ART naïve HIV infected
participants (0.84 ± 0.09), and remained significantly higher in HIV negative than in ART
naïve HIV infected males (Table 4.3).

ART naïve HIV infected males and females had similar mean systolic and diastolic blood
pressure. ART naïve HIV infected males had lower body mass index (23.1±5.2 vs
27.0±7.7, p<0.05) and waist circumference (80.9±10.7 vs 87.3±18.1, p<0.05) than ART
naïve HIV infected females (Table 4.3).

The mean systolic blood pressure was significantly higher in HIV negative males than in
females (136.0±22.1 vs 126.8±20.9, p<0.01), while the mean BMI (23.7±5.4 vs 27.2±6.7,
p< 0.05) and waist circumference (83.5±13.5 vs 90.0±14.3, p<0.05) was lower in HIV
negative males than in females (Table 4.3).
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4.3.3 Biochemical parameters
Table 4. 4: Biochemical parameters in ART naïve HIV infected people by gender
ART naïve HIV infected
females. N=63
4.27 ± 1.35

ART naïve HIV infected
males. N=26
3.92 ± 1.02

p-value

TC (mmol/l)

AII ART naïve HIV infected
Participants. N=89
4.16 ± 1.27

HDL-C (mmol/l)

1.17 ± 0.44

1.21 ± 0.46

1.07 ± 0.36

0.15

LDL-C (mmol/l)

2.37 ± 1.10

2.47 ± 1.13

2.15 ± 1.03

0.21

TG (mmol/l)

1.12 [0.78-1.67]

1.15 [0.78-1.52]

1.02 [0.74-2.15]

0.54

TC/HDL-C

3.84 ± 1.34

3.76 ± 1.19

4.02 ± 1.64

0.46

TG/HDL-C

1.06 [0.62-1.62]

1.04 [0.62-1.56]

1.20 [0.82-2.15]

0.26

Apo A (mg/dl)

133.4 ± 33.4

138.5 ± 35.2

121.9 ± 25.8

0.02

Apo B (mg/dl)

83.9 ± 24.3

86.3 ± 23.0

78.8 ± 26.7

0.22

ApoB/ApoA

0.67 ± 0.26

0.66 ± 0.26

0.67 ± 0.27

0.87

Lp(a) mg/dl)

27.80 [13.70-54.50]

31.30 [14.53 – 61.03]

19.70 [11.95 – 37.25]

0.17

Glucose (mmol/l)

5.23 ± 1.63

5.11 ± 1.38

5.51 ± 2.13

0.39

hsCRP (mg/l)

1.87 [0.68-5.64]

1.58 [0.61-5.23]

3.79 [0.93-10.03]

0.07

Large LDL-p (%)

79.9 ± 5.4

79.6 ± 5.5

80.4 ± 5.0

0.53

Small LDL-p (%)

20.1 ± 5.4

20.4 ± 5.5

19.6 ± 5.1

0.52

Large HDL-p (%)

57.3 ± 15.5

58.9 ± 14.5

53.5 ± 17.3

0.17

Small HDL-p (%)

42.7 ± 15.5

41.1 ± 14.5

46.5 ± 17.3

0.17

397 ± 192

406 ± 184

365 ± 227

0.59

3536 [50-18860]

2314 [50-14779]

6728 [818-54878]

0.07

CD4 count

(cells/mm 3)

Viral load (copies/ ml)

0.19

Data expressed as mean ± standard deviation, median [interquartile range]. N total number of participants, HIV human immunodeficiency virus, ART
antiretroviral therapy, SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, HDL-C high density lipoprotein cholesterol, LDL-C
low density lipoprotein cholesterol, TG triglycerides, Apo A apolipoprotein A, Apo B apolipoprotein B, Lp (a) lipoprotein (a), hsCRP high sensitivity Creactive protein, LDL-p low density lipoprotein particle, HDL-p high density lipoprotein particle.
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The biochemical parameters of ART naïve HIV infected participants stratified by gender
are presented in Table 4.4.

Except for the mean value of apolipoprotein A that was significantly higher in females
than in males, all the other parameters were similar in ART naïve HIV infected males and
females (Table 4.4).
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Table 4. 5: Biochemical parameters in HIV negative and ART naïve HIV infected participants by gender
All Participants

Females

Males

HIV negative

ART naïve HIV

P-

HIV negative

ART naïve HIV

P-

HIV negative

ART naïve HIV

P-

N=178

infected. N=89

value

N=126

infected. N=63

value

N=52

infected. N=26

value

Age (years)

49.7 ± 16.6

49.7 ± 16.8

0.98

47.7 ± 15.5

47.6 ± 15.6

0.96

54.5 ± 18.3

55.0 ±18.8

0.91

TC (mmol/l)

4.75 ± 1.15

4.16 ± 1.27

0.001

4.75 ± 1.21

4.27 ± 1.35

0.02

4.74 ± 1.00

3.92 ± 1.02

0.001

HDL-C (mmol/l)

1.37 ± 0.35

1.17 ± 0.44

0.001

1.36 ± 0.36

1.21 ± 0.46

0.03

1.39 ± 0.33

1.07 ± 0.36

0.001

LDL-C (mmol/l)

2.76 ± 0.95

2.37 ± 1.10

0.01

2.78 ± 0.99

2.47 ± 1.12

0.07

2.69 ± 0.85

2.15 ± 1.03

0.03

TG (mmol/l)

1.18 [0.83-1.70]

1.12 [0.78-1.67]

0.88

1.14 [0.79-1.70]

1.15[0.78-1.52]

0.98

1.29[0.88-1.74]

1.03[0.74-2.15]

0.75

TC/HDL-C

3.61 ± 0.99

3.84 ± 1.34

0.17

3.63 ± 1.00

3.76 ± 1.19

0.48

3.56 ± 0.99

4.02 ± 1.64

0.20

TG/HDL-C

0.91 [0.56-1.46]

1.06 [0.62-1.62]

0.04

0.95 [0.54-1.46]

1.04 [0.62-1.56]

0.13

0.87 [0.61-1.47]

1.20 [0.82-2.15]

0.16

Apo A (mg/dl)

150.5 ± 32.0

133.4 ± 33.4

0.001

149.3 ± 31.4

138.4 ± 35.2

0.047

153.4 ± 33.3

121.8 ± 25.8

0.001

Apo B (mg/dl)

89.0 ± 27.9

83.9 ± 24.3

0.14

90.3 ± 28.5

86.3 ± 22.9

0.31

85.8 ± 26.3

78.8 ± 26.7

0.28

Apo B/ Apo A

0.61 ± 0.22

0.67 ± 0.26

0.12

0.63 ± 0.22

0.66 ± 0.26

0.35

0.59 ± 0.22

0.67 ± 0.27

0.16

Lp (a) (mg/dl)

37.2[19.3-79.6]

27.8[13.7-54.5]

0.002

39.6[20.0-81.1]

31.3[14.5-61.0]

0.037

32.2[18.8-74.5]

19.7[12.0-37.3]

0.029

hsCRP (mg/l)

2.24 [0.87-5.85]

1.87 [0.68-5.64]

0.90

2.81[0.88-6.99]

1.58[0.61-5.23]

0.14

1.85[0.87-3.17]

3.79[0.93-10.03]

0.047

Glucose (mmol/l)

5.79 ± 2.78

5.23 ± 1.63

0.04

6.00 ± 3.22

5.11 ± 1.38

0.01

5.29 ± 0.93

5.51 ± 2.13

0.62

Large LDL-p (%)

81.3 ± 4.7

79.9 ± 5.4

0.048

81.2 ± 4.9

79.6 ± 5.5

0.05

81.4 ± 4.3

80.4 ± 5.0

0.41

Small LDL-p (%)

18.7 ± 4.7

20.1 ± 5.4

0.04

18.8 ± 4.9

20.4 ± 5.5

0.05

18.6 ± 4.3

19.6 ± 5.1

0.43

Large HDL-p (%)

59.3 ± 17.2

57.3 ± 15.5

0.34

58.5 ± 17.0

58.9 ± 14.5

0.86

61.5 ± 17.5

53.5 ± 17.3

0.07

Small HDL-p (%)

40.7 ± 17.2

42.7 ± 15.5

0.34

41.5 ± 17.0

41.1 ± 14.5

0.86

38.5 ± 17.5

46.5 ± 17.3

0.07

Data expressed as mean ± standard deviation, median [interquartile range]. N total number of participants, HIV human immunodeficiency virus, ART antiretroviral
therapy, SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein
cholesterol, TG triglycerides, Apo A apolipoprotein A, Apo B apolipoprotein B, Lp (a) lipoprotein (a), hsCRP high sensitivity C-reactive protein, LDL-p low density
lipoprotein particle, HDL-p high density lipoprotein particle.
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Comparison of biochemical parameters between HIV negative and ART naïve HIV
infected participants, by gender is presented in Table 4.5.

Mean concentrations of TC (p=0.001), LDL-C (p=0.01), HDL-C (p=0.001), Apo A
(p=0.001), Lp (a) (p=0.002) and glucose (p=0.04) were lower in ART naïve HIV infected
than in HIV negative participants, while the ratio of TG/HDL-C (p=0.04) was higher in ART
naïve HIV infected than in HIV negative participants . The proportion of large LDLparticles was lower (p=0.048) and the proportion of small LDL-particles was higher
(p=0.04) in ART naïve HIV infected than in HIV negative participants. The proportion of
HDL-particles was not significantly different in ART naïve HIV infected and HIV negative
participants (Table 4.5).

ART naïve HIV infected females had lower concentrations of TC, (p=0.02), HDL-C
(p=0.03), Apo A (p=0.047), Lp (a) (p=0.037) and glucose (p=0.01) than HIV negative
females. The percentage of small LDL-particles (LDL-p) was marginally higher in ART
naïve HIV infected females than in HIV negative females (p=0.05), while the large LDL,
large and small HDL-particles were similar in the two groups.

Lower concentrations of TC (p=0.001), LDL-C (0.03), Apo A (0.001), Lp (a) (p=0.029) and
HDL-C (p=0.001) were present in ART naïve HIV infected males than in HIV negative
males. ART naïve HIV infected males had higher median concentration of high sensitivity
CRP than HIV negative males (p=0.047). The percentages of large and small LDL and
HDL particles was similar in ART naïve HIV infected males and HIV negative males (Table
4.5).
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4.3.4 Prevalence of cardiovascular risk factors
Table 4. 6: Prevalence (%) of CVD risk factors in ART naïve HIV infected participants by gender
AII ART naïve HIV infected

ART naïve HIV infected

ART naïve HIV infected

p-value

Participants

females.

males.

N=89

N=63

N=26

n (%)

n (%)

n (%)

Tobacco use

16 (18.0)

8 (12.7)

8 (30.8)

0.045

Alcohol consumption

26 (29.2)

16 (25.4)

10 (38.5)

0.31

Obesity

24 (27.0)

21 (33.3)

3 (11.5)

0.04

Abdominal obesity

21 (24.1)

19 (30.6)

2 (8.0)

0.02

Hypertension

38 (42.7)

28 (44.4)

10 (38.5)

0.65

Diabetes

12 (13.5)

7 (11.1)

5 (19.2)

0.32

Low HDL-C

53 (62.4)

39 (66.1)

14 (53.8)

0.34

Hypercholesterolemia

15 (17.4)

12 (20.0)

3 (11.5)

0.54

Hypertriglyceridaemia

20 (23.3)

11 (18.3)

9 (34.6)

0.16

High TC/HDL-C

16 (18.0)

9 (15.3)

7 (26.9)

0.24

High TG/HDL-C

23 (27.1)

15 (25.4)

8 (30.8)

0.61

High ApoB/ApoA

31 (38.3)

20 (36.4)

11 (42.3)

0.63

Metabolic Syndrome

17 (19.1)

13 (20.6)

4 (15.4)

0.77

ART antiretroviral therapy, HIV human immunodeficiency virus, CVD cardiovascular disease, ApoB apolipoprotein B, apo A apolipoprotein A,
TC total cholesterol, HDL-C high density lipoprotein cholesterol. Diabetes – glucose > 7mmol/l and/or history of diabetes, hypertension- systolic
blood pressure >140 and/or diastolic blood pressure >90 or history of high blood pressure, abdominal obesity- waist circumference - > 80cm
for females and > 94 cm for males, obesity- body mass index ≥ 30 kg/m 2 , low HDL- ≤1.3 for females and ≤1.1 for males, hypercholesterolemiaTC ≥5mmol/l, hypertriglyceridemia- TG≥ 1.7mmol/l, high TC/HDL-C >5, high ApoB/ApoA >0.68, high TG/HDL ≥1.49, Met Syndrome -any 3
from abdominal obesity high TG, low HDL cholesterol, high blood pressure and raised fasting plasma glucose.
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The prevalence of cardiovascular risk factors in ART naïve HIV infected participants
stratified by gender is given in Table 4. 6.

The most common cardiovascular risk factors among the ART naïve HIV infected
participants were hypertension (42.7%), low HDL-C (62.4%) and a high ratio of
ApoB/ApoA (38.3%).

A significantly higher proportion of ART naïve HIV infected males (30.8%) than females
(12.7%) used tobacco. Obesity (33.3% vs 11.5%, p=0.04) and abdominal obesity (30.6%
vs 8.0%, p=0.02) were more common in ART naïve HIV infected females than in males.
The prevalence of alcohol consumption, diabetes, hypertension, low HDL-C,
hypercholesterolaemia, hypertriglyceridaemia, metabolic syndrome, high TC/HDL-C,
TG/HDL-C and ApoB/ApoA ratios was similar in ART naïve HIV infected males and
females (Table 4.6).
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Table 4. 7: Comparison of the prevalence (%) of CVD risk factors between HIV negative and ART naïve HIV infected participants,
by gender.
All Participants
naïve

Females

Males

P-

HIV negative

ART naïve HIV

P-

HIV negative

ART naïve HIV

P-

value

N=126

infected

value

N=52

infected

value

HIV

ART

negative

HIV infected

N=178

N=89

Tobacco use

27 (15.2)

16 (18.0)

0.60

10 (7.9)

8 (12.7)

0.30

17 (32.7)

8 (30.8)

1.00

Alcohol

35 (19.7)

26 (29.2)

0.09

15 (11.9)

16 (25.4)

0.02

20 (38.5)

10 (38.5)

1.00

Obesity

48 (27.0)

24 (27.0)

1.00

41 (32.5)

21 (33.3)

1.00

7 (13.5)

3 (11.5)

1.00

Abdominal obesity

63 (35.4)

21 (24.1)

0.07

52 (41.3)

19 (30.6)

0.20

11 (21.2)

2 (8.0)

0.20

Hypertension

81 (45.5)

38 (42.7)

0.70

52(41.3)

28 (44.4)

0.76

29 (55.8)

10 (38.5)

0.23

Diabetes

24 (13.5)

12 (13.5)

1.00

18 (14.3)

7 (11.1)

0.65

6 (11.5)

5 (19.2)

0.49

Low HDL

74 (41.6)

53 (62.4)

0.001

64 (50.8)

39 (66.1)

0.06

10 (19.2)

14 (53.8)

0.001

Hypercholesterolemia

68 (38.2)

15 (17.4)

0.001

46 (36.5)

12 (20.0)

0.03

22 (42.3)

3 (11.5)

0.01

Hypertriglyceridaemia

44 (24.7)

20 (23.3)

0.88

31 (24.6)

11 (18.3)

0.45

13 (25.0)

9 (34.6)

0.43

TC/HDL (≥5)

18 (10.2)

16 (18.0)

0.08

13 (10.4)

9 (15.3)

0.34

5 (9.6)

7 (26.9)

0.09

High TG/HDL (≥1.49)

42(23.7)

23 (27.1)

0.65

29 (23.2)

15 (25.4)

0.85

13 (25.0)

8 (30.8)

0.60

ApoB/ApoA (≥ 0.68)

64 (37.0)

31 (38.3)

0.89

46 (37.4)

20 (36.4)

1.00

18 (36.0)

11 (42.3)

0.63

Metabolic Syndrome

31 (17.4)

17 (19.1)

0.74

24 (19.0)

13 (20.6)

0.85

7 (13.5)

4 (15.4)

1.00

N=63

N=26

ART antiretroviral therapy, HIV human immunodeficiency virus, CVD cardiovascular disease, ApoB apolipoprotein B, apo A apolipoprotein A, TC total cholesterol,
HDL-C high density lipoprotein cholesterol. Diabetes – glucose > 7mmol/l and/or history of diabetes, hypertension- systolic blood pressure >140 and/or diastolic
blood pressure >90 or history of high blood pressure, abdominal obesity- waist circumference - > 80cm for females and > 94 cm for males, obesity- body mass
index ≥ 30 kg/m 2 , low HDL- ≤1.3 for females and ≤1.1 for males, hypercholesterolemia- TC ≥5mmol/l, hypertriglyceridemia- TG≥ 1.7mmol/l, high TC/HDL-C >5,
high ApoB/ApoA >0.68, high TG/HDL-C ≥1.49, Metabolic Syndrome -any 3 from abdominal obesity, high TG, low HDL-cholesterol, high blood pressure and raised
fasting plasma glucose.
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A Comparison of CVD risk factors between HIV negative and ART naïve HIV infected
stratified by gender is presented in Table 4.7.

A significantly higher proportion of HIV negative participants than ART naïve HIV infected
participants had hypercholesterolaemia (38.2% vs 17.4%, p=0.001). The prevalence of
low HDL-C concentration was higher in ART naïve HIV infected than in HIV negative
participants (62.4% vs 41.6%, p=0.001). The prevalence of tobacco use, alcohol
consumption, diabetes mellitus (DM), hypertension, hypertriglyceridaemia, obesity,
abdominal obesity, metabolic syndrome, high TC/HDL-C ratio, high ApoB/ApoA ratio and
high TG/HDL-C ratio was not significantly different between ART naïve HIV infected and
HIV negative participants.

When males and females were considered separately (Table 4.7) the prevalence of
hypercholesterolaemia (36.5% vs 20.0%, p=0.03) was higher in HIV negative than ART
naïve HIV infected females. A higher proportion of HIV infected than HIV negative females
consumed alcohol (25.4% vs 11.9%, p=0.02). The prevalence of low HDL-C
concentration was lower (19.2% vs 53.8%, p=0.00), while the prevalence of
hypercholesterolaemia was higher (42.3% vs 11.5%, p=0.01) in HIV negative than in ART
naïve HIV infected males respectively. The prevalence of other risk factors was similar in
HIV negative and ART naïve HIV infected males and females (Table 4.7).
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4.3.5 Partial correlation of CVD risk factors with viral load and CD4 count after controlling for age and gender.

Table 4. 8: Partial correlation of viral load and CD4 count with cardiovascular disease risk factors after controlling for age
and gender, in ART naïve participants.

CD4

r

Alcohol

Tobacco

SBP

DBP

WC

BMI

Glucose

hsCRP

TC

HDL

Use

use

-0.91

-0.09

0.17

-0.41*

0.08

0.36*

0.27

-0.04

0.33*

0.01

0.59

0.26

0.01

0.63

0.02

0.08

0.79

0.03

-0.12

-0.07

0.04

0.10

0.01

-0.15

0.28

0.44

0.66

0.79

0.53

0.96

0.34

0.07

TG

ApoB/

TC/

TG/HDL-C

Apo A

HDL

0.11

0.39*

0.31*

0.12

0.94

0.46

0.01

0.04

0.43

-0.38*

-0.60*

-0.18

0.23

0.35*

0.24

0.01

0.00

0.24

0.14

0.02

0.01

count

p 0.56
Viral

r

0.15

load

p 0.32

r- correlation coefficient, p- level of significance, SBP systolic blood pressure, DBP diastolic blood pressure, WC waist circumference, BMI body mass
index, hsCRP high sensitivity CRP, TC total cholesterol, HDL high density lipoprotein cholesterol, TG triglycerides, ApoB apolipoprotein B, Apo A
apolipoprotein A, Lp (a) lipoprotein (a). Met Syndrome -any 3 from abdominal obesity, high TG, low HDL cholesterol, high blood pressure and raised
fasting plasma glucose, ART antiretroviral therapy.
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The partial correlation of CVD risk factors with viral load and CD4 count after controlling
for age and gender is presented in Table 4.8.

Viral load correlated negatively with TC (r=-0.38, p=0.01) and HDL-C (r=-0.60, p=0.001),
and positively with TC/HDL-C ratio (r=0.35, p=0.02) and TG/HDL-C ratio (r=0.24, p=0.01).
CD4 count correlated positively with body mass index (BMI) (r=0.36, p=0.02), TC (r=0.33,
p=0.03), TC/HDL-C ratio (r=0.31, p=0.04) and apolipoprotein B/apolipoprotein A ratio
(r=0.39, p=0.01), but negatively with diastolic blood pressure (r=-0.41, p=0.01) after
controlling for age and gender (Table 4.8).

4.3.6 Regression analysis to determine predictors of CVD risk factor in ART naïve HIV
infected people.
The univariate regression analysis was used to determine which factors to include in
multivariate regression analysis. Univariate regression analysis is presented in Tables 4.9,
4.11, and 4.13.
Factors that were significant at p-value ≤ 0.25 in univariate analysis were considered as
candidates in multivariate modelling. Two-way interactions that were significant at p-value
< 0.05 were included in the modelling. In multivariate logistic regression, the model with
the highest classification accuracy was chosen to explain the association of factors with
outcome variable and in multivariate backward linear modelling, the significant factors
were obtained from the last model.

Predictors of behavioural CVD risk factors among ART naïve HIV infected people is
presented in Table 4.10
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Table 4. 9: Univariate logistic regression to examine the association of covariates with behavioural CVD risk factors among
ART naive HIV infected people.
Behavioural CVD risk factors
Variables

Tobacco use

Alcohol consumption

Physical inactivity

Low fruit and vegetable
intake

Age (years):

Gender:

≤50

1 [ref]

1 [ref]

>50

1.02 *

3.42*

females

1 [ref]

1 [ref]

males

3.06*

1.84*

1 [ref]

1 [ref]

1 [ref]

1 [ref]

0.48*

0.20*

0.74

0.79

Unmarried

[ref]

1 [ref]

Married

0.55

1.52

Unemployed

1 [ref]

1 [ref]

Employed

1.02

0.50

Educational status: primary
Secondary and

1 [ref]
2.74*

1 [ref]
0.54*

1[ref]
0.66

1 [ref]
0.49*

above
Marital status:

Work status:

1 [ref]
2.67*

1 [ref]
0.36*

1 [ref]
2.07*

1 [ref]
2.00

Values are reported as Unadjusted Odds ratio. *p value ≤ 0.25 are candidates for multivariate modelling. CVD-cardiovascular disease.
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Table 4. 10: Predictors of behavioural CVD risk factors among ART naive HIV infected people.
Behavioural CVD risk factors
Variables

Tobacco use

Alcohol consumption

Physical inactivity

≤50
>50

1 [ref]
0.89

1 [ref]
2.16

1 [ref]
3.27 *

___

Females
Males

1 [ref]

1 [ref]
1.44

1 [ref]
0.33#

1 [ref]
0.39

Educational status: primary
Secondary and above

1 [ref]
1.43

1 [ref]
0.27 *

___

___

Unmarried
Married

___

___

1 [ref]
2.66

1 [ref]
2.55

: Unemployed
Employed

___

___

1 [ref]
0.48

___

11.87; 0.01
17.8%
0.23
95.66
75.3%

12.07; 0.02
18.6%
0.99
89.64
77.5%

3.57; 0.17
6.8%
0.73
73.89
84.3

Age (years):

Gender:

Marital status:

Work status:

Chi-square; p-value
Nagelkerke
Hosmer and Lemeshow
-2 Log likelihood
Classification accuracy

6.78*

11.48;
19.8%
0.30
72.37
82.0%

0.02

Low fruit and vegetable
intake

Values are reported as Adjusted Odds ratio. *p-value is significant at <0.05. #p value=0.05 is marginally significant. ART antiretroviral therapy
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People more than 50 years of age were 3.27 times (p-value 0.04) more likely to be
physically inactive than people of less than 50 years of age.
Males were more physically active than females (p value 0.05) and were 6.78 times
more likely to use tobacco than females.
People with secondary education and above used less alcohol than people with primary
education (p value 0.04).
None of the examined socio-demographic factors showed an association with low fruit
and vegetable intake (Table 4.10).

Predictors of metabolic CVD risk factors among ARV naïve HIV infected people are
presented in table 4.12.
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Table 4. 11: Univariate logistic regression to examine association of covariates with Metabolic CVD risk factors among ART
naive HIV infected people.
Predictor variable
≤50
>50

Age (years):

Gender:

females
males

1 [ref]
0.492

Metabolic CVD risk factors
High TC
High TG
High TC/
HDL-C
1 [ref]
1 [ref]
1 [ref]
1.83
0.67
1.09

High Apo B/
Apo A
1 [ref]
0.80

High TG
/ HDL-C
1[ref]
0.92

1 [ref]
1.91

1 [ref]
0.60

1 [ref]
0.52

1 [ref]
2.362

1 [ref]
2.052

1 [ref]
1.28

1[ref]
1.31

HTN

Diabetes

Low HDL-C

1 [ref]
1.632

1 [ref]
15.471

1 [ref]
0.78

Alcohol :

No
Yes

1 [ref]
1.902

1[ref]
4.271

1 [ref]
0.341

1 [ref]
1.83

1 [ref]
1.44

1 [ref]
0.292

1 [ref]
0.62

1[ref]
0.81

Tobacco use:

No
Yes

1[ref]
2.682

1[ref]
4.291

1 [ref]
0.332

1 [ref]
1.23

1 [ref]
1.87

1 [ref]
0.62

1 [ref]
0.68

1[ref]
0.72

1 [ref]
1.08

1 [ref]
0.47

1 [ref]
6.031

1 [ref]
0.322

1 [ref]
1.23

1 [ref]
2.281

1 [ref]
5.061

1[ref]
2.322

VL(copies/ml):

<50
>50

Obesity:

No
Yes

1 [ref]
3.911

1 [ref]
0.89

1 [ref]
1.08

1 [ref]
2.292

1 [ref]
2.482

1 [ref]
0.94

1 [ref]
0.75

1[ref]
2.672

Abdominal Obesity:

No
Yes

1 [ref]
3.501

1 [ref]
1.98

1 [ref]
1.69

1 [ref]
3.441

1 [ref]
2.132

1 [ref]
0.63

1 [ref]
1.912

1[ref]
1.812

>500
301-500
≤300

1 [ref]
0.462
0.242

1 [ref]
0.65
0.00

1 [ref]
0.92
0.50

1 [ref]
0.242
0.101

1 [ref]
0.92
0.92

1 [ref]
0.92
0.26

1 [ref]
0.392
0.312

1[ref]
1.64
0.90

1 [ref]
1.22

1 [ref]
1.88

1 [ref]
0.93

1 [ref]
1.01

1 [ref]
0.81

1 [ref]
1.06

1 [ref]
1.08

1[ref]
0.71

1[ref]
0.502

1[ref]
0.92

1[ref]
0.23

1[ref]
3.14

1[ref]
0.71

1[ref]
0.82

1[ref]
1.29

1[ref]
0.85

CD 4 count:
(cells/mm3)

PA:

F/V:

>600MET- min/week
<600 MET-min/week
>5servings/day
<5servings/day

Values are reported as Unadjusted Odds ratio. 1p-value <0.05 and 2p-value is from 0.05 to 0.25 candidates for multivariate modelling. VL-viral load, PAphysical activity, F/V-fruit and vegetable intake, HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, TC total cholesterol,
TG triglycerides, Apo B apolipoprotein B, Apo A apolipoprotein A, Met S metabolic syndrome, HTN hypertension, ART antiretroviral therapy, MET-min
metabolic equivalent of task-minute.
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Table 4. 12: Predictors of Metabolic CVD risk factors among ART naïve HIV infected people.
Metabolic CVD risk factors
Predictor variable
Age(years):

Gender:

≤50
>50
females
males

HTN

Diabetes

Low HDL-C

High TC

High TG

1 [ref]
4.05#

1 [ref]
1.17*

1 [ref]
0.61

___

___

____

____

____

____

High TC/
HDL-C
___

High Apo B/
Apo A
___

TG/HDL-C

1 [ref]
1.89

____

____

___

___

Alcohol use:

No
Yes

___

___

1 [ref]
0.41

____

____

1 [ref]
0.11*

____

____

Tobacco use:

No
Yes

1 [ref]
3.91

1 [ref]
7.95*

1 [ref]
0.41

____

___

____

___

____

___

____

1 [ref]
7.37*

1 [ref]
0.16

1 [ref]
1.50

1 [ref]
2.51*

1 [ref]
2.45*

1 [ref]
1.58#

Abdominal Obesity: No
Yes

1 [ref]
10.95*

____

___

1 [ref]
7.67*

1 [ref]
3.44#

___

1 [ref]
2.45

1 [ref]
2.76

CD 4 count:

1 [ref]
0.95
0.16*

____

____

1 [ref]
0.18
0.04*

___

____

1 [ref]
0.60
0.23

___

15.54
0.01
34.7%
0.70
55.31
76.9%

33.78
0.001
57.8%
0.86
36.61
91.0%

20.02
0.0001
30.2%
0.67
86.64
72.2%

13.89
0.01
39.2%
0.86
35.24
83.3%

4.39
0.22
8.7%
0.98
74.31
77.9%

14.01
0.001
27.5%
0.20
56.64
83.5%

10.72
0.03
27.4%
0.39
53.39
70.2%

6.32
0.04
11.3%
0.15
90.88
67.1%

VL (copies/ml):

(cells/mm3)

≤50
>50

>500
301-500
≤300

Chi-square
p-value
Nagelkerke
Hosmer & Lemeshow
-2Log –likelihood
Classification –accuracy

Values are reported as Adjusted Odds ratio; *p-value is significant at <0.05, #p value=0.05 is marginally significant. VL-viral load, HDL-C high density
lipoprotein cholesterol, LDL-Clow density lipoprotein cholesterol, TC total cholesterol, TG triglycerides, Apo B apolipoprotein B, Apo A apolipoprotein
A, HTN hypertension, ARV antiretroviral.
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People more than 50 years of age were 4.05 times (p value 0.05) more likely to be
hypertensive and 1.17 times (p value 0.0001) more likely to be diabetic than people of
less than 50 years of age.
People who used alcohol were less likely to have a high TC/HDL-C ratio (p value 0.046)
than people who did not use alcohol.
Tobacco users were 7.95 times (p value 0.03) more likely to have diabetes mellitus than
non-tobacco users.
People with a viral load of more than 50 copies/ml were more likely to have a low HDLC concentration (p value 0.001), a high TC/HDL-C ratio (p value 0.01), a high
ApoB/ApoA ratio (p value 0.01) and high TG/HDL-C ratio (p value 0.05) compared to
people with a viral load of less or equal to 50 copies/ml.
The likelihood of having hypertension was 10.95 times (p value 0.001) more in people
with than in people without abdominal obesity. In addition people with abdominal obesity
were 7.67 times (p value 0.04) more likely to have a high TC concentration and 3.44
times (p value 0.05) more likely to have a high TG concentration compared to people
without abdominal obesity.
People with a CD4 count of less or equal to 300cell/mm 3 were less likely to be
hypertensive (p value 0.048) and hypercholesterolaemic (p value 0.03) compared to
people with a CD4 count of more than 300 cells/mm3.

Predictors of Lipoprotein subclasses in ART naïve HIV infected people are presented
in table 4.14.
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Table 4. 13: Univariate linear regression to examine association of covariates with lipoprotein subclasses among ART naive HIV
infected people.
Predictor variable

Lipoprotein subclasses
Large HDL-p

Small HDL-p

Large LDL-p

Small LDL-p

Age:

-0.08 (0.47)

0.07 (0.55)

0.12 (0.28)

-0.12 (0.27)

Gender:

-0.16 (0.14)*

0.16 (0.14)*

0.07 (0.55)

-0.07 (0.53)

-0.18 (0.10)*

0.18 (0.10)*

0.07 (0.53)

-0.07 (0.52)

Tobacco use

-0.05 (0.66)

0.05 (0.66)

0.01 (0.93)

-0.01 (0.90)

VL:

-0.06 (0.59)

0.06 (0.59)

0.11 (0.31)

-0.12 (0.31)

CD4 count (cells/mm3):

0.20 (0.16)*

-0.20 (0.16)*

-0.10 (0.51)

0.01 (0.95)

BMI (kg/m2):

0.12 (0.33)

-0.12 (0.33)

0.14 (0.20)*

-0.14 (0.19)*

WC

0.15 (0.18)*

-0.15 (0.18)*

0.20 (0.07)*

-0.19 (0.08)*

HDL-C:

0.18 (0.10)*

-0.18 (0.10)*

-0.03 (0.77)

0.03 (0.76)

LDL-C:

-0.03 (0.80)

0.03 (0.80)

0.02 (0.84)

-0.03 (0.82)

TC:

-0.01 (0.92)

0.01 (0.92)

0.04 (0.70)

-0.04 (0.69)

TG:

-0.18 (0.10)*

0.18 (0.10)*

0.12 (0.27)

-0.12 (0.27)

TG/HDL-C

-0.18 (0.10)*

0.18 (0.10)*

0.16 (0.16)*

-0.16 (0.15)

TC/HDL-C

-0.24 (0.03)*

0.24 (0.03)*

0.06 (0.58)

-0.07 (0.56)

ApoB/ ApoA

-0.20 (0.07)*

0.20 (0.07)*

0.13 (0.10)*

-0.13 (0.10)*

Hypertension:

-0.06 (0.57)

0.06 (0.57)

0.07 (0.52)

-0.07 (0.50)

Diabetes:

-0.03 (0.79)

0.03 (0.79)

0.04 (0.74)

-0.04 (0.74)

Met S:

-0.12 (0.29)

0.12 (0.29)

0.29 (0.27)

-0.29 (0.26)

Physical activity

-0.10 (0.35)

0.10 (0.35)

-0.08 (0.45)

0.08 (0.45)

Alcohol:

0.004 (0.97)
-0.004 (0.97)
0.10 (0.37)
-0.10 (0.36)
Fruit and vegetable
intake
Values are reported as Beta coefficient (p-value), * p value ≤ 0.25 are candidates for multivariate modelling. HDL-C high density lipoprotein cholesterol, LDL-C
low density lipoprotein cholesterol, TC total cholesterol, BMI body mass index, VL-viral load, TG triglycerides, ApoB apolipoprotein B, ApoA apolipoprotein A,
Met S metabolic syndrome, HDL-p High density lipoprotein-particles, LDL-p Low density lipoprotein-particles, ART antiretroviral therapy.
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Table 4. 14: Predictors of Lipoprotein subclasses in ART naive HIV infected people.
Predictor variable

Large HDL-particles
1st Model

Last Model

Small HDL-particles

Large LDL-particles

Small LDL-particles

1st Model

Last Model

1st Model

1st Model

Last Model

Gender:

-0.09 (0.59)

____

0.08 (0.64)

____

Alcohol:

-0.14 (0.37)

____

0.16 (0.31)

____

CD4 count

0.25 (0.13)

0.28 (0.056)#

0.27 (0.09)

-0.28 (0.056)#

Abdominal obesity

0.19 (0.26)

0.29 (0.047) *

-0.20 (0.24)

-0.29(0.047) *

HDL-C:

-0.11 (0.59)

____

0.12 (0.54)

____

TG/HDL-C

0.23 (0.18)

____

-0.25 (0.14)

____

TC/HDL-C

-0.005 (0.98)

____

0.03 (0.86)

____

ApoB/ ApoA

-0.008 (0.97)

____

-0.006 (0.98)

F-test

1.34

4.05

p-value

0.26

Last Model

(cells/mm3):

R

2

Adjusted R

2

0.24 (0.046)

0.26 (0.028) *

-0.23 (0.049)

-0.26 (0.03) *

0.16 (0.18)

____

-0.16 (0.18)

____

____

0.04 (0.74)

____

-0.04 (0.72)

____

1.34

4.05

2.35

5.02

2.36

4.93

0.03

0.26

0.03

0.08

0.03

0.08

0.03

23.4%

16.5%

23.4%

16.5%

9.4%

6.7%

9.4%

6.6%

6.0%

12.4%

6.0%

12.4%

5.4%

5.4%

5.4%

5.2%

Values are reported as Beta coefficient (p-value). *p-value is significant at <0.05, #p value is marginally significant. HDL-C high density lipoprotein cholesterol,
LDL-C low density lipoprotein cholesterol, TC total cholesterol, TG triglycerides, Apo B apolipoprotein B, Apo A apolipoprotein A, ART antiretroviral therapy
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CD4 count was positively associated with the large HDL-particles (p value 0.056) and
negatively with the small HDL-particles.
Abdominal obesity was positively associated with large HDL-particles (p value 0.047)
and negatively with small HDL-particles. In addition abdominal obesity was positively
associated the large LDL-particles (p value 0.023) and negatively with the small LDLparticles (p=0.03) (Table 4.14).

4.3.7 Framingham 10-year cardiovascular disease (CVD) risk estimation in ART naïve
HIV infected participants.

The distribution of ART naïve HIV infected participants by Framingham risk category is
presented in Figure 4.3.
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Figure 4. 3: Distribution of ART naive HIV infected participants by Framingham risk category

The majority of ART naïve HIV infected participants (85.2%) had a low 10- year CVD
risk. The prevalence of participants with moderate and high 10-year CVD risk was 9.2%
and 5.6% respectively. The prevalence of individuals at low, moderate and high 10year CVD risk was 92.3%, 7.7%, 0% among ART naïve HIV infected females and
66.7%, 13.3% and 20% among ART naïve HIV infected males, respectively. According
to the Framingham risk score ART naïve HIV males have a higher risk of developing
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cardiovascular disease in the next 10 years than ART naïve HIV infected females
(Figure 4.3).

4.4 PHASE 2 RESULTS
4.4.1 Socio-demographic data.
The socio-demographic characteristics of people on ART is presented in Table 4.15.
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Table 4. 15: Socio-demographic data of ART HIV infected participants by gender
Variables

ART treated HIV
infected
participants
N=214
44.8 ± 11.8

ART treated HIV
infected females
N=171

ART treated HIV
infected males
N= 43

p-value

43.5 ± 11.6

49.9 ± 11.1*

0.001

Not Married

164(76.6)

137 (80.1)

27 (62.8)

*

Married

50(23.4)

34 (19.9)

16 (37.2)

*

Primary

114(53.3)

86 (50.3)

28 (65.1)

Secondary

98(45.8)

83 (48.5)

15 (34.9)

University

2(0.9)

2 (1.2)

0 (0)

Unemployed

149 (69.6)

129 (75.4)

20 (46.5)

Retired

17 (7.9)

9 (5.3)

8 (18.6)

Employed

48(22.4)

33 (19.3)

15 (34.9)

No

169(79.0)

143 (83.6)

26 (60.5)

Yes

45(21.0)

28 (16.4)

17 (39.5)

No

167 (78.0)

142 (83.0)

25 (58.1)

Yes

47(22.0)

29 (17.0)

18 (41.9)

Fruit and vegetable intake n (%)

N=157

N=127

N=30

≥5 servings/day

7 (4.5)

6 (4.7)

1 (3.3)

<5 servings/day

150 (95.5)

121 (95.3)

29 (96.7)

Physical activity

N=157

N=127

N=30

>600 MET-min

119 (75.8)

90 (70.9)

29 (96.7)

<600 MET-min

38 (24.2)

37 (29.1)

1 (3.3)

ARV regimen

N=200

N=160

N=40

NVP (NNRTI)-based HAART

25 (12.5)

22 (13.8)

3 (7.5)

EFV (NNRTI)-based HAART

172 (86)

136 (85.0)

36 (90.0)

Alluvia (PI)-based HAART

3 (1.5)

2 (1.3)

1 (2.5)

Age (years)
Marital status n (%)

0.03

Educational level n (%)

0.12

Work status n (%)

0.001

Tobacco use n (%)

0.001

Alcohol use n (%)

0.001

1.00

0.002

Data is presented as number (percentage), HIV human immunodeficiency virus, ARV antiretroviral, NVP nevirapine,
EFV efavirenz, NNRTI non-nucleoside reverse transcriptase inhibitor, PI protease inhibitor, HAART highly active
antiretroviral therapy, MET-min metabolic equivalent of task-minute.
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Of the 214 people on ART, 171 (79.9%) were females and 43 (20.1%) were males. The
mean age of people on ART was 44.8 ± 11.8 years and males were significantly older
than females (49.9 ± 11.1 vs 43.5 ± 11.6, p=0.00). The percentage of unmarried
participants was 164 (76.6%) with more females than males unmarried (80.1% vs
62.8%, p<0.05). About 53.3% of participants had primary level and 45.8% had
secondary level of education. Unemployment among people on ART was 69.6 %, and
higher in females (75.4%) than in males (46.5%). A significantly higher proportion of
males than females used tobacco (39.5% vs 16.4%, p<0.05) and consumed alcohol
(41.9% vs 17.0%, p<0.05) respectively. Males were more physically active than females
(96.7% vs 70.9%, p=0.002), while fruit and vegetable intake was similar between the
two groups (Table 4.15).

In Figure 4.4 the distribution of ART regimen use is presented.
3TC/EFV/AZT
3%

3TC/NVP/AZT
1%

3TC/AZT
(TDF)/Alluvia
1.5%

TDF/EFV/FTC
19%

TDF/3TC/NVP
11.5%

TDF/3TC/EFV
61%

3TC/EFV/D4T
3%

Figure 4. 4: Distribution of ARV regimen used by participants
NVP nevirapine, 3TC lamivudine, AZT zidovudine, TDF tenofovir, EFV efavirenz, FTC emtricitabine,
D4T Stavudine, Alluvia- lopinavir/ritonavir.
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Information on ART used and duration of treatment was only available in 200 of the
participants, 160 females and 40 males because files for some participants could not
be located. The most commonly used treatment was EFV-based ART in both males
(90%) and females (85%) (Table 4.16). The majority of participants were treated with
combinations of tenofovir (TDF)/lamivudine (3TC)/ efavirenz (EFV) (61%) followed by
emtricitabine (FTC)/ EFV/TDF (19%) and nevirapine (NVP)/ 3TC/TDF (11.5%) (Figure
4.4). Nevirapine and Emtricitabine were available as 200mg, lamivudine, tenofovir and
Stavudine were available as 300mg and efavirenz was given as 600mg.
The duration of ART for 200 participants is presented in Figure 4.5
49
50
45

% Participants

40

33.7

35
30
25
20

15.3

15
10
2

5
0
1 to 30

31 to 60
61 to 90
ARV duration in months

> 90

Figure 4. 5: Distribution of people on ART according to duration of treatment

Duration of ART among participants ranged from 1 month to 121 months with a mean
duration of 36.1±24.4 months. About 49% of participants had taken ART between 1 to
30 months, while 33.7% had received treatment between 31 to 60 months. The
proportions of people on longer duration of treatment were 15.3% (61 to 90 months)
and 2% (more than 90 months) (Figure 4.5).
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4.4.2 Anthropometric measurements and blood pressure
Anthropometric measurements and blood pressure of participants on ART are
presented in Table 4.16.
Table 4. 16: Anthropometric measurements and blood pressure of ART HIV infected
participants
ART treated HIV

ART treated HIV

ART treated HIV

infected

infected females

infected males

participants

N=171

N=43

P-value

N=214
SBP (mmHg)

117.3 ± 16.9

116.5 ± 16.1

120.5 ± 19.7

0.23

DBP (mmHg)

77.4 ± 10.2

77.3 ± 10.3

77.9 ± 9.9

0.74

Weight (kg)

61.7 ± 14.3

61.7 ± 14.9

61.5 ± 11.7

0.94

Height (cm)

1.61 ± 0.09

1.61 ± 0.09

1.59 ± 0.07

0.001

BMI(kg/m2)

24.0 ± 5.0

24.6 ± 5.0

21.4 ± 3.9

0.001

WC (cm)

84.84±11.81

85.4 ± 12.1

82.6 ± 10.2

0.12

HC (cm)

96.7 ± 10.9

97.9 ± 11.3

91.9 ± 7.4

0.001

WHR

0.88 ± 0.09

0.87 ± 0.09

0.89 ± 0.07

0.06

Data is expressed as mean ± standard deviation. P-value is significant at less than 0.05. HIV human
immunodeficiency virus, ART antiretroviral therapy, WC waist circumference, HC hip circumference, WHR
waist hip ration, BMI body mass index.

Mean blood pressure in males and females on ART was similar. Mean body mass index
was higher in females than in males (p=0.001), as was the hip circumference (p=0.001),
while there was no significant difference in waist to hip ratio (Table 4.16).

4.4.3 Biochemical parameters
Comparison of biochemical parameters between male and female participants on ART
is presented in Table 4.17.
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Table 4. 17: Biochemical parameters in ART HIV infected participants by gender
ART treated HIV

ART treated HIV

ART treated HIV

p-value

infected

infected females

infected males

N=214

N=171

N=43

TC (mmol/l)

4.60 ± 1.11

4.66 ± 1.08

4.34 ± 1.22

0.14

HDL-C (mmol/l)

1.36 ± 0.40

1.39 ± 0.36

1.20 ± 0.51

0.03

LDL-C (mmol/l)

2.66 ± 0.99

2.72 ± 0.94

2.38 ± 1.18

0.09

TG (mmol/l)

1.03 [0.80-1.48]

1.00 [0.77-1.39]

1.43 [0.93-1.95]

0.001

TC/HDL-C

3.61 ± 1.12

3.52 ± 1.06

4.00 ± 1.30

0.03

TG/HDL-C

0.78 [0.54-1.23]

0.73 [0.52-1.11]

1.13 [0.76-2.34]

0.0001

Apo A (mg/dl)

123.9 ± 27.9

125.3 ± 27.7

118.0 ± 28.0

0.15

Apo B (mg/dl)

82.5 ± 26.3

83.3 ± 25.5

78.7 ± 29.2

0.36

Apo B/ Apo A

0.70 ± 0.28

0.70 ± 0.28

0.70 ± 0.29

1.00

Lp (a) (mg/dl)

84.9[39.4-155.0]

86.5[40.1-157.8]

84.0[29.8-130.0]

0.40

hsCRP (mg/l)

4.38 [2.00-8.37]

4.89 [2.04-8.75]

3.86 [1.32-6.65]

0.32

Glucose (mmol/l)

4.93 ± 0.63

4.94 ± 0.60

4.88 ± 0.76

0.64

Large LDL-p (%)

82.4 ± 6.2

82.5 ± 6.5

81.7 ± 4.2

0.35

Small LDL-p (%)

17.2 ± 4.2

17.0 ± 4.1

18.3 ± 4.3

0.09

Large HDL-p (%)

62.9 ± 11.1

63.6 ± 10.8

59.8 ± 11.9

0.08

Small HDL-p (%)

37.1 ± 11.2

36.4 ± 10.9

40.1 ± 11.9

0.07

CD4 count (cells/mm3)

461.9 ± 235.3

485.5 ±234.1

364.3 ± 216.6

0.001

Viral load (copies/ ml)

≤ 50*

≤ 50

≤ 50

0.14

Mean duration of ART in

36.1 ± 24.4

37.0 ± 24.3

32.5 ± 24.6

0.31

months (N=200)
* 85% of ART HIV infected participants had a viral load of less or equal to 50. Data expressed as mean ±
standard deviation, median [interquartile range]. N total number of participants, HIV human immunodeficiency
virus, ARV antiretroviral, SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, HDLC high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, TG triglycerides, Apo A
apolipoprotein A, Apo B apolipoprotein B, Lp (a) lipoprotein (a), hsCRP high sensitivity C-reactive protein,
LDL-p low density lipoprotein particle, HDL-p high density lipoprotein particle.
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Lower mean values of HDL-C concentration (p=0.03) and TC/HDL ratio (p=0.03) and
higher median value of TG (p=0.001) and TG/HDL-C ratio (p=0.0001), were observed
in males than in females. There was no significant difference in mean values of TC,
LDL-C, Apo A, ApoB, ApoB/ApoA ratio, Lp (a), glucose and median values of hsCRP
between males and females. LDL and HDL particle proportions were not significantly
different between males and females. However, the proportions of large particles were
higher than the small particles in both males and females. The mean CD4 count was
lower in males than in females (p=0.001), while the median viral load was similar
between the two groups. Of the 214 participants on ART, 178 (85%) had undetectable
viral load (≤ 50 copies/ml). Participants had taken ART for a mean duration of 36.1 ±
24.4 months (Table 4.17).

4.4.4 Cardiovascular risk factors.

The prevalence of cardiovascular risk factors in males and females on ART is presented
in Table 4.18.
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Table 4. 18: Prevalence (%) of CVD risk factors in ART HIV infected participants by
gender
ART treated HIV

ART treated HIV

ART treated HIV

infected

infected females

infected males

participants

N=171

N=43

N=214

n (%)

n (%)

P-value

n (%)
Tobacco use

45 (21.1)

28 (16.5)

17 (39.5)

0.001

Alcohol

47 (22.1)

29 (17.1)

18 (41.9)

0.001

Obesity

27 (12.7)

25 (14.6)

2 (4.8)

0.12

Abdominal obesity

51 (23.9)

44 (25.9)

7 (16.3)

0.23

Hypertension

56 (26.2)

40 (23.4)

16 (37.2)

0.08

Diabetes

10 (4.7)

6 (3.5)

4 (9.3)

0.12

Low HDL-C

91 (43.8)

71 (42.3)

20 (50.0)

0.38

Hypercholesterolaemia

69 (33.2)

58 (34.5)

11 (27.5)

0.46

Hypertriglyceridaemia

35 (16.8)

21 (12.5)

14 (35.0)

0.001

High TC/HDL (≥5)

28 (13.5)

17 (10.1)

11 (27.5)

0.01

High TG/HDL-C (≥1.49)

38 (18.3)

23 (13.7)

15 (37.5)

0.001

ApoB/ApoA (≥ 0.68)

93 (45.4)

74 (44.8)

19 (47.5)

0.86

Metabolic Syndrome

20 (9.6)

15(8.9)

5 (12.5)

0.56

ART antiretroviral therapy, HIV human immunodeficiency virus, CVD cardiovascular disease, ApoB
apolipoprotein B, apo A apolipoprotein A, TC total cholesterol, HDL-C high density lipoprotein cholesterol.
Diabetes – glucose ≥ 7mmol/l and/or history of diabetes, hypertension- systolic blood pressure ≥140 and/or
diastolic blood pressure ≥90 or history of high blood pressure, abdominal obesity- waist circumference - >
80cm for females and > 94 cm for males, obesity- body mass index ≥ 30 kg/m 2 , low HDL- ≤1.3 for females
and ≤1.1 for males, hypercholesterolemia- TC ≥5mmol/l, hypertriglyceridemia- TG≥ 1.7mmol/l, high TC/HDLC >5, high ApoB/ApoA >0.68, high TG/HDL ratio ≥1.49, Met Syndrome- metabolic syndrome

Tobacco use was reported by 21.1% of participants, and its use was higher among
males than among females (39.5% vs 16.5%, p=0.001). Similarly, 22.1% of participants
on ART consumed alcohol, with a higher proportion of males than females consuming
alcohol (41.9% vs 17.1%, p=0.001). The prevalence of hypertriglyceridaemia (35.0% vs
12.5%, p=0.001), high TC/HDL ratio (27.5% vs 10.1%, p=0.01) and high TG/HDL-C
ratio (37.5% vs 13.7%) was higher in males than in females. The prevalence of
metabolic syndrome was similar between males and females (Table 4.18). None of the
participants indicated a family history of CVD.
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4.4.5 Partial correlation of viral load and cd4 count with CVD risk factors after controlling for age, gender and duration of ARV
treatment.

Table 4. 19: Partial correlation of viral load and CD4 with cardiovascular disease risk factors count after controlling for age, gender
and duration of treatment, in people on ART.

CD4

Alcohol

Tobacco

SBP

DBP

WC

BMI

Glucose

hsCRP

TC

HDL-C

use

use

r

0.06

-0.01

0.00

0.05

-0.02

-0.04

-0.04

-0.04

0.07

0.13

p

0.46

0.91

1.00

0.49

0.76

0.65

0.59

0.60

0.35

r

0.13

-0.05

-0.03

-0.08

-0.13

-0.13

-0.04

-0.01

p

0.09

0.49

0.69

0.28

0.08

0.09

0.58

0.89

TG

ApoB/

TC/

TG/

Apo A

HDL-C

HDL-C

0.05

0.03

-0.05

0.07

0.10

0.48

0.65

0.55

0.35

-0.11

-0.21*

0.10

0.15

0.15

0.14*

0.16

0.01

0.20

0.05

0.06

0.04

count

Viral
load

* Significant correlation, r- correlation coefficient, p- level of significance, SBP systolic blood pressure, DBP diastolic blood pressure, WC waist circumference,
BMI body mass index, hsCRP high sensitivity CRP, TC total cholesterol, HDL high density lipoprotein cholesterol, TG triglycerides, ApoB apolipoprotein B,
Apo A apolipoprotein A.
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The partial correlation of viral load and CD4 count with CVD risk factors after controlling
for age, gender and duration of ART is presented in Table 4.19.

After controlling for age, gender and duration of ART, viral load was correlated
negatively with HDL-C (r=- 0.21, p=0.01) and positively with the TG/HDL-C ratio. A
positive correlation of marginal significance was observed for Apo B/ Apo A (r=0.15,
p=0.05) and TC/HDL-C (r=0.15, p=0.06) with viral load. No other correlation were
observed (Table 4.19).

4.4.6 Regression analysis to determine predictors of CVD risk factor in ART HIV
infected people
The univariate regression analysis was used to determine which factors to include in
multivariate regression analysis. Univariate regression analysis is presented in Tables
4.20, 4.21, 4.23 and 4.25.

Predictors of tobacco use, alcohol consumption and physical inactivity among people
on ART is presented in Table 4.22.
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Table 4. 20: Univariate logistic regression to examine association of covariates with behavioural CVD risk factors
among ART HIV infected people
Behavioural CVD risk factors
Variables

Tobacco use

Alcohol consumption

Physical inactivity

1 [ref]
2.82*

1 [ref]
1.23

1 [ref]
0.73

1 [ref]

1 [ref]

1 [ref]

3.34*

3.53*

0.08*

Educational status: primary
Secondary and above

1 [ref]

1 [ref]

0.56*

0.51*

1 [ref]
1.05

Marital status:

Unmarried
Married

1[ref]
2.5*

1 [ref]
1.34

1 [ref]
0.91

Unemployed
Employed

1 [ref]
0.83

1 [ref]
1.07

1 [ref]
0.63

Age:

Gender:

Work status:

≤50
>50
females
males

Values are reported as Unadjusted Odds ratio. *p value ≤ 0.25 are candidates for multivariate modelling. ART antiretroviral therapy
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Table 4. 21: Univariate linear regression to examine association of covariates with behavioural CVD risk factors
among HIV infected people on ART
Variables

Behavioural CVD risk factor :
fruit and vegetable intake

Age

0.02 (0.83)

Gender

-0.09 (0.29)

Education status

-0.09 (0.27)

Marital status

-0.11 (0.18)

Work status

-0.003 (0.97)

*

Beta (p-value), *p value ≤ 0.25 are candidates for multivariate modelling. CVD cardiovascular disease, ART antiretroviral therapy.
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Table 4. 22: Predictors of behavioural CVD risk factors among people on ART
Behavioural CVD risk factors
Variables
Tobacco use

Alcohol consumption

Physical inactivity

≤50
>50

1 [ref]
2.08

females
males

1 [ref]

1 [ref]

2.45*

3.31*

0.08*

Educational status: primary
Secondary and above

1 [ref]
1.33

1[ref]
0.57

_____

Marital status:

1[ref]

Age:

Gender:

Unmarried
Married

Interaction:
Education status by marital status

_____

Fruit and vegetable intake

_____
1 [ref]

3.13*

_____

_____

-0.11 (0.18)^

0.17#

_____

_____

______

Chi-square; p-value
21.98; 0.001
13.81; 0.001
11.76; 0.001
R2 – 1.2%
Nagelkerke
15.2%
9.6%
10.8%
F test, p-value -1.83; 0.18
Hosmer and Lemeshow
0.63
0.99
-2 Log likelihood
198.16
211.51
162.02
Classification accuracy
79.4%
78%
75.8%
#
Values are reported as Adjusted Odds ratio. *p-value is significant at <0.05, p value =0.05, is marginally significant. ART antiretroviral therapy, CVD
cardiovascular disease, ^multivariate linear regression was used and values are reported as Beta coefficient (p-value).
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Males were more physically active than females (p value 0.02) and were more likely to
use tobacco (p value 0.03) and alcohol (p value 0.001) than females.

Married people who had secondary education and above were less likely to use tobacco
(p value 0.05) than married people with primary education (Table 4.22).
None of the examined socio-demographic factors were associated with a low intake of
fruits and vegetables (Table 4.22).

Predictors of metabolic CVD risk factors in people on ART are presented in Table
4.24.
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Table 4. 23: Univariate logistic regression to examine association of covariates with Metabolic CVD risk factors among HIV infected people on
ART.
Predictor variable
HTN

Diabetes

Low HDL-C

Metabolic CVD risk factors
High TC
High TG
High TC/HDL-C

High ApoB/Apo A

High TG/ HDL-C

Met S

Age (years): ≤50
>50

1 [ref]
3.401

1 [ref]
6.451

1 [ref]
1.802

1 [ref]
1.16

1 [ref]
2.551

1 [ref]
4.251

1 [ref]
1.502

1[ref]
2.611

1 [ref]
3.681

Gender: females
males

1 [ref]
1.942

1 [ref]
2.802

1 [ref]
1.37

1 [ref]
0.72

1 [ref]
3.77

1 [ref]
3.371

1 [ref]
1.11

1[ref]
3.401

1 [ref]
0.92

Alcohol use: No
Yes

1 [ref]
0.612

1[ref]
0.90

1 [ref]
0.82

1 [ref]
1.652

1 [ref]
1.09

1 [ref]
0.99

1 [ref]
1.07

1[ref]
0.69

1 [ref]
0.62

Tobacco use: No
Yes

1[ref]
0.76

1[ref]
0.40

1 [ref]
0.532

1 [ref]
1.20

1 [ref]
0.74

1 [ref]
0.79

1 [ref]
0.79

1[ref]
0.85

1 [ref]
0.502

Log VL: <1.71
>1.71

1 [ref]
0.31

1[ref]
0.53

1 [ref]
3.651

1 [ref]
0.622

1 [ref]
1.53

1[ref]
1.05

1 [ref]
3.381

1[ref]
2.291

1 [ref]
1.11

ARVduration: >60
(months)
30-60
<30

1 [ref]
1.82
1.06

1 [ref]
0.73
0.73

1 [ref]
0.94
1.30

1 [ref]
0.79
0.421

1 [ref]
0.482
0.482

1 [ref]
0.281
0.311

1 [ref]
1.19
1.57

1[ref]
0.402
0.622

1 [ref]
0.92
0.412

Abdominal Obesity: No
Yes

1 [ref]
2.011

1 [ref]
1.38

1 [ref]
2.171

1 [ref]
2.061

1 [ref]
2.521

1 [ref]
1.59

1 [ref]
1.492

1[ref]
2.481

_____

CD 4 count: >500
(cells/mm3) 301-500
≤300

1 [ref]
1.37
1.22

1 [ref]
0.50
0.60

1 [ref]
0.79
0.79

1 [ref]
1.29
1.12

1 [ref]
0.96
0.83

1 [ref]
0.89
0.85

1 [ref]
1.07
1.33

1[ref]
0.95
1.26

1 [ref]
0.74
0.482

PA: >600 MET-min/week
<600MET-min/week

1 [ref]
0.592

1 [ref]
0.00

1 [ref]
1.732

1 [ref]
2.101

1 [ref]
1.22

1 [ref]
0.68

1 [ref]
1.15

1[ref]
1.29

1 [ref]
2.401

F/V intake

1.01

1.23

0.812

1.03

0.642

0.84

1.01

0.661

0.99

ARV drug: EFV-HAART
NVP-HAART

1 [ref]
0.54

1 [ref]
0.00

1 [ref]
0.83

1 [ref]
0.67

1 [ref]
0.90

1 [ref]
0.81

1 [ref]
0.68

1 [ref]
1.10

1 [ref]
0.60

Values are reported as Unadjusted Odds ratio (95% CI); 1p-value <0.05 and 2p-value is from 0.05 to 0.25 are candidates for multivariate modelling. PA- physical activity, F/V fruit and vegetable, VL viral load
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Table 4. 24: Predictors of Metabolic CVD risk factors among HIV infected people on ART
Metabolic CVD risk factors
HTN

Diabetes

Low HDL-C

High TC

High TG

≤50
>50
Gender:
females
males
Alcohol use:
No
Yes
Tobacco use:
No
Yes
VL (copies/ml): <50
>50
ARVduration: >60 months
30-60months
<30 months
Abdominal Obesity: No
Yes
PA : >600 MET-min/week
<600 MET-min/week
CD 4 count: >500
301-500
≤300
Low F/Veg intake

1 [ref]
4.671
______

1 [ref]
5.661
1 [ref]
1.83
_____

1 [ref]
2.271
____

_____

1 [ref]
2.911
___

___

______

1 [ref]
0.49
1 [ref]
3.821
_____

1 [ref]
1.69
_____

Abd. obesity by PA

Predictor variable
Age (years):

1 [ref]
0.57
_______
1 [ref]
0.081
1 [ref]
2.32
0.32
1 [ref]
2.48
1 [ref]
0.27

______
_____
____
____

High Apo
B/ Apo A
1 [ref]
1.70
___

____

High TC/
HDL-C
1 [ref]
3.291
1 [ref]
2.941
___

____

____
_____

____

Met S

____

High TG
/ HDL-C
1[ref]
2.8
1[ref]
1.90
___

____

____

____

_____

_____
1 [ref]
0.291
0.311
____

1[ref]
3.831
_____

____

1 [ref]
1.71
___

1[ref]
2.71
1[ref]
0.49
0.29
1[ref]
2.981
___

1 [ref]
1.61
___

1 [ref]
1.10
1 [ref]
0.54

1 [ref]
2.101
____

1 [ref]
0.48
0.45
1 [ref]
2.08
____

1 [ref]
1.101
___
____

1 [ref]
0.48
0.34
_____
1 [ref]
0.22

______

_____

___

____

___

____

___

____

______

______

0.92

______

0.56*

______

______

0.67

1 [ref]
0.31
0.12
______

____

___

7.18

____

____

___

___

____

____

Gender by ARV months: >60
____
____
____
____
____
____
____
1[ref]
____
0.46
30-60
6.07
<30
Chi-square; p-value
28.46;0.01
8.45; 0.02
23.68; 0.001
6.81; 0.03
13.91;0.02
21.39;0.01
15.39; 0.02
28.78; 0.01
27.71; 0.01
Nagelkerke
27.0%
12.3%
19.4%
4.5%
16%
19.1%
9.7%
28.7%
41.4%
0.28
0.89
0.71
0.34
0.85
0.98
0.97
0.29
0.94
Hosmer & Lemeshow
130.14
72.25
183.23
256.71
110.44
133.94
265.82
118.25
52.90
-2Log –likelihood
81.7%
95.3%
67.8%
69.6%
84.1%
87.4%
61.8%
82.6%
91.0%
Classification accuracy
1
Values are reported as Adjusted Odds ratio. p-value <0.05 is significant. *p=0.05, marginally significant. PA-physical activity, VL-viral load, PA-physical activity, F/Vfruit and vegetable intake, HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, TC total cholesterol, TG triglycerides, Apo B
apolipoprotein B, Apo A apolipoprotein A, Met S metabolic syndrome, HTN hypertension, ART antiretroviral therapy, MET-min metabolic equivalent of task-minute.
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People more than 50 years of age were more likely to be hypertensive (p value <0.05)
and diabetic (p value <0.05) compared to people less 50 years of age. In addition an
age of more than 50years increased the likelihood of having metabolic syndrome (p
value< 0.05), a high concentration of TG (p value <0.05), a high TC/HDL-C ratio (p value
<0.05) and a low concentration of HDL-C (p value <0.05) compared to an age of less
than 50 years.
Males were 2.94 times (p value <0.05) more likely to have a high TC/HDL-C ratio
compared to females.
People with a viral load of more than 50 copies/ml (> log 1.71) were less likely to be
hypertensive but were more likely to have a low HDL-C concentration and a high ratio
of ApoB/ApoA than people with a viral load of less than 50 copies/ml.
People on ART for less than 60 months were less likely to have a high TC/HDL-C ratio
than people on ART for more than 60 months.
The likelihood of having a high TC concentration was 2.10 times (p value <0.05) and a
high TG/HDL-C ratio was 2.98 times (p value <0.05) more in people with than in people
without abdominal obesity.
A low intake of fruit and vegetable was associated with a high concentration of TG (p
value <0.05) (Table 4.24).

Predictors of Lipoprotein subclasses in ART HIV infected people are presented in Table
4.26
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Table 4. 25: Univariate linear regression to determine association of covariates with Lipoprotein subclasses in HIV infected people
on ART
Predictor variable

Lipoprotein Subclasses
Large HDL-p

Small HDL-p

Large LDL-p

Small LDL-p

Age:
Gender:

-0.05 (0.44)

0.05 (0.53)
0.13 (0.06)*

0.02 (0.76)
-0.05 (0.47)

Alcohol:

-0.10 (0.16)

0.10 (0.15)*

0.03 (0.68)

-0.10 (0.14)*
0.12 (0.08)*
0.01 (0.91)

Tobacco use:

0.040 (0.60)

-0.04 (0.62)

0.05 (0.45)

-0.04 (0.62)

-0.06 (0.38)

0.06 (0.37)

0.03 (0.67)

-0.01 (0.89)

-0.16 (0.03)*

-0.06 (0.39)

0.11 (0.11)*

ARV duration (months):

*
0.12 (0.10) *

-0.13 (0.08)*

-0.07 (0.33)

-0.01 (0.87)

ARV drug:

0.002 (0.98)

0.002 (0.98)

0.004 (0.96)

0.04 (0.64)

BMI (kg/m2):

-0.06 (0.39)

0.06 (0.36)

-0.01 (0.85)

0.04 (0.62)

WC

-0.15 (0.03)*

0.16 (0.03)*

0.004 (0.95)

0.03 (0.65)

HDL-C:

0.05 (0.45)

-0.05 (0.47)

0.01 (0.94)

-0.06 (0.42)

LDL-C:

0.04(0.62)

-0.04 (0.59)

0.15(0.03)*

-0.20 (0.004)*

TC:
TG:

-0.02 (0.77)

0.017 (0.81)

-0.28 (0.0001)*

0.27 (0.0001)*

0.12 (0.08)*
-0.02(0.83)

-0.18 (0.01)*
0.04(0.60)

TG/HDL-C

-0.22 (0.002)*

0.21 (0.002)*

-0.02 (0.81)

0.06 (0.38)

TC/HDL-C

-0.07 (0.32)

0.07 (0.33)

0.09 (0.21)*

-0.07 (0.34)

ApoB/ ApoA
Hypertension:
Diabetes:

-0.02 (0.76)

0.02 (0.79)
0.08 (0.26)
0.13 (0.06)*

0.19 (0.01)*
-0.07 (0.32)
-0.02 (0.73)

-0.25 (0.001)*
-0.05 (0.44)
0.06 (0.42)

Met S:

-0.13 (0.08)*

0.13 (0.07)*

-0.05 (0.52)

0.10 (0.16)*

Fruit and vegetable intake
Physical activity

0.03 (0.69)
0.07 (0.47)

-0.04 (0.64)
-0.08 (0.95)

0.02 (0.83)
0.01 (0.95)

-0.03 (0.76)
-0.08 (0.33)

-0.13 (0.06)*

VL:
3

CD4 count (cells/mm ):

*

0.16 (0.03)

-0.10 (0.17)*
-0.13 (0.06)*

Values are reported as Beta coefficient (p-value). *p value ≤ 0.25 are candidates for multivariate modelling. HDL-C high density lipoprotein cholesterol, LDL-C low
density lipoprotein cholesterol, TC total cholesterol, BMI body mass index, VL-viral load, TG triglycerides, ApoB apolipoprotein B, ApoA apolipoprotein A, Met S
metabolic syndrome, HDL-p High density lipoprotein-particles, LDL-p Low density lipoprotein-particle.
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Table 4. 26: Predictors of Lipoprotein subclasses in HIV infected people on ART
Predictor variable

Large HDL-p
st

1 Model

Small HDL-p
st

Last Model

1 Model

Last Model

-0.04 (0.61)

____

0.04 (0.61)

____

-0.12 (0.12)

-0.12 (0.09)

0.12 (0.11)

0.12 (0.09)

CD4 count(cells/mm ):

0.14 (0.09)

0.18 (0.02)*

-0.15 (0.07)

-0.19 (0.01)*

ARV duration
(months):
Abdominal obesity

0.09 (0.28)

____

-0.08 (0.31)

____

-0.19 (0.01)

-0.16 (0.03)*

0.23 (0.01)

0.20 (0.01)*

Large LDL-p
st

1 Model

Small LDL-p
st

Last Model

Age:
Gender:
Alcohol:
3

1 Model
-0.11 (0.15)

Last Model
____

0.13 (0.07)

____

0.07 (0.30)

____

____

LDL-C:

0.10 (0.58)

____

-0.05 (0.80

____

TC:

-0.003 (0.98)

____

-0.15(0.39)

____

TC/HDL-C

-0.08 (0.41)

____

ApoB/ ApoA

0.19 (0.04)

0.19 (0.01)

-0.21 (0.02)

-0.27 (0.0001)

0.15 (0.04)

0.14 (0.04)

3.45
0.002
11.4%
8.1%

7.99
0.0001
7.6 %
6.7 %

TG/HDL-C

-0.18 (0.048)

-0.20 (0.01)*

0.17 (0.06)

0.17 (0.02)*

Hypertension:
Diabetes:

0.03 (0.69)
-0.08 (0.30)

____
____

0.08 (0.30)

____

Met S:

0.02 (0.81)

____

-0.06 (0.54)

____

F-test
p-value
R2
Adjusted R2

2.94
0.003
13.6%
9.0%

6.06
0.0001
12.3%
10.3%

3.55
0.001
14.4%
10.3%

6.48
0.0001
13.0%
11.0%

2.22
0.07
4.3%
2.3%

7.3
0.01
3.5%
3.0%

*

Values are reported as Beta coefficient (p-value). *p-value is significant at <0.05. HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, TC total cholesterol,
TG triglycerides, Apo B apolipoprotein B, Apo A apolipoprotein A, ART antiretroviral therapy.
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*

*

CD4 count was positively associated with the large HDL-particles (p value 0.02) and
negatively with the small HDL-particles (p value 0.01).
Abdominal obesity was negatively associated with the large HDL-particles (0.03) and
positively with the small HDL-particles (p value 0.01).
The ratio of TG/HDL-C was negatively associated with the large HDL-particles (p value
0.01) and positively with the small HDL-particles (p value 0.02).
The ratio of ApoB/ApoA was positively associated with the large LDL-particles (0.01)
and negatively with the small LDL-particles (p value 0.0001). Metabolic syndrome had
a positive association with the small particles of LDL (p value 0.04) (Table 4.26).

4.4.7 Framingham 10-year cardiovascular disease (CVD) risk in ART HIV infected
participants.

The distribution of people on ART according to Framingham risk category is presented
in Figure 4.6.

100

98.6
93.3

90

% Participants

80
70

62.5

60
All ARV treated participants

50
40

37.5

Females
Males

30
20
10

6.7
1.4

0 0 0

0
Low
Moderate
High
Framingham risk category
Figure 4. 6: Distribution of people on ART according to Framingham risk category
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The majority of participants had a low risk score with a higher percentage of females
(98.6%) than males (62.5%). A higher percentage of males (37.5%) had a moderate
10-year risk than females (1.4%). None of the participants on ART had a high 10-year
CVD risk according to Framingham risk assessment tool (Figure 4.6).

4.4.8 DAD 5-year cardiovascular disease (CVD) risk in ART HIV infected participants.

The distribution of people on ART according to the DAD risk category and the
comparison between Framingham and the DAD risk estimations are presentated in
Table 4.27.

Of the 164 participants, 68.9 % had a low risk, 27.4% had a moderate risk and 3.7%
had a combined high and very high risk for developing a CVD event in next 5-years.
However, considering all (214) participants, 66.8% had a low risk, 29% had a moderate
risk, 1.9% had a high risk and 2.3% had a very high risk for developing CVD in next 5years.
Comparison of the Framingham risk scores with the DAD risk scores in 164 participants
who met the Framingham criteria gave a level of agreement of 73.8% (Kappa=0.23;
95% CI: 0.10-0.35; p value 0.001) (Table 4.27).
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Table 4.27 Distribution of participants according to DAD and a comparison between CVD risk estimation using DAD and
Framingham equations
FRAMINGHAM (N=164)

DAD
(N=164)

Cardiovascular disease risk

Low risk

Moderate risk

Low risk

113

0

0

Moderate risk

37

8

0

High risk and very high risk

3

3

0

Agreement

73.8 %

Kappa (p-value)

0.23 (0.001)

95% CI for Kappa

0.10 – 0.35

High risk

DAD risk estimations on all participants

All participants N=214

Low risk (<1%)

Moderate risk (1-5%)

High risk (5-10%)

Very high risk (>10%)

143 (66.8 %)

62 (29 %)

4 (1.9%)

5 (2.3%)
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CHAPTER 5

DISCUSSION
Introduction
Cardiovascular disease (CVD) is considered the second most common cause of
mortality after cancer in HIV infected people (Giannarelli et al., 2011) and investigation
of the risk factors for CVD is warranted in order to strengthen management strategies.
In the present study conducted in a rural area, Limpopo Province, cardiovascular risk
factors among ART naïve HIV infected people, ART HIV infected people and among
HIV negative people were assessed.

Cardiovascular risk factors in ART naïve HIV infected and uninfected
people.
Published results have indicated that the prevalence of CVD risk factors is higher in
ART naïve HIV infected individuals compared to uninfected individuals (Islam et al.,
2012, Freiberg et al., 2013). In the present study, a higher prevalence of low HDL-C
concentration was observed in the ART naïve HIV infected group compared to the
uninfected group which is in agreement with other studies (Rose et al., 2008, Riddler et
al., 2008, Fourie et al., 2010, Dillon et al., 2013). The lower concentration of HDL-C
among ART naïve HIV infected people is thought to be mediated via an inflammatory
process in which high concentration of serum amyloid A produced in HIV infection tend
to substitute the apoA in HDL-C leading to its increased catabolism (Kontush and
Chapman 2006, Marsche et al., 2013). An association of high viral load with low HDLC concentration previously reported by Rose et al. (2008) and Riddler et al. (2008), was
also observed in the present study. As a low HDL-C concentration is considered second
to age in contributing to CVD risk (Cotter et al., 2011), the low HDL-C concentration in
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the present study may therefore contribute to CVD risk among ART naïve HIV infected
people. Furthermore the proportion of the atherogenic small LDL-particles was higher
in HIV infected than uninfected people conferring increased CVD risk, while no
difference was observed in the proportion of HDL-particles. The regression analysis in
the present study showed that a decrease in waist circumference among ART naïve
HIV infected people was associated with an increase in the proportions of atherogenic
small LDL and HDL-particles, while a decrease in CD4 count was associated with an
increased proportion of small HDL-particles. These associations provide evidence that
if HIV infection is not controlled, there will be increased proportions of the atherogenic
small LDL and HDL particles and reduced proportions of large LDL and HDL particles,
a pattern that promotes growth of an atheroma (Otvos et al., 2006) and possible risk of
CVD events. None of the serum lipids or lipid ratios in ART naïve HIV infected people
in the present study were significant predictors of LDL and HDL particles, indicating that
the serum lipids may not explain the distribution of the subclasses (Otvos et al., 2006).
However, the absence of an association between the serum lipid or lipid ratios with
small LDL and HDL particles among ART naïve HIV infected people in the present study
require further research.

Even though tobacco use, obesity and abdominal obesity in the present study were
similar in ART naïve HIV infected and uninfected people, as was reported in other
studies (Fourie et al., 2010, Carey et al., 2013), there were some gender differences.
Irrespective of HIV status, the use of tobacco was more common in men than in women,
while obesity and abdominal obesity were more common in women than in men. These
findings may be indicative of some societal influences. In most black African
communities, tobacco use by men is culturally accepted (Egbe et al., 2014). Several
other studies have reported higher smoking rates in males than in females (Desalu et
al., 2009, Batista et al., 2013, Gilani and Leon 2013). The association of male gender
and tobacco use observed in the present study and also by Kruse et al., 2014 renders
it a priority group for tobacco cessation. The higher prevalence of obesity and abdominal
obesity in women than in men in the present study was also reported by Grantham and
Henneberg. (2014) and may be driven by cultural values that favours women with large
body size as a sign of fertility, wealth and prosperity (Kanter and Caballero 2012). HIV
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infection has been associated with lower BMI (Dillon et al., 2013) but the present study
showed no change in BMI with infection, a possible indication of an early to mid-stage
HIV infection which was confirmed by a CD4 count of nearly 400cells/mm3. According
to the Framingham risk score in the present study, six in every hundred ART naïve HIV
infected people may suffer a CVD event in the next ten years, and all the people with
this high risk were males. This risk may be associated with the high use of tobacco
among males. Similar to the present study findings, ART naïve HIV individuals with a
high 10 year Framingham risk score in a study conducted in Norway, were all men
(Bergersen et al., 2004).

Several CVD risk factors were similar in ART naïve HIV infected and uninfected people,
and showed no gender difference. Irrespective of HIV status and gender, the intake of
fruit and vegetable was low. In agreement to this finding, a study conducted in a South
African rural and semi-rural area, similar to Dikgale HDSS, found that the intake of fruit
and vegetables in that community was low (Peltzer and Promtussananon 2004).
Overcoming this problem particularly in rural areas may therefore remain a challenge,
as evidence suggests an association of perceived expense, and low income with low
fruit and vegetable intake (Peltzer and Promtussananon 2004, Oguntibeju et al., 2013).
A low level of fruit and vegetable intake may lead to deficiencies in vitamins,
predisposing people to a wide range of diseases including CVD, cancers and cataracts
(Peltzer et al., 2012, Oguntibeju et al., 2013) and may accelerate HIV disease
progression (Nkengfack et al., 2013). Irrespective of HIV status, physical activity was
low among both HIV positive and negative people in the present study. However, a
previous study conducted among women in this community using an objective method
showed that the women were physically active (Cook et al., 2010). Literature suggests
that subjective methods tend to produce higher physical inactivity than objective
methods (Cook et al., 2007), possibly due to recall bias. But participants in the present
study were old, a possible explanation of the high prevalence physical inactivity. The
benefits of physical activity are well documented (Veljkovic et al., 2010, Liu et al., 2012,
Dufour et al., 2013) but these benefits need to be communicated to the community.
According to regression analysis in this study, older age increased the likelihood of
being physically inactive, while the male gender was associated with being physically
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active. Alcohol use was similar for ART naïve HIV infected and uninfected people in the
present study, which was also reported by Fourie et al. (2010). However, among HIV
uninfected people, males used more alcohol than females, while no gender difference
was observed among HIV infected people. Of note is the higher alcohol use in HIV
infected than uninfected women, which may be due to the fact that majority of HIV
infected women were unmarried (Shisana et al., 2014). Consistent with present study
findings, Figueroa-Cosme et al. (2010) reported higher alcohol use in HIV infected than
uninfected women. These findings probably indicate a close relationship of alcohol use
and risk of HIV infection in women. An association of low levels of education and the
use of alcohol was observed among ART naïve HIV infected people in Dikgale HDSS.
In the present study, the mean TG concentration and the prevalence of
hypertriglyceridaemia did not differ by HIV status or gender. Some studies have
demonstrated disparate TG results (Oduola et al., 2009, Fourie et al., 2010, Kumar et
al., 2011). Variations in TG results observed in various studies were attributed to the
difference in the stage of HIV infection, with TG concentration escalating as HIV
infection progresses (Grunfeld et al., 1992, Armstrong et al., 2011). According to the
regression analysis, in the present study abdominal obesity among ART naïve HIV
infected people was a predictor of high concentration of TG in this study.

Lipid ratios (TC/HDL-C, TG/HDL-C, ApoB /ApoA) are regarded as stronger predictors
of CVD than serum lipids (Lewington et al., 2007). However in the present study the
ratios were similar in HIV infected and in uninfected people, with no gender difference.
In agreement to the present study findings Carey et al. (2013) and Daniyam and
Iroezindu (2013) found no difference in lipid ratios between HIV infected and uninfected
people. Evidence from the present study suggests that an increase in viral load will lead
to increased lipid ratios. Thus the similarities observed between HIV infected and
uninfected people in the present study coupled with a CD4 count of nearly 400cells/
mm3 may indicate that participants had an early to mid-stage HIV infection. The
concentration of hsCRP which is a measure of inflammation was not different between
HIV infected and uninfected people and between genders. The present study finding is
supported by Baker et al. (2010) who found a similar concentration of hsCRP in ART
naïve HIV infected and in uninfected people. But Neuhaus et al. (2010) reported a higher
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concentration of hsCRP in ART naïve HIV infected than in uninfected people,
disagreeing with present study finding. According to Lau et al. (2006) and Kuller et al.
(2008) the concentration of hsCRP is dependent on the stage of the HIV infection, with
high concentration present in advanced stage of infection. As participants in the various
studies may be at different stages of infection, the results may therefore be
contradictory. HIV infected males in the present study had a higher concentration of
hsCRP than uninfected males, suggestive of a possible increase in the risk for CVD
(Pearson et al., 2003). This difference may be explained by the high viral load in HIV
infected males, since an association of high hsCRP concentration with high viral load
was previously reported (Lau et al., 2006, Dumitrescu et al., 2013).

The high prevalence of hypertension which was similar in HIV infected and uninfected
rural people in this study, presents a major public health problem. In another study,
hypertension was more common in HIV uninfected than infected people, but these
participants were not age and gender matched (Carey et al., 2013). The present study
found that as HIV infection progressed as marked by decreased CD4 count, the risk of
developing hypertension was reduced. Published results on this association are
however conflicting. An inverse association of HIV infection and BP, which is in
agreement with present study finding, was reported in a meta-analysis of sub-Saharan
studies (Dillon et al., 2013), while other studies found no association between HIV
infection and BP (Bergersen et al., 2003, Lategan et al., 2014). ART naïve HIV infected
and uninfected people in the Dikgale HDSS community had an equal burden of diabetes
mellitus, findings also observed in studies from Australia (Samaras et al., 2009) and
India (Carey et al., 2013). The prevalence of diabetes mellitus was similar for males and
females in the present study, while findings from the DAD study suggested an increased
risk in the male gender. Evidence from the present study, suggests no risk for diabetes
mellitus from HIV infection, but shows increased risk from age and tobacco use,
confirming previous reports (Brar et al., 2007, Capeau et al., 2012). Metabolic syndrome
(MetS) presents a greater risk of developing CVD than its individual components (Calvo
and Martinez 2014). In the present study, ART naive HIV infected and uninfected people
had a similar burden of MetS which showed no gender difference. In agreement with
the present study finding, a study from North West Province of South Africa involving
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both rural and urban dwellers found a similar prevalence of MetS in ART naïve HIV
infected and uninfected people. But a higher burden of MetS in ART naïve HIV infected
than in uninfected people was reported from Cameroon (Ngatchou et al., 2013) and
Italy (Bonfanti et al., 2007). The inconsistencies surrounding the prevalence of MetS
between HIV infected and uninfected people may be due to differences in HIV variables
in study populations. It therefore remains unclear whether the prevalence of MetS is
higher in ART naïve HIV infected than uninfected people.

HIV infected participants on ART
The majority (96%) of HIV infected participants on ART in the present study were on
the 1st line non-nucleoside reverse transcriptase inhibitors. The use of NNRTI was
associated with a low atherogenic lipid profile and could defer occurance of premature
CVD in HIV infected people (Minnaar and van der Merwe 2008, Swanson et al., 2009,
Murphy et al., 2010). In the present study, three of the participants (1.5%) were on the
ATV-based ART option, while 5 participants (2.5%) were receiving d4T-based ART that
has been discouraged due to its toxicity (WHO 2013). The mean ART duration in this
study was 36 months (range: 1-121 months). Most of the participants (85%) had
undetectable viral load and a mean CD4 count of 462 ± 235 cell/mm 3.

Cardiovascular risk factors in HIV infected people on ART.
In this population of HIV infected people on ART, the prevalence of behavioural CVD
risk factors was high. At least one fifth of participants used tobacco and the majority of
these were males. The people on ART are in constant consultations with health care
providers and therefore the prevalence was expected to be lower than that reported in
the general South African population (Stassen, 2013). Thus despite counselling tobacco
use in HIV infected people on ART in this study has remained high. The strongest
predictor of tobacco use among people on ART was male gender, while people with
higher education and who were married were less likely to use tobacco.
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The use of alcohol in the present study was high among males on ART which is similar
to a study from North West Province, South Africa (Van Rooyen et al., 2014). This high
prevalence of alcohol use may suggest a potential for new HIV infections and reinfections, due to risky sexual behaviour (Kalichman et al., 2007, Rehm et al., 2012,
Schneider et al., 2014). The use of alcohol in people on ART as in the general
population, is however still surrounded with controversy. Carter et al. (2011) argued that
alcoholic beverages such as red wine have health benefits and Carrieri et al. (2012)
reported that moderate alcohol use may reduce the risk of coronary disease events.
However, according to Bryant et al. (2006) there is no safe quantity of alcohol intake in
HIV infected people. Thus whether the consumption of alcohol is beneficial or harmful
to HIV infected people on ART remains unclear. Male gender was a predictor of alcohol
use in this study as was also reported by Soboka et al. (2014).

In the present study, most people on ART were physically active (75.8%) similar to a
Malawian study (Muronya et al., 2011). Lower physical activity than in the present study
was reported among Rwandese on ART (Frantz et al., 2013), probably owing to a
different instrument for data collection. Informal discussions with people on ART
revealed that they were more likely to know more on the benefits of physical activity as
they received this information from nurses. Thus the majority engaged in activities such
as walking, jogging, skipping and household chores such as fetching firewood and
water. Males were more physically active than women, a finding suggesting that more
women of all ages on ART need to be encouraged to take up physical activities.

Fruit and vegetable intake among people on ART was low as was reported among adult
Malawians (Muronya et al., 2011) and South Asians (Simkhada et al., 2014) on ART.
Even though none of the available variables could explain the low intake of fruits and
vegetables, most participants in the present study cited non availability of fruits and
vegetables in some villages coupled with unaffordability as reasons for low intake of
fruits and vegetables. The low intake of fruits and vegetables observed in the present
study remain a major challenge as it increases the risk of nutritional deficiencies, CVD
and interferes with HIV disease management (Koebnick et al., 2005, Takahashi et al.,
2010).
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Among the metabolic risk factors, hypertension was observed in nearly a quarter of HIV
infected participants on ART, consistent with a study in Senegal (Diouf et al., 2012) and
Ethiopia (Berhane et al., 2012). However other studies with younger study populations
than the present study reported a lower prevalence (Julius et al., 2011, Edward et al.,
2013, Muhammad et al., 2013, Carey et al., 2013). The prevalence of hypertension was
not different between males and females in the present study. Of the 42 HIV infected
participants on ART with a history of hypertension, approximately 60% had their blood
pressure controlled, while 40% had raised blood pressure. Factors contributing to the
uncontrolled blood pressure are varied including poor adherence to treatment, poor
lifestyle and high salt intake (Faselis et al., 2011). A further investigation on the causes
of uncontrolled blood pressure in this community in order to design an intervention
program is needed. While HIV infected people on ART tend to experience an increase
in BP (Palacios et al., 2006) the relationship of ART and BP is conflicting. Some studies
reported no association (Thiebaut et al., 2005, de Arrunda Junior et al., 2010, Ogunmola
et al., 2014), while others reported an association between ART and BP (Seaberg et
al., 2005, Wilson et al., 2009). According to the present study, regression analysis did
not show a relationship between ART duration and hypertension, but demonstrated age
as a significant preditor of hypertension, adding to the growing evidence that the
traditional risk factors for BP are operating in people on ART (Thiebaut et al., 2005, de
Arrunda Junior et al., 2010).

In the present study, diabetes mellitus in both HIV infected males and females on ART
was low as was reported in other studies (Manuthu et al., 2008, Dave et al., 2011, Julius
et al., 2011, Muronya et al., 2011). A high burden of diabetes mellitus among Indians
on ART as reported by Carey et al. (2013), may be due to their use of stavudine based
ART, shown to have serious effects on glucose metabolism (Kalra et al., 2011). The
use of PIs by majority of Senegalese (Diouf et al., 2012) may explain the high
prevalence of diabetes mellitus. It is possible that the use of newer, better ART
combinations with little effects on glucose metabolism (Noor et al., 2004) may explain
the low prevalence of diabetes mellitus in the present study. Moreover the participants
in the present study were young reducing their risk of developing diabetes mellitus, as
age was found to predict diabetes mellitus in this study, as in a study by (Dave et al.,
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2011). However, cumulative exposure of ART was shown to increase the incidence of
diabetes mellitus in the D.A.D study from United States (De Wit et al., 2008).

Obesity was found in more than a tenth of HIV infected participants on ART in this study
which is similar to a study from Nigeria (Muhammad et al., 2013). However a lower
prevalence of obesity was reported from Ethiopia (Abebe et al., 2014), while a study
from India (Carey et al., 2013) reported a higher prevalence of obesity in people on
ART. Abdominal obesity (visceral lipohypertrophy) experienced with ART was observed
in nearly a quarter of participants in the present study. Other African cohort studies
reported a lower prevalence (Muhammad et al., 2013, Edward et al., 2013), while a
higher prevalence was reported from India (Carey et al., 2013). According to CrumCiaflone et al. (2008), the variations in obesity and abdominal obesity may partly be
explained by differences in ART duration and the different cut-off values for the BMI and
waist circumference used in various studies. The prevalence of obesity and abdominal
obesity was similar in males and females on ART, contrasting the pattern in the general
African populations that shows a higher prevalence of obesity and abdominal obesity in
females than in males (Kanter and Caballero 2012). A possible explanation may be
based on the young age of female participants, in addition to the advice on weight
reduction received by both males and females from nurses.

The prevalence of metabolic syndrome was low and similar in males and in females on
ART. Documented prevalence of metabolic syndrome is varied, possibly resulting from
its heterogeneous nature and variations in prevalence of components (Jerico et al.,
2005, Ayodele et al., 2012, Muhammad et al., 2013, Malangu et al., 2014).

Antiretroviral therapy increases triglyceride (TG) concentration to beyond pre-infection
levels, with early PI inducing substantial TG increases (Hejazi et al., 2013). In the
present study, the prevalence of hypertriglyceridaemia was low, maybe due to the
NNRTI based ART used. The use of stavudine base ART in Ethiopians (Berhane et al.,
2012) and Indians (Carey et al., 2013), may explain the more than twice the prevalence
in these populations. The high concentration of TG in the present study, was more
common in males than in females, as males were significantly older than females.
155

Abdominal obesity and older age in the present study increased the risk of having high
TG concentration, in agreement with Hejazi et al. (2013). On the other hand, the risk of
having a high TG concentration was reduced by increased intake of fruit and vegetables
as has been reported in other studies (Koebnick et al., 2005, Takahashi et al., 2010).

According to Estrada and Portilla (2011) serum HDL-C concentration hardly return to
normal levels in HIV infected people on ART, with NNRTIs giving better improvement
than PIs. Low HDL-C concentrations in people on ART are likely due to the exchange
of TG for cholesterol ester carried in HDL by cholesterol ester transfer protein (CETP)
forming a TG-rich HDL which is rapidly metabolized (Rader 2006). Thus the prevalence
of a low HDL-C concentration is high among people on ART (Julius et al., 2011, Edward
et al., 2013, Muhammad et al., 2013). There was no significant difference in prevalence
of low HDL-C concentration between females and males in the present study. Older
age and high viral load were independent predictors of a low HDL-C concentration in
the present study. These results showed the importance of suppressing the viral load
to minimize the presence of low HDL-C concentration as people on ART age.

High TC concentrations caused by ART were common in participants on ART in this
study which was also reported in other studies (Muronya et al., 2011, Julius et al., 2011,
Edward et al., 2013, Muhammad et al., 2013). There was no difference in the prevalence
of hypercholesterolaemia between males and females in this study. This similarity may
be linked to the similarity in prevalence of abdominal obesity among males and females,
since abdominal obesity in the present study is a significant predictor of
hypercholesterolaemia. None of the participants in the present study was using lipid
lowering drugs, possibly accounting for the high prevalence of abnormal lipid levels.
Lipid ratios are regarded as better predictors of CVD than individual lipids (Lewington
et al., 2007, Duprez et al., 2011). In the present study, a high TC/HDL-C ratio was more
common in males than in females. The regression analysis identified male gender, older
age and longer ART duration as independent predictors of the TC/HDL-C ratio in this
study. These findings have important implications as these variables will intersect at
some point increasing the risk of high TC/HDL-C ratio and development of CVD. A
similar prevalence of the high ApoB/ApoA ratio was found in males and in females. The
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association of ApoB/ApoA ratio with high viral load in the present study indicates the
importance of suppressing the virus load. More males than females had a high
prevalence of high TG/HDL-C ratio, probably due to the older age in males than
females. According to regression analysis, abdominal obesity a common feature in HIV
infected people on ART was associated with a high TG/HDL-C ratio.

The high median CRP concentration in this study as in other studies (Boger et al., 2009,
Borato et al., 2012) indicated possible ongoing inflammation in participants receiving
ART. The levels were however, similar in males and females.

Large LDL and HDL particles are considered less atherogenic than the small particles
(Otvos et al., 2006). In the present study, the majority of people were on EFV + NRTI
regimen and had a lipoprotein subclass profile characterized by a predominance of a
high proportion of large LDL and HDL particles, as determined by the polyacrylamide
gradient gel electrophoresis (PAGGE). The lipoprotein subclass proportions were not
significantly different between males and females. In agreement to the present findings,
studies from developed countries that used the nuclear magnetic resonance
spectroscopy (NMR) to determine particle concentrations, found an association of EFV
+ NRTI with a less atherogenic particle profile consisting of high concentrations of the
large LDL and HDL particles (Stein et al., 2008, Riddler et al., 2008). In the present
study, an increase in CD4 count was associated with an increase in proportion of large
HDL-particles and decreased proportion of small HDL-particles. The presence of
abdominal obesity and a high TG/HDL-C ratio was associated with a decrease in the
proportion of large HDL-particles and an increase in the proportion of small HDLparticles. The association of TG/HDL-C ratio and HDL-particles that predicted CVD
events in HIV infected people on ART (Duprez et al., 2009, Baker et al., 2010) may be
used to estimate the HDL-particles adding more information to CVD risk estimation
since subclasses are not routinely analysed. Perhaps surprisingly, was an association
of increased ApoB/ApoA ratio with increased proportion of large LDL-particles observed
in the present study. In a study conducted in America, ART was shown to increase the
concentration of large LDL-particles but not small LDL-particles (Baker et al., 2011).
Therefore the increase in ApoB/ApoA ratio might be a reflection on the increase in
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proportion of the large LDL-particles, since ApoB is largely present in LDL-particle.
Metabolic syndrome in the present study was associated with an increase in proportion
of small LDL-particles. In contrast, Bittar et al. (2012) found a significant association of
small LDL particles with high TG and low HDLC concentrations in an HIV infected cohort
treated with protease inhibitors.

5-year DAD and 10-year Framingham risk estimation in HIV infected
people on ART.
A low prevalence of high 10-year CVD risk (Framingham risk score ≥ 20%) among HIV
infected participants on ART in this study may be that our cohort was relatively young
and predominantly composed of females. In addition studies have shown a high
prevalence of high 10-year CVD risk with the use of PIs but not with the use of NNRTIs
(Kaplan et al., 2007, Reinsch et al., 2012) that were predominantly used by our cohort.
According to the Framingham risk score, no one of the HIV infected people on ART in
the present study had a high risk of developing a CVD in the next ten years. Although
our study population was young, using the DAD risk equation, 31.1% of participants had
a 5-year moderate to high CVD risk.

Our study found the level of agreement between the Framingham and DAD risk
estimation equations to be 73.8 percent, which was similar to an agreement level of
77.4% reported by Nery et al. (2013). Despite this level of agreement observed in our
study, the Framingham equation underestimated the risk for CVD in 43 of the 164
participants, when compared to the DAD risk score. These results suggest that the use
of the Framingham equation in people infected with HIV receiving ART may lead to the
exclusion of some individuals to benefit from more aggressive CVD prevention. Similar
to our findings, literature suggests that the Framingham equation underestimates the
risk of CVD in Africans [Klug et al., 2015].
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Summary on CVD risk factors in ART naïve HIV infected participants and
in HIV infected participants on ART in the present study.
The present study provides evidence that HIV infected participants naïve to ART and
those on ART residing in rural Dikgale HDSS are not spared from the burden of CVD
risk factors. According to the present study, ART naïve HIV infected participants had a
worse CVD risk profile than those on ART. This finding is in contrast to other studies
that reported higher CVD risk factors among ART than among ART naïve HIV infected
people (Manfredi 2009, Edward et al., 2013, Carey et al., et al. 2013, Kagaruki et al.,
2014). The inconsistency between the present study findings and the above mentioned
studies may probably lie with the difference in the ART combinations used. The majority
of participants in the study by Manfredi et al. (2009) and Kagaruki et al. (2014) were on
PI-based ART while most participants in the study by Carey et al. (2013) were on
stavudine-based ART, drugs associated with CVD risk factors. In the study by Edward
et al. (2013), more than three quarters of participants on NNRTI-based ART, were much
older than those naïve to ART, presumably contributing to higher risk factors in those
on ART. The present study findings are likely a result of the use of NNRTI based ART
coupled with the younger age of those on treatment compared to treatment naïve
participants.

According to Cotter et al. (2011) a low HDL-C concentration is second only to age in
contributing to overall CVD risk suggesting that the risk of not being on ART in terms of
morbidity and mortality maybe greater than the metabolic disturbances attributable to
ART. Evidence from the present study shows that the prevalence of a low HDL-C
concentration was lower in those on ART than in ART naïve HIV infected people. In
addition, ART naïve HIV infected people had twice the prevalence of obesity,
hypertension, diabetes mellitus and metabolic syndrome than people on ART. The
proportions of the atheroprotective large LDL and HDL particles were higher in those
on ART than in ART naïve HIV infected people. Furthermore the majority of people on
ART were physically active, while the majority of ART naïve HIV infected were
physically inactive. However, the prevalence of hypercholesterolaemia was twice as
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high in people on ART than in ART naïve HIV infected people. The fact that people on
ART were aware of their status and showed an understanding of a healthy lifestyle as
briefed during their monthly consultations at clinics, could possibly explain the low
prevalence of some risk factors observed in the present study. Overall, according to 10year Framingham risk score estimation, HIV infected people on ART compared to those
naïve to ART in the present study had a better 10 –year CVD risk score.

Strengths and limitations of the present study
This study is one of the first to reflect on the wide spread roll-out of the ART in a rural
South African population. The study included the analysis of the non-routinely analysed
lipoprotein subclasses in addition to a wide range of CVD risk factors as well as the
determination of the 5-year and 10-year CVD risk, adding on to the prediction of CVD
risk in the rural population of Dikgale HDSS. Dietary intake (fruit and vegetable) and
physical activity in HIV infected people on ART who are constantly receiving counselling
on lifestyle changes as part of HIV care have not been reported from Limpopo Province
and therefore our study provides information that can be used to evaluate the impact of
lifestyle counselling on HIV infected people on ART in Dikgale HDSS. Standardized
techniques were used which included the WHO STEPS questionnaire and the repeated
measurements of BP and HIV, as well as the use of controls in analysing the
biochemical parameters and CD4 count.

There are some limitations within the present study that have to be taken into account
when interpreting our results.


Our study was cross-sectional in design, therefore we cannot conclude that the
associations between covariates and CVD risk factors are causal, but it provides
information that serves as basis for future longitudinal studies.



Information on tobacco use, alcohol use, physical activity and fruit and vegetable
intake was obtained using the WHO STEP questionnaire. This is considered to
be a reliable instrument, however recall bias may have influenced the results.
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We included two (2) HIV negative controls per one (1) HIV infected case, in order
to increase the power of the study (Niven et al., 2012).



Non-random sampling was used to recruit HIV infected participants on ART.
However, recruitment was conducted for a whole month cycle, giving all patients
collecting their medication equal opportunity to participant in the study. We did
not include controls during recruitment, as our goal was to assess the CVD risk
in HIV infected on ART. While our sample may therefore not be representative
of the whole population of HIV infected South Africans receiving ART, we are
not aware of any other study in our HIV infected population that has attempted
to assess the dietary intake and physical activity, lipoprotein subclasses and to
estimate the 10-year CVD risk using the Framingham risk equation. The present
study therefore provides valuable and useful information for comparison with
other published studies from both developing and developed countries.



The Framingham risk equation was not developed for estimation of CVD risk in
HIV infected population, however the NCEP ATP III guidelines for CVD risk
stratification of HIV infected people use the Framingham risk equation for
predicting an individual’s likelihood of suffering CVD in future (Dube et al., 2003)
In addition, the Framingham risk prediction has perfomed reasonably well in HIV
infected patients (Schambelan et al., 2008). Moreover, a good level of agreement
(77.4%) between Framingham risk equation and the DAD (Data collection on
Adverse Effects on Anti-HIV Drugs Cohort) risk equation, developed from results
of HIV infected people was reported (Nery et al., 2013) and some concordance
between the Framingham risk equation, WHO/ISH Risk prediction chart for Africa
and the SCORE equations were reported (Edward et al., 2013).



Since there is no standardized procedure for performing the PAGGE, we adopted
the Invitrogen protocol for running 4-16 % precast gels for separation of markers
with diameter range of 3nm to 30nm. We determined our lipoprotein subclass
proportions using the PAGGE method, while studies on lipoprotein subclasses
in HIV infected people conducted in developed countries used the nuclear
magnetic resonance spectroscopy (NMR) method. Quantification of lipoprotein
subclasses by PAGGE and NMR is based on differences in lipoprotein particle
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size, thus IDL, LDL, and Lipoprotein (a) (Lp (a)) particles whose diameter sizes
overlap cannot be distinguished by these methods (Freedman et al., 1998).
However, investigations by Otvos et al. 1999 showed that Lp (a) even at high
concentrations would not significantly influence the estimation of LDL particle
subclasses. Furthermore, these two methods had a correlation of 0.86 (Blake et
al., 2002) and 70% agreement (Ensign et al., 2006).
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CHAPTER 6

CONCLUSION
The present study obtained high prevalence of low fruit and vegetable intake in both
ART naïve HIV infected people and in people on ART. The association of low fruit and
vegetable intake with hypertriglyceridaemia observed among people on ART may be
indicative of an indirect role of low fruit and vegetable intake in increasing the risk of
CVD. While the prevalence of physical inactivity was high among ART naïve HIV
infected people, the majority of people on ART were physically active.

The ART naïve HIV infected rural population in Dikgale HDSS had significantly lower
levels of lipids than HIV uninfected rural population. The rural population on ART had a
lipid profile that was less atherogenic than people naïve to ART. Higher proportions of
large particles than the small particles of LDL and HDL were observed in people on
ART. A similar pattern was obtained in ART naïve HIV infected people, however the
ratio of large to small particles for HDL as well as for LDL was higher in people on ART
when compared to ratios in ART naïve HIV infected participants.

Except for the prevalence of hypercholesterolaemia, the prevalence for most CVD risk
factors was lower in HIV infected people on ART than in HIV infected people naïve to
ART.

While 5.6% of ART naïve HIV infected people had a high risk of developing CVD in the
next 10-years, none of the people on ART had such a high 10- year CVD risk, according
to the Framingham equation. However, the high proportion of people on ART with a
moderate to high 5-year CVD risk, observed with the DAD risk equation, clearly
represents a considerable health burden in the future that can possibly be reduced by
increasing educational programs on CVD prevention for people on ART.

163

CHAPTER 7
RECOMMENDATIONS
In the present study, a high number of ART naïve HIV infected people over the age of
50 years was observed which is similar to what has been reported from other rural areas
of South Africa (Wallrauch et al., 2010). Therefore greater efforts should be directed at
getting the older age group to screen for HIV.

Routine testing of lipoprotein subclasses in resource limited countries is not practiced
as methods are laborious, while the NMR equipment is expensive. According to present
study findings, the TG/HDL-C ratio can be used to give an indication of the proportions
of large and small HDL-particles that are predictors of CVD events in HIV infection.
More studies of lipoprotein subclasses particularly in black populations on ART, using
NMR are needed to confirm the use of AIP.

While ART is known to increase TG concentration, a high intake of fruit and vegetable
associated with reduced TG concentration in the present stdy, should be encouraged
in people on ART as it may provide a natural means to counteract the effect of ART on
TG concentration.
Long term monitoring of CVD risk factors in people on ART residing in Dikgale HDSS,
at 5-year intervals is needed to confirm current findings.
According to Clarke and Mouse (2009), the cytochrome P450 gene (CYP 3) involved in
ART drug metabolism is expressed differently in Caucasians and in people of African
descent. Based on this evidence there is a need to develop and evaluate a
race/ethnicity-specific CVD risk estimation tool for HIV infected Africans on ART.
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