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During recent years, an HIV-associated lipodystrophy syndrome similar to Metabolic 

Syndrome X has been reported in HIV patients using highly active antiretroviral therapy 

(HAART). While the metabolic processes that appear to be dysregulated are similar to 

those of Metabolic Syndrome X (hyperlipidaemia and an altered insulin sensitivity), the 

changes appear to be more profound. While it is possible that HIV-associated 

lipodystrophy is related to the presence of infection plus genetic and environmental factors 

such as high saturated fat intakes, obesity, smoking and lack of exercise, there is a clear 

distinction between this and Metabolic Syndrome X as in HIV-associated lipodystrophy 

there is concurrent depot specific fat accumulation and fat wasting. This would suggest that 

use of HAART in HIV infection results in altered adipocyte metabolism. 

In order to investigate peripheral clearance and uptake of lipid from the circulation, 

stable isotope labelled fatty acids were given to healthy and HIV subjects with and without 

HAART and with lipodystrophy associated with specific drug combinations. The results 

suggest that while HIV infection is associated with delayed clearance of lipid from the 

circulation, the use of HAART exacerbates this process. In addition, it appears that while 

PI drugs may delay adipocyte clearance of triglyceride from the circulation, NRTI drugs 

may reduce adipocyte free fatty acid uptake. 

An audit of patients with more than six months exposure to HAART (n-545) 

showed that 25% of patients had elevated plasma lipid, 10% had elevated plasma glucose, 

but only 9% had both. While this data did not show an association between specific drug 

classes and elevated plasma lipid or glucose, there was an association with the duration of 

therapy. Therefore, it is possible that HAART contributes to the development of HIV-

lipodystrophy, but that the cause of this syndrome and the metabolic perturbations are 

multifactorial. 
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Chapter 1 Introduction 

1.1 Background to research 

In a healthy individual, metabolism is a demand led process. While demand may 

differ between tissues and over time, the demand must be met in order to maintain structure 

and function. This demand is satisfied by the availability of nutrients within a circulating 

pool. The concentration of macronutrients within this pool is maintained within defined 

levels at all times such that the rate of entry into the pool matches the rate of removal from 

the pool into the tissues. Therefore, concentration is kept constant despite marked changes 

in flux or input. 

Input is derived from a combination of dietary supply (and availability) and 

metabolic transformations within the body (to improve the goodness of fit between supply 

and demand). The relative contribution from each input will change during fasting and 

feeding. The consequences of a mismatch would be reflected as a change in concentration 

within the circulating pool, with consequential changes in structure and function. 

Infection is associated with a re-ordering of priorities mediated by the infective 

response. There is a shift in the balance of a pro and anti-inflammatory state, primarily 

mediated by cytokines with endocrine modulation. This results in a change in dietary 

supply, metabolic transformations, mobilisation of endogenous stores or the magnitude of 

demands. If these changes can be accommodated within the normal control, concentration 

remains constant i.e. if changes are modest. If the changes are too great, this is reflected as 

a change in circulating macronutrients with deleterious effects. The response to infection is 

variable between and within individuals and is dependent on infective load and moderated 

by genotype, programming in early life, lifestyle, plane of nutrition (diet) and body habitus. 

If left untreated, a change in structure and function can occur, which impacts on morbidity 

and mortality. 

The goal of treatment in HIV is to suppress infective burden, modulate the cytokine 

response, re-order priorities and re-establish control such that circulating macronutrients 

return to the normal range. The result is a new state, which reflects the lower infective 

burden, but this is dependent on the effectiveness of therapy, and may be reflected in the 

circulating macronutrients. However, therapy may also exert direct effects independent 

from the effects associated with the reduction of infective burden, either by altering the 

locus of control or the response to the control system, or via a direct toxic effect. Therapy 
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results in an altered state, which may influence structure and function with a consequential 

impact on morbidity and mortality. 

This paradigm is exhibited in HIV patients presenting with profound disturbances in 

macronutrient metabolism expressed as markedly increased plasma triglycerides and 

glucose, insulin resistance and characteristic changes in body habitus. This is important as 

the development of these characteristics, termed collectively as "Lipodstrophy", impacts on 

compliance with therapy and potentially increases the risk of pancreatitis and 

cardiovascular disease. While the literature contains much descriptive information on this 

syndrome, it appears that the characterisation of this alteration in macronutrient metabolism 

is poor. 

The purpose of this programme of research is to explore the processes that regulate 

macronutrient metabolism, specifically lipid metabolism as the most obvious derangements 

are reflected by changes in body fat mass and distribution, and circulating lipid 

concentrations. By studying this we will achieve an improved understanding of how these 

processes are normally controlled and how they may be altered in response to infection and 

treatment. This may help us establish; how control is achieved, factors that effect control, 

the mechanism of control, identify when control is lost; predict how therapeutic 

interventions may affect control and identify ways of improving therapy by moderating 

these effects or developing new drugs. This work is not only of value to HIV, but also other 

metabolic disorders of lipid metabolism that may be mediated through common pathways. 

As a first step, the aim of the studies reported in this thesis is to use stable isotope 

methods developed at the Institute of Human Nutrition to measure the metabolic disposal 

of [1-^^C] palmitic acid, administered in a standardised meal, in order to determine the 

effect of HIV and antiretroviral therapy upon; (1) the contribution of dietary lipid to the 

postprandial plasma triacylglycerol concentration, (2) the contribution of dietary lipid to 

the postprandial plasma non-esterified fatty acid concentration and (3) the extent to which 

the lipid from the meal is oxidised. 



1.2 Outline of Thesis 

This thesis describes work carried out to characterise the metabolic disposal of dietary lipid 

in current and developing hyperlipidaemia associated with HIV infection and the use of the 

two most predominant antiretroviral drug classes, protease inhibitors (PI) and nucleoside 

reverse transcriptase inhibitors (NRTI). The report is divided into chapters, starting with a 

review of the literature describing lipid metabolism in healthy individuals and disease, what 

is already known of disordered lipid metabolism in HIV and lipodystrophy and how stable 

isotopes can be used to study this (Chapter 2); the methods used to facilitate the research 

(Chapter 3); an audit of 545 HIV-positive males to determine factors associated with and 

the prevalence of metabolic alterations (Chapter 4); the results of a study comparing 

postprandial lipaemia in HIV-positive to HIV-negative males (Chapter 5); the results of a 

study examining alterations in postprandial lipaemia before and after short-term HAART 

exposure in an HIV-positive intervention trial (Chapter 6); a comparison of different 

HAART therapies on postprandial lipaemia (Chapter 7); and a general discussion (Chapter 

8). 



Chapter 2 Review of the literature 

2.1 Introduction 

It has long since been recognised that infection can alter the plane of nutrition and 

vice versa. HIV in Africa is often referred to as "Slim Disease" as it results in a severe 

wasting of the body [Serwadda et al. 1985], Where Tuberculosis (TB) and HIV co-exist in 

a patient, the magnitude of wasting is further elevated. A mechanism for this interaction 

between infection and nutrition has been proposed by Macallan (1999) i.e. 

cytokine activation results in 

abnormal protein metabolism, 

loss of lean tissue and loss of fat reserves 

TUBERCULOSIS MALNUTRITION 

Increases risk of morbidity, susceptibility 

and impaired immune function 

This suggests that the way in which infection alters the host plane of nutrition is 

mediated principally by cytokine activation, occurring as part of the host immune response 

to the invading pathogen. This can result in increased energy expenditure, reduced energy 

intake (anorexia) and altered substrate metabolism. In the example of TB, treatment with 

chemotherapy may lead to a repletion of nutritional status fuelled either by an increased 

energy intake, reduced energy demands or by more efficient substrate utilisation [Macallan 

1999a]. 

Therefore, it could be postulated that a reduction in viral burden during HIV 

infection would result also in a nutritional repletion with increased energy intake, reduced 

energy demands and improved substrate utilisation. However, in some effectively treated 



HIV-positive patients, a reduction in viral load is coupled with a wasting of fat tissue in the 

periphery, a central accumulation of body fat, elevated plasma glucose and lipid and 

insulin resistance. It is unclear if this "Lipodystrophy" syndrome is a result of ameliorated 

infective load, a direct toxic effect of the antiretroviral drugs used or an interaction of both. 

This literature review is aimed at providing the reader with a basic understanding of 

the HIV virus and how it interacts with the host. As this thesis is specifically aimed at 

investigating the deranged lipid metabolism observed in this population and in order to 

better understand lipid metabolism per se, this chapter includes a review of lipids and what 

is known of how lipids are metabolised in healthy subjects. Once lipid metabolism has 

been reviewed, the chapter discusses the immune and metabolic responses of the host to 

HIV infection with specific reference to alterations in the handling of lipid. The classes of 

antiretroviral drugs currently available and sites at which these work is also then discussed, 

followed by a more detailed presentation of the literature published on Lipodystrophy 

syndrome. 

2.2 HIV infection and life cycle 

The Human Immunodeficiency Virus is of the subfamily Lentivirinae and is a 

retrovirus containing ribonucleic acid (RNA) instead of deoxyribonucleic acid (DNA). A 

viral reverse transcriptase enzyme synthesises viral DNA from the viral RNA upon cell 

infection (Figure 2.1). The pro virus or viral DNA becomes incorporated into the host DNA 

and either remains latent, being passed to daughter cells as the host cell replicates or 

replicates within the cell to produce large numbers of viral proteins which assemble to 

form virions (immature virus particles). After release from the cell, the virions mature and 

infect other cells, repeating the process. 

HIV infection is transmitted through sexual contact, injecting drug use, receipt of 

contaminated blood or blood products and from mother to infant, mainly through childbirth 

and possibly breastfeeding where the virus is carried in infected CD4 T cells or as free 

virus in blood, semen, vaginal fluid or milk. All routes of infection eventually result in the 

virus being established within lymph nodes [Gotch 1999]. The HIV-1 virus has a specific 

affinity for CD4 T lymphocytes (a subset of T cells that express the CD4 molecule on the 

cell surface) causing a reduction in CD4 T cell population and function. However, binding 

of the HIV virus to CD4 surface protein is not sufficient to allow the virus to enter the cell, 

secondary coreceptors, such as transmembrane G-coupled receptors are required. Seven 

coreceptors have been identified and include CCR5, CCR2b and CCR3 (all ^-chemokine 



receptors), and CXCR4 (an a-chemokine receptor). Thus P-chemokines such as RANTES 

may play a role in resistance to infection through competition for receptor binding [Gotch 

1999]. The CD4 T cells are helper T cells, which activate both the B cell and cytotoxic T 

cell immune responses. The function of the T cell surface receptor is to bind antigens that 

are complexed with the body's own plasma membrane proteins called major 

histocompatability complex (MHC) proteins. There are two classes of MHC proteins, class 

I (found on the surface of all nucleated cells) and class II (only found on the surface of 

macrophages, B lymphocytes and several macrophage like cells i.e. dendritic cells and 

keratinocytes). Helper T cells are only activated by antigens bound to MHC Class II 

proteins [Vander, Sherman & Luciano 1994]. Upon activation, the helper T cells secrete 

protein messengers called cytokines, which act on cytotoxic T cells and B cells that have 

also bound antigen. Without cytokine stimulation, binding of the antigen to the cytotoxic T 

cells and B cells is not usually enough to cause activation of these cells. Once the cells are 

activated, the cytotoxic T cells bind to the antigen presenting cells and release cytotoxic 

chemicals, while the B cells produce antibodies that guide phagocytes, complement and 

natural killer cells to the antigen presenting cells or free antigen. HIV-1 virus binding 

causes impairment in this process, known as cellular immunity, resulting in the reduced 

destruction of virus infected cells, parasites and cancer cells. CD4 cell count is used in 

conjunction with viral load and the presence of opportunistic infections to establish the 

stage of HIV disease (Table 2.1) and to determine which therapy or therapies may be most 

effective. Various opportunistic infections and tumours such as Pneumococcal pneumonia, 

pulmonary tuberculosis, and Kaposi's sarcoma and B cell lymphoma are associated with 

each stage of HIV infection. In addition to directing the immune response to viral or 

pathogen challenge, cytokines alter host metabolism, including lipid metabolism possibly 

in order to fuel this immune process. 



Table 2.1 CD4 count, stage of HIV infection and the approximate duration of 

each stage (adapted from Fahey J. & Fleming G. AIDS/HIV Reference 

Guide for Medical Professionals 4th Ed. Baltimore: Williams & 

Wilkin:, 1996:106) 

Stage of HIV CD4 Count Range Duration 
Acute infection 1000-750 1-4 weeks 
Asymptomatic 750-200 2-15+ years 
Early symptomatic 500-100 1-5+ years 
Late symptomatic 50-200 1-4+ years 
Advanced disease 50-0 0-2+ years 



Figure 2.1 The replication cycle of a retrovirus within the host including entry into 

a host cell, replication and release back into the circulation (adapted 

from Weiss, 1988). 
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1. The virus particle has a diploid RN A genome 

2. Infection occurs via specific cell surface receptor proteins such as CD4 and CCR5 

3. Reverse transcriptase makes a DNA copy of the viral RNA genome 

4. The provirus enters the nucleus 

5. The provirus is integrated into the host's chromosomal DNA 

6. The provirus is transcribed to RNA genomes and messenger RNA (mRNA) 

7. mRNA is transcribed to viral proteins 

8. Viral protease enzyme modifies the viral proteins for incorporation into virions 

9. The RNA genomes are packaged into progeny virions 

For a more detailed description of virus/host interactions, see Appendix 5.2 



2.3 Postprandial lipid metabolism in healthy individuals 

In order to discuss hyperlipidaemia, it is first important to understand what happens 

to lipid in a healthy individual. As the majority of our day is spent in the postprandial 

period, the metabolic response to a meal is likely to give more information on metabolic 

competence than a single fasting value, especially as fasting TAG and glucose levels are 

influenced by preceding diet, alcohol consumption [Mann & Chisholm, 1999] and 

exercise, among other factors. Just as the glycaemic response to feeding is used to assess 

diabetes control, the lipaemic response to feeding could be used to assess disordered lipid 

metabolism. Before discussing the lipaemic response to a meal, the processes of lipid 

digestion, absorption and transport in the circulation will be discussed, followed by a brief 

review of the cellular uptake and metabolism of fatty acids from the circulation. 

2.3.1 Digestion 

Most of the lipid in the diet is in the form of triacylglycerol (TAG), consisting of 

three fatty acids with a glycerol backbone. In the small intestine, pancreatic lipase 

catalyses the removal of the fatty acids from position 1 and 3 on the glycerol backbone to 

produce 2-monoacylglycerol (MAG) and two free fatty acids [Tso 1985]. Due to the 

hydrophobic nature of the lipid, TAG in the small intestine congregates into large lipid 

droplets. As the pancreatic lipase is a water-soluble enzyme, it is only able to work on the 

outside or hydrophilic surface of the lipid droplet. This would make lipid digestion very 

slow and therefore, emulsification occurs to produce smaller lipid particles and provide the 

enzyme a larger substrate surface area [Frayn, 1997]. The lipid emulsion is achieved by 

mechanically disrupting the large lipid droplets through contraction of the lower portion of 

the stomach and small intestine, while bile salts and phospholipids from the diet and from 

bile act as emulsifying agents. These amphipathic emulsifiers associate with the non-polar 

interior of the smaller lipid droplet while the polar region remains at the droplet surface to 

repel other lipid droplets, preventing the smaller lipid droplets aggregating into larger 

droplets. These small, emulsified lipid droplets are typically 1 fim in diameter allowing the 

pancreatic lipase to hydrolyse the TAG. Following this hydrolysis, smaller molecules are 

formed (4-6 nm) called mixed micelles consisting of MAG, free fatty acids, bile salts, 

phospholipids and fat-soluble vitamins [Frayn, 1997]. 



2.3.2 Absorption 

Micelle formation allows the movement of hydrophobic material through the 

aqueous environment within the gut to the surface of the absorptive cells. Fatty acid 

binding proteins have been identified within the enterocyte, but it remains unclear whether 

these proteins have a role in the uptake of fatty acids from the gut lumen or if fatty acids 

cross the intestinal cell membrane by simple diffusion [Frayn, 1997]. 

Within the enterocyte, lipid is re-esterified to TAG and packaged with 

phospholipids, cholesterol, fat-soluble vitamins and apoprotein B48. The enterocyte 

membrane then surrounds these compounds and buds off into the interstitial fluid to form 

chylomicrons. These are large, buoyant lipoproteins (approximately l|im in diameter) that 

pass through the large slit pores of the lacteal wall into the lymph and are then transported 

to the systemic circulation via the lymphatic system. 

2.3.3 Plasma triacylglycerol 

TAG within the circulation is carried in lipoproteins and the measurement of total 

plasma TAG concentration incorporates the TAG in the lipoprotein fractions produced 

either by the gut and containing dietary lipid or the liver. In the fasting state, the majority 

of plasma TAG would probably be found in liver derived lipoproteins. In the postprandial 

period, some contribution to the plasma TAG would be expected by gut derived 

lipoproteins. The postprandial lipaemic response to a meal represents the influx of gut-

derived lipoproteins containing dietary lipid into the circulation and the subsequent 

clearance of these particles from the circulation. Measurements of plasma TAG 

concentration following a meal in healthy individuals have indicated that the magnitude of 

this postprandial response increases with age and is influenced by the macronutrient 

composition of the meal and the previous diet [Bennoson 2000]. The body composition of 

the individual and the duration and timing of exercise relative to eating [Gill et al. 2001] as 

well as whether or not a person smokes [Mero et al. 1997] have also been shown to 

influence this response. 
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2.3.4 Lipoprotein classification 

A typical lipoprotein consists of a hydrophobic core containing TAG, cholesteryl 

ester, and the hydrophobic regions of amphipathic phospholipids, free cholesterol and 

apolipoproteins, with a hydrophillic surface composed of the hydrophillic regions of the 

amphipathic molecules [Frayn 1997]. The lipoprotein classes can be isolated from plasma 

on the basis of their size, density and content (Table 2.2). The removal of the TAG-rich 

chylomicron and very low-density lipoproteins (VLDL) from the circulation involves the 

removal of the TAG core by enzymatic hydrolysis. However, following hydrolysis not all 

TAG is removed from these lipoprotein particles and the generated 'remnants' of both 

chylomicrons and VLDL can be mistaken for other lipoprotein classes. While 

chylomicrons are derived from the enterocyte and transport dietary lipid to the tissues, 

VLDL are synthesised by the liver and carry TAG from the liver to the tissues (Figure 2.2). 

However, both lipoproteins are referred to as TAG-rich lipoproteins. The smaller 

lipoproteins, LDL, IDL and HDL, are more involved with the transport of cholesterol to 

and from cells [Frayn 1997]. 

11 



Table 2.2 Lipoprotein properties used to identify isolated lipoproteins, such as the 

diameter and density of the lipoprotein, and the typical composition 

and apolipoproteins associated with chylomicrons (CM), very low 

density lipoproteins (VLDL), intermediate density lipoproteins (IDL), 

low density lipoproteins (LDL) and high density lipoproteins (HDL). 

PROPERTY CM VLDL IDL LDL HDL 
Diameter (nm) 100-500 30-80 25-30 20-35 fMO 

Density (kg/1) <0.95 <1.006 1.006-
1.019 

1019-
1063 

>1.063 

COMPOSITION 
Approx. % 

TAG 90 65 35 10 5 
Cholesterol 5 20 40 50 35 
Phospholipid 5 10 15 20 35 
Protein 1 5 10 20 25 
APOLIPOPROTEIN 

COMPOSITION 
Listed in descending 
order of amount (A) (A) 

B 
(C^,A) 

B A,C^ 
(B) 
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Figure 2.2 Endogenous and exogenous lipid metabolism showing the integration of 

the lipoprotein fractions (adapted from Smith 1998). 
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2.3.5 Entrapment 

The partitioning of lipid within the body in both the postabsorptive and 

postprandial state, requires the effective integrated regulation of several different systems 

operating concurrently in different tissues within the body. At the heart of this regulation 

lies the balance between the processes of TAG hydrolysis resulting in fatty acid release 

into the circulation, their subsequent uptake into tissues and the re-esterification of these 

fatty acids into TAG (storage) or metabolism (mitochondrial or peroxisomal oxidation) 

within tissues. Hyperlipidaemia represents an imbalance between the rate at which lipid 

enters the circulation and its clearance by peripheral tissues such as muscle and adipose 

tissue, or removal by the liver. 

Peripheral clearance requires a combination of endothelial LPL to release fatty 

acids from circulating TAG-rich particles and the effective trapping of the fatty acids that 

are released by hydrolysis, a process known as entrapment (Figure 2.3). Efficient 

entrapment is likely to occur through a demand led process, co-ordinated by the cell in 

response to the intracellular metabolism of fatty acids. The signalling processes that link 

the endothelial phase of TAG hydrolysis and the subendothelial phase of fatty acid uptake 

and metabolism remain unclear, but an impairment in the co-ordinated control of these 

processes could lead to less efficient entrapment of fatty acids from the circulation, 

resulting in an increased flux of KEF A to the liver. This would provide fatty acids for 

VLDL synthesis and export back into the circulation, serving to maintain or elevate plasma 

lipid concentrations, depending on the extent of dysregulation. 
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Figure 2.3 The principle of fatty acid entrapment. TAG-rich chylomicrons in the 

circulation are hydrolysed by the lipoprotein lipase enzyme, which is 

attached to the vascular endothelium by a heparin stalk. The generated 

free fatty acids are released from the chylomicron into the circulation 

and diffuse down a concentration gradient towards the cell. The cell 

probably through a combination of diffusion and protein-mediated 

transport can then take up fatty acids. Once inside the cell, the fatty 

acids can be stored or oxidised to generate energy. 
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2.3.6 TAG rich lipoprotein hydrolysis 

In the circulation, the chylomicron or other TAG rich lipoprotein is exposed to 

hydrolysis and release of TAG by the enzyme lipoprotein lipase (LPL), which is stimulated 

by insulin [Frayn 1997]. This enzyme is particularly abundant on the vascular endothelial 

surface of adipocytes and skeletal muscle cells and is attached to the surface by a heparin 

stalk. Chylomicrons have been shown in vitro to have a higher binding affinity for the LPL 

enzyme than VLDL, which in turn has a higher binding affinity for LPL than LDL [Xiang 

etal. 1999]. It was thought that LPL availability was one of the key determinants of TAG 

clearance from the circulation [Sniderman et al. 1997]. However, it has been shown that 

LPL activity is greatly in excess of normal requirements and that the correlation between 

local LPL activity and TAG storage in adipose tissue is poor [Montague etal. 1998]. 

Following LPL action the generated free fatty acids can be taken up by the 

adipocyte or skeletal muscle cell. This process is thought to be a combination of diffusion 

and a carrier-mediated process involving specific fatty acid binding proteins, fatty acid 

translocase and fatty acid transport protein [Bonen et al. 1998; Turcott et al 1997]. 

2.3.7 Fatty acid transport across cell membranes 

The relative importance of diffusion or protein-mediated transport for the 

movement of fatty acids across cell membranes remains in dispute. However, increasing 

numbers of proteins are being associated with this process. The following sections review 

what is known of these proteins, their regulation and the environment in which they 

function. 

2.3.7.1 Plasma membrane fatty acid binding protein (FABPpm) 

This is a 40 kDa protein expressed on the plasma membrane of liver, adipose, 

cardiac muscle, intestine and vascular endothelial tissue, as well as on internal membranes 

[Stremmel e? a/. 1985a,b; Sorrentino 1988; Schwieterman et al. 1988; Calles-

Escandon et al. 1996]. The FABPpm protein sequence has been found to be identical with 

that of mitochondrial aspartate aminotransferase (m Asp AT) [Berk et al 1990; Zhou et al. 

1995] and the capacity of this protein to take up fatty acids is increased three-fold in the 

presence of zinc [Isola et al. 1995]. Antibodies to FABPpm can partially inhibit fatty acid 
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uptake in various cell types [Stremmel 1988; Stremmel et al. 1986; Zhou et al. 1994; Berk 

et al. 1990; Luiken et al 1999] suggesting FABPpm has a role in this process but is not the 

sole mechanism of uptake. There is some evidence that increases in plasma free fatty acid 

and muscle fatty acid oxidation can increase FABPpm concentration [Turcotte et al. 1997]. 

In vitro, alcohol has been shown to increases FABPpm resulting in the increased 

accumulation of lipid droplets within chronically treated cells [Zhou et al. 1998] but the 

regulation of this protein in vivo is still unclear. 

2.3.7.2 Fatty acid translocase (FAT)/CD36 

This 88 kDa protein was identified in adipocytes [Harmon et al. 1991, 1992] but is 

also expressed in vascular endothelium, heart, intestine, monocytes, macrophages, 

platelets, spleen and skeletal muscle [Abumrad etal. 1993; Greenwalt etal 1995; Martin 

et al. 1997; Memon et al. 1998; Poirier et al. 1996]. This protein stretches across the 

membrane and has a large extracellular hydrophobic domain, which is thought to act as a 

fatty acid binding pocket [Abumrad et al. 1993]. FAT/CD36 knockout mice have a normal 

lifespan, fertility and phenotype but exhibit reduced macrophage function, decreased 

adipocyte fatty acid uptake and reesterification with elevated plasma HDL cholesterol, 

VLDL-TAG and free fatty acids, and low plasma fasting glucose concentrations [Febbraio 

etal. 1999]. In contrast, mice that over express this protein in muscle show a reduced body 

fat, lower plasma TAG and free fatty acids with an elevated plasma glucose concentration 

and fatty acid oxidation during exercise [Ibrahimi et al. 1999]. FAT/CD36 is upregulated 

in response to PPARy agonists, such as troglitazone, and PPARa agonists [Martin et al 

1997], long chain fatty acids [Han et al 1999], oxidised LDL, retinoic acid receptor (RXR) 

activators [Amri et al. 1995] and cellular cholesterol [Nagy et al. 1998]. 

2.3.7.3 Fatty acid transport proteins 

There are currently six of these proteins identified in humans (hsFATPl-6) 

following discovery in the mouse (mmFATP) [Hirsch et al. 1998]. There appear to be site-

specific differences in the expression of these proteins and hsF ATP4 is found in high 

concentrations within jejunum and ileum [Fitcher etal. 1998] suggesting a role in the 

uptake of fatty acids from the gut. Upregulation of mmFATP 1 occurs in response to 

PPARa activators, such as fenofibrate, in mouse liver and the PPARy activators, 
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troglitazone and pioglitazone in adipose tissue [Motojima et al. 1998]. The naturally 

occurring ligands of PPARy-RXR, 9-cis retinoic acid and linoleic acid, can also upregulate 

mmFATPl [Frohnert et al. 1999] and mmFATPl is downregulated in adipose tissue in 

response to insulin [Man et al. 1996], TNFa and IL-1 [Memon et al. 1998]. 

2.3.7.4 Caveolin and Caveolae 

Caveolin is a 22kDa protein with a high binding affinity for fatty acids, shown to be 

integral in the membrane of preadipocytes and adipocytes [Gerber et al 1993; Trigatti et 

al. 1991] and a structural part of caveolae, omega shaped invaginations of the plasma 

membrane with a diameter of 50-100nm found predominantly in adipocytes, fibroblasts, 

myocytes and capillary endothelium [Gumbleton et al. 2000]. Caveolae are free cholesterol 

rich domains and caveolin binds cholesterol to regulate cellular cholesterol homeostasis 

[Fielding & Fielding 2000]. Cholesterol depletion in adipocytes results in the gradual 

destruction of caveolae structures and reduced insulin stimulated uptake of glucose by the 

cell, as the caveolae have been found to be associated with the tyrosine phosphorylation of 

the insulin receptor substrate, IRS-1 [Parpal et al 2001]. In addition, membrane cholesterol 

concentration can regulate signal transduction [Fielding 2001] and caveolae 

compartmentalise and integrate a wide range of signal transduction processes [Campbell et 

al. 2001]. The signalling proteins that reside in the caveolae are regulated, to an extent by 

caveolin proteins [Schlegel & Lisanti 2001]. Some pathogens, including viruses such as the 

Simian Virus 40, can enter the cell via the caveolae resulting in their transport intact into 

the endoplasmic reticulum [Pelkmans et al. 2001] and an altered host-pathogen interaction 

[Norkin 2001]. Although caveolin has been shown to have a high binding affinity for fatty 

acids, it is unclear if, additionally, free fatty acids enter the cell via the caveolae unbound 

to caveolin. 

2.3.8 The fate of the fatty acid within the cell 

Fatty acids that are taken up by the cell can either be oxidised to produce energy, 

reesterified to TAG and stored for later use, incorporated into the cell membrane or used in 

the synthesis of lipid signalling molecules or other lipid structures. While there is little 

known of the regulation of intracellular fatty acid partitioning, a reasonable body of work 

exists describing the control of fatty acid oxidation and several theories exist for the 
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regulation of this process. The potential role for the acylation stimulating protein (ASP) in 

the regulation of fatty acid reesterification is also discussed. 

2.3.8.1 Fatty Acid Oxidation 

Fatty acids are oxidised primarily within the liver, cardiac and skeletal muscle. 

Upon entering the cell, the enzyme fatty acyl-CoA synthetase esterifies the FFA's to 

produce acyl coenzyme A (ACoA), which is then transported across the mitochondrial 

membrane. This transport is mediated by carnitine and the enzyme carnitine 

palmitoyltransferase I (CPT-I), which transports long chain fatty acids into the 

mitochondria (figure 2.4). Inside the mitochondria, acyl CoA is converted to acetyl CoA by 

the enzymes of the pathway. ATP is then generated through oxidative phosphorylation 

from the energy produced by ^-oxidation of fatty acids and the oxidation of acetyl CoA in 

the tricarboxylic acid cycle. The rate of FFA oxidation is regulated at the tissue level 

[Rasmussen & Wolfe 1999] as, at rest, approximately 70% of the FFA released by 

adipocytes into the blood are recycled back into TAG [Wolfe et al. 1990]. This TAG-FFA 

cycling allows rapid changes in fatty acid oxidation, for example at the onset of exercise, 

without the need for rapid changes in lipolysis within the adipocyte. 

Regulation of FFA oxidation by skeletal muscle can occur at three potential sites; 

(1) the uptake of fatty acids by the cell, (2) enzymatic regulation, particularly of CPT-I, or 

(3) enzymatic regulation of the (3-oxidation enzymes within the mitochondria. Research 

has shown that during exercise, fatty acid uptake by muscle is a saturable process [Turcotte 

et al. 1992] and prior treatment of cells with protease reduces FFA uptake [Stremmel et al. 

1985] indicating that uptake of FFA is a carrier mediated process. In addition to the fatty 

acid binding proteins in the plasma membrane (FABPpm), fatty acid binding proteins have 

been identified within the cytosol (FABPc) which may play a role in the distribution of the 

fatty acid once inside the cell, although the physiological relevance of these proteins is yet 

to be determined [Rasmussen & Wolfe 1999]. However, an increase in plasma FFA 

concentration has been shown to cause a corresponding increase in FFA uptake without 

increasing FFA oxidation [Issekutz et al 1967]. Therefore, it is more likely that FFA 

oxidation is controlled by factors within the cell. 

The CPT-I enzyme is inhibited by malonyl-CoA, which is synthesised from acetyl-

CoA by the enzyme acetyl-CoA carboxylase (ACC) [McGarry et al 1983]. This synthesis 

is the first step in lipogenesis within the liver, however, skeletal muscle is a non-lipogenic 
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tissue and it is thought that malonyl-CoA exists in skeletal muscle specifically to regulate 

FFA oxidation via inhibition of CPT-I [Winder et al 1989]. ACC is activated in the 

presence of glucose and citrate [Saha et al. 1997] and inhibited by AMPK activity. AMPK 

is a protein kinase, which increases activity when muscle contracts [Hutber et al 1997] in 

response to elevated free levels of AMP and reduced ATP within the cell [Hardie & 

Carling, 1997]. 

The Randle Hypothesis [Randle et al 1963] proposes a glucose-fatty acid cycle 

whereby FFA oxidation directly inhibits glycogen and glucose oxidation. However, 

Rasmussen & Wolfe (1999) have suggested that glucose availability determines the mix of 

FFA oxidation and glucose oxidation, as glucose inhibits carnitine acyltransferase, thus 

reducing the entry of fatty acids into the mitochondria. It is possible that glucose and fatty 

acids interact synergistically in both of these ways, as these two studies were carried out 

under different physiological conditions (clamp versus mixed meal), suggesting that 

regulation of this process may alter with both the oxidative demand and substrate 

availability. 
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Figure 2.4 Proposed regulation of muscle fatty acid oxidation in the fed state. The 

three potential sites for fatty acid oxidation regulation are; the uptake 

of fatty acids by the cell, the enzymatic regulation of CPT-I, and the 

enzymatic regulation of ^-oxidation by mitochondrial enzymes 

(adapted from Rasmussen & Wolfe, 1992) 
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2.3.8.2 Reesterification of fatty acids within the adipocyte 

This process is stimulated by insulin and inhibited by growth hormone and leptin 

[Kersten 2001] possibly through the action of acylation stimulating protein (ASP). 

Intraperitoneal injection of ASP in normal and obese mice accelerated TAG clearance 

following an orally administered fat load as well as reducing postprandial glucose levels 

[Saleh etal. 2001]. ASP is a 76 amino acid fragment of the third component of 

complement (C3), which is generated by the interaction of adipsin and factor B with C3. 

C3-deficient mice, and therefore ASP-deficient mice, given oral fat loads show; a delayed 

postprandial triglyceride clearance more pronounced in males compared to females and in 

both males and females, the differences were more pronounced in the second half of the 

postprandial period; and elevated fasting and postprandial free fatty acid (FFA) [Murray et 

al. 1999b]. There are two functional domains in ASP, one that is responsible for the initial 

binding to the cell surface receptor, and a second domain that activates and increases 

triacylglycerol synthesis stimulation [Murray et al. 1999a]. Chylomicrons, but not the other 

plasma lipoproteins or fatty acids, activate the generation of ASP by cultured human 

adipocytes and ASP may interact with LPL to regulate the release of fatty acids from the 

chylomicron [Sniderman et al 1997]. Therefore, ASP can potentially regulate both the 

supply of fatty acids to the adipocyte and the uptake of these fatty acids via maintenance of 

a concentration gradient for diffusion within the cell by channelling fatty acids into TAG 

synthesis. The relative importance of this protein in the regulation of fatty acid hydrolysis, 

uptake and intracellular trafficking is, however, largely unknown. 

2.3.9 Fatty acids in the circulation 

The efficiency with which the cell entraps the fatty acids determines how much free 

fatty acid remains in the circulation. In order to regulate the transport of these hydrophobic 

molecules, the majority of free fatty acids that are not taken up by the cell bind to the 

protein albumin in the circulation to become non-esterified fatty acids (NEFA's). A 

chylomicron or other TAG rich lipoprotein remnant is also formed following the LPL 

action. NEFA's can be taken up by the liver or cells in the periphery and there is some 

evidence that plasma NEFA and free fatty acid concentrations can act as signals to regulate 

insulin secretion. 
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2.3.9.1 Free fatty acids and hepatic lipoprotein synthesis 

NEFA's and lipoprotein remnants can be removed from the circulation by the liver, 

which uses unesterified cholesterol from the lipoprotein remnant plus the NEFAs 

(reesterified to TAG) along with apoproteins B and E to synthesise very low-density 

lipoprotein (VLDL). A fatty acid binding protein specific to the liver (L-FABP) takes up 

fatty acids from the circulation into the liver [Huang et al 2002] and there is a direct 

correlation between hepatic L-FABP concentration and the rate of hepatic fatty acid uptake 

[Wolfram e? a/. 1999] and reesterification [Prows e/* a/. 1995]. Studies in animal models 

show that an increase in plasma fatty acid concentration also increases the rate at which the 

liver takes up fatty acids from the circulation [Bucki et al. 1997], suggesting that the 

circulating fatty acid concentration may upregulate L-FABP expression. Chylomicron 

remnant and VLDL remnant uptake is mediated by binding with the LDL receptor related 

protein (LRP) and the LDL receptor [van Berkel et al. 1995] and hydrolysis by hepatic 

LPL [Hussain era/1997]. 

Increased hepatic cholesteryl ester (CE) synthesis catalysed by the enzyme Acetyl 

coenzyme A; cholesterol acyl transferase (ACAT-1) results in increased CE incorporation 

into VLDL and increased hepatic release of VLDL. Spady et al. (2000) hypothesised that 

fatty acids regulate ACAT-1 activity through the LDL receptor pathway. VLDL secreted 

into the circulation can then be hydrolysed by LPL in the periphery allowing transport of 

the lipid from the liver back to the tissues. 

2.3.9.2 Free fatty acids and insulin secretion 

As insulin is known to regulate the action of lipoprotein lipase, it is an important 

determinant of fatty acid uptake into the cell. While insulin can influence this process, 

there is also debate on the influence of plasma free fatty acid concentration on the 

synthesis and secretion of insulin from the pancreas. The literature on free fatty acids and 

insulin secretion appears very confusing. The in vivo studies and the in vitro studies appear 

to conflict in places, although there does appear to be both a direct action of free fatty acids 

on the pancreatic P-cells that synthesize insulin and an indirect effect of free fatty acids via 

alterations in glucose production and utilisation. 

In vitro, pre-exposure of p-cells to elevated FFA levels for 48 hours reduces the 

insulin response to 27mmol/l glucose by 40% [Zhou & Grill 1995]. While this is obviously 
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not a physiological dose of glucose, the authors did find that the inhibition was partially 

prevented by etomoxir, a CPT-1 inhibitor suggesting that FFA's require transport into the 

P-cell mitochondria to exert at least part of this inhibitory effect. In vivo, acute elevation of 

plasma NEFA achieved either through a TAG and heparin infusion [Hennes et al. 1997; 

Chalkley et al. 1998] or a high fat meal plus heparin [Balasse & Ooms 1973] were found to 

enhance glucose-induced insulin secretion. This may indicate different responses of the P-

cell to chronic and acute elevation of plasma NEFA. However, in patients with NIDDM, 

hyperinsulinaemia is observed in the presence of chronically elevated plasma NEFA 

[Reaven et al. 1998]. This apparent inconsistency may be explained by the direct actions of 

FFA on glucose metabolism and thus glucose-stimulated insulin response. Elevated plasma 

FFA concentrations are known to reduce whole body glucose uptake, oxidation and 

glycogen synthesis [Roden et al. 1996; Boden et al 1999]. These effects are thought to be 

due to FFA inhibiting membrane transport of glucose, glucose phosphorylation and 

glycogen synthase [Randle et al. 1963], in addition to inhibition of pyruvate 

dehydrogenase to reduce glucose oxidation and promote the release of gluconeogenic 

precursors into the circulation for hepatic gluconeogenesis in the so-called glucose fatty 

acid cycle [Randle et al 1963]. Other studies have reported that reduced insulin-mediated 

glucose disposal [Gargetal. 1988] and hyperinsulinaemia [Steiner 1984] are 

associated with elevated plasma TAG concentrations supporting a role for FFA generated 

from lipoproteins in insulin secretion and action. 

2.4 Stable Isotope Tracers in Postprandial Lipid Studies 

In order to study the alteration in lipid metabolism that occurs with lipodystrophy 

in vivo, a method is required that allows the investigator to follow the metabolism of a 

substrate within the body without influencing the metabolic fate of that substrate. Stable 

isotope labelled substrates provide this and can be administered in such small amounts so 

as not to provide extra substrate and therefore alter the macronutnent composition 

presented to the gut. Fatty acids labelled with stable isotopes of carbon allow a non-

invasive method of studying lipid metabolism in vivo that does not carry the risks 

associated with the use of radioactive isotopes. 

Most elements exist in a commonly found form, for example [^^C], and less 

common forms or isotopes, for example, [̂ ^C] and [''̂ C]. The heavy isotope [̂ '̂ C] is not 

stable and decays, emitting radioactivity. While this isotope has been previously used to 

24 



label compounds fed to animals, it is not ideal for use in humans. Therefore, the stable 

isotope of carbon, [̂ ^C], is now commonly used to label compounds administered to 

human subjects. The metabolic fate of compounds such as fatty acids (figure 2.5) can then 

be traced by measuring the change in the ratio in plasma lipid fractions, on breath 

or in the body compartment of interest over time, using a gas chromatography combustion 

isotope ratio mass spectrometer (GC-C-IRMS) [Brenna et al 1992]. 

Previous studies have used [̂ ^C] labelled fatty acids to examine the extent of 

elongation or desaturation of specific dietary fatty acids following digestion and absorption 

from the gut [Emken et al. 1993]. Other studies have used [̂ ^C] labelled fatty acids to 

examine the influence of fatty acid chain length and degree of saturation on the absorption 

and metabolic fate of specific fatty acids [Jones et al. 1999]. Isotopically labelled 

compounds have also been used in clinical tests for the diagnosis of bile acid 

malabsorption [Fromm & Hoffman 1971], fat malabsorption [Schwabe et al. 1962], lactose 

intolerance [Sasaki etal 1970] and liver function [Lauterburg & Bircher 1976]. While 

these clinical tests employed primarily [̂ ^C], with the recommendations of Schoeller et al. 

(1977), the safer isotope [̂ ^C] can also be used to conduct these tests. 

While there is a growing body of literature discussing the use of stable isotopically 

labelled lipids to examine lipid metabolism within healthy and diseased subgroups of the 

population, there is as yet no reported use of this technique within the HIV population to 

characterise the HIV treatment associated hyperlipidaemia. 

25 



Figure 2.5 The principle of using stable isotope labelled fatty acid tracer [1-

palmitic acid to determine the metabolic fate of dietary lipid. The 

tracer is administered orally as part of a standardised test meal and 

changes in the ratio in plasma TAG and NEFA, and in breath 

CO2 are measured using GC-C-IRMS. 
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2.5 The host response to HIV infection - The Pre-HAART Era. 

This section aims to describe what is known of the integrated response of the host 

to HIV infection and includes both the immune response in terms of the cells and 

mediators such as cytokines directly involved in host defence and the resultant alterations 

in metabolism that may occur as a result of both these immune mediators and the presence 

of HIV infection. This section does not discuss the influence of antiretroviral therapy on 

this process. 

2.5.1 Host immune response 

2.5.1.1 Natural immunity 

The natural immune defences are those that protect against foreign matter without 

having to recognise it and these are activated within hours of HIV infection. The responses 

include inflammation, activation of macrophages, natural killer cell activation, the 

complement cascade and cytokine release. Acute infection with HIV causes flu-like 

symptoms with abundant virus in the blood and a transient drop in CD4 T cells. Viral load 

reaches a maximum value approximately 4 to 8 weeks after the onset of symptoms and 

then often decreases rapidly [Gotch 1999]. It is thought that during this time both natural 

and acquired immune responses work to keep the virus in check. 

2.5.1.2 Acquired immunity 

Seroconversion or the time at which antibodies to the virus can be measured in the 

blood usually occurs within 12 weeks of infection. Both B and T lymphocytes (Figure 2.6) 

mediate the acquired immune response and, unlike natural immunity, the lymphocytes 

have to recognise the specific foreign matter or antigen to be attacked. B cells are primed 

following antigenic stimulation and, with cytokine stimulation 6om helper T cells, 

antibodies to both the envelope proteins of the virus and to internal viral proteins are 

produced. This usually occurs at the same time as the reduction in viraemia, or viral load, 

and the rebound in CD4 count. Specific T cell responses are also primed at this time and 

include CDS cytotoxic T cells that recognise viral epitopes presented on the surface of 

target cells, then bind to and lyse the infected cells. In addition, CDS T cells release 
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soluble factors such as interferon-y, the interleukins IL-10, IL-13, IL-16 (Table 2.3) and the 

(3-chemokines MlP-la, MIP-ip and RANTES, which have anti-HIV effects [Gotch 1999]. 

The response described in figure 2.5 has also been referred to as a Thl/Th2 response, 

where the CD4 helper T Cells are divided into two subsets based upon the cytokine profile 

and predominant function. Type 1 (Thl) cells produce EFN-y, TNF-a, TNF-y and IL-2 (but 

not IL-4, IL-5 or IL-10) and regulate immune reactions centred around macrophage 

activation and T-cell mediated immunity. Type 2 (Th2) cells produce IL-4, IL-5, IL-6 and 

IL-10 and regulate B-cell antibody mediated immunity. Both the Thl and Th2 response are 

activated in HIV infection. 

2.5.1.3 Immunity during the asymptomatic period 

The asymptomatic period may last for up to 15 years with the viral load remaining 

low or undetectable. During this time, the CDS cytotoxic T cells remain at a level that is 

inversely proportional to the viral load but the CD4 T cells show a gradual reduction in 

number and function. Throughout this period the virus can evade the CDS cells and 

antibodies by several mechanisms. Firstly, the virus becomes integrated into the host DNA 

where it remains invisible to the immune system. Secondly, because the viral reverse 

transcriptase that converts viral RNA to DNA for incorporation into the host genome has 

no proofreading capacity, mutations in viral DNA lead to the production of viral strains not 

previously recognised by the immune system. In addition, the virus is capable of 

producing immunosuppressive proteins that cause apoptosis of CD4 cells [Gotch 1999]. 

2.5.1.4 Immunity during the symptomatic period 

In addition to the decrease in CD4 T cells, during the symptomatic period, there is 

also a decline in circulating antibodies and cytotoxic T cells. This is thought to be due to 

viral infiltration of the lymph nodes and production of large amounts of 

immunosuppressive viral proteins. The viral load increases at this time and due to the 

reduction in immune capacity, opportunistic infections, malignancies and diseases of the 

central nervous system can occur [Gotch 1999]. 

28 



Figure 2.6 Acquired immunity in response to antigenic stimulation. CD4 T 

lymphocytes produce cytokines, which enhance the production of 

antibodies by B lymphocytes and the cytotoxic action of CDS T 

lymphocytes, in order to remove antigen bearing cells or free antigen 

from the host (adapted from Human Physiology, Vander, Sherman & 

Luciano 1994, 6*̂  Edition). 
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Table 2.3 Cytokine sources and actions 

Cytokine Source Action and Target 

IL-1 Macrophages Growth of activated T and B cells 

IL-2 Activated T Cells Growth of activated T, B and NK cells 

IL-3 Activated T Cells Growth and differentiation of 

haematopoietic precursors 

IL-4 Activated T Cells Growth of activated T and B cells 

IL-5 Activated T Cells Growth of activated B cells 

IL-6 Activated T Cells and 

macrophages 

Growth and maturation of activated B 

and T cells 

IL-10 Activated T Cells Inhibits IFN-y secretion 

IFN-y Activated T Cells Activates macrophages and increases 

their expression of MHCI and 11 

TNF Activated T and NK 

Cells and macrophages 

Helps activate cytolytic T cells and 

phagocytic cells; cytotoxic to tumours 
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2.5.2 Host metabolic response 

Having discussed the host immune response to viral infection, it is not surprising 

that the energy and nutrient demands of the host are altered during this infective burden. In 

addition, HIV infection has been shown to produce alterations in body composition, gut 

function, the endocrine system, protein turnover and lipid and glucose homeostasis. In a 

recent review by Salas-Salvado & Garcia-Lorda (2001), the abnormalities pre- and post-

HAART were discussed. This review and the work of other authors would suggest that the 

relationship between the observed pre-HAART abnormalities may be similar to the schema 

shown below, the broken lines indicate where the literature appears inconclusive. 
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2.5.2.1 HIV infection and body composition 

The importance of weight maintenance in HTV patients has been highlighted by 

Wheeler et al. [1995 & 1996] where a weight loss of just 3 to 5% over four months was 

associated with subsequent increased risk of mortality and opportunistic infection. Weight 

loss in HIV can be acute, usually associated with the presence of opportunistic infections, 

or chronic, frequently associated with gastrointestinal disease and chronic diarrhoea 

[Macallan et al. 1993]. In addition to the timing of weight loss, there is a suggestion that 

weight loss may follow one of two different patterns [Sharpstone et al. 2000]. The first is 

a starvation model, where adipose tissue is mobilised to preserve lean body mass such as in 

cryptosporidiosis infection where anorexia and malabsorption are present. The second 

model of weight loss is the cachexia model where there is a preferential loss of lean body 

mass, possibly caused by cytokines and seen in Mycobacterium avium-intracellulare 

infection. In comparison to healthy controls, a reduction in fat mass is observed in HIV 

infection, possibly due to anorexia experienced at seroconversion [Gazzard 1999]. 

Although during symptomatic AIDS, body fat content may not be a reliable marker of 

wasting as some patients exhibit the cachexic model of weight loss described above, where 

there is a reduction in weight with little loss of fat mass [Gmnfield & Feingold 1992]. 

Kotler et al. (1989) have suggested that it is the loss of lean body mass that is associated 

with a reduction in survival time. The method used to measure fat and fat free mass 

compartments in HIV-positive patients may influence these findings. Paton et al. (1997) 

found that FFM measurement in HIV was comparable using skinfold thickness, dual-

energy x-ray absorptiometry (DEXA), total body water (TBW), and bioelectrical 

impedance (BIA) using the equation of the manufacturer of the equipment (EZComp) but 

higher using a published prediction equation for BIA (Segal), suggesting the results of BIA 

vary with the prediction equation used. 

However, most individuals with HIV infection do not exhibit a continuous and 

progressive reduction in weight, but acute periods of weight loss associated with 

opportunistic infections, which, when treated, resulted in weight gain and periods of 

weight maintenance [Macallan 1998]. 
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2.5.2.2 HIV infection and energy expenditure 

Hommes et al. (1991) found REE to be 8% higher in HIV infected patients than 

healthy controls of similar body composition (7116 ± 173 kJ/d in HIV+ compared to 7058 

+ 205 kJ/d in controls) (mean ± standard deviation). REE is also elevated in malnourished, 

HIV infected patients compared to healthy controls [Melchior et al. 1991] suggesting that 

the elevated energy expenditure may contribute to the weight loss observed in AIDS. 

When REE is expressed relative to body weight or corrected for lean body mass, the 

elevated REE is still observed in HIV patients [Grunfeld et al. 1992; Macallan et al. 

1995a]. However, other studies report that REE is reduced in HIV infection [Kotler et al 

1990]. The reason for this inconsistency may be that alterations in energy expenditure are 

not consistent in HIV infection and alter with the progression of the disease. In addition, 

some authors have estimated REE using predictive equations that use the variables of age, 

sex, height and weight [Harris-Benedict 1919] in order to obtain comparative data. Both 

body size and composition are major determinants of REE [Garrow & James 1993], In an 

individual with HIV or AIDS associated wasting, body composition may be significantly 

different. Therefore, comparing predictive REE values for healthy and HIV infected 

individuals based on weight alone may not be appropriate. Suttman et al (1993) compared 

predictive REE values using the Harris-Benedict equation to indirect calorimetry 

measurements of REE in 60 HIV-positive patients and found that the measured REE's 

differed significantly from predicted values, with 40% of patients showing a measured 

value more or less than 10% of the predicted value. In a cohort of patients over 319 days, 

40% of patients lost more than 5% of their initial body weight, this group were found to 

have an elevated REE compared to their previous measured value. They concluded that 

elevated REE is not a constant feature of HIV infection but may occur during weight loss, 

contributing to wasting. 

In weight stable HIV infected patients with increased REE, the caloric intake is not 

increased and it is thought that patients remain weight stable by limiting total energy 

expenditure through the lethargy and fatigue that accompany infection [Grunfeld & 

Feingold 1991]. In a study of 27 HIV-positive men, REE measured by indirect calorimetry, 

TEE measured by doubly-labelled water and energy intake were examined during periods 

of rapid and slow weight loss. While REE was elevated in the HIV positive males 

compared to healthy controls, TEE did not change due to compensatory reductions in the 

non-basal components of energy expenditure. The authors concluded that the primary 
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determinant of weight loss in this population was a reduction in energy intake [Macallan et 

al. 1995a]. Linear structural models of these variables would also indicate that the 

correlation between energy intake and energy balance is much stronger than the correlation 

between TE and energy balance [Sheehan et al. 1998]. Energy intake in HIV is related to 

both activity level and appetite [Sheehan & Macallan 2000]. 

In order to assess the influence of infection, several studies have examined the 

relationship between REE and viral load. While one study reported a linear relationship 

[Mulligan et al 1997], other studies have failed to find this relationship between viral load 

and energy expenditure [Grinspoon etal. 1998] or CD4 count and energy expenditure 

[Suttman et al 1993]. This would indicate that either the elevated REE is not a result of the 

magnitude of the host immune response to the viral burden, or that viral load or CD4 

counts are not good indicators of the magnitude of this response. 

2.5.2.3 HIV infection and gut function 

Malabsorption in AIDS is often associated with protozoal infection in the gut and 

may significantly contribute to the weight loss observed in symptomatic ADDS [Sharpstone 

et al. 1996]. However, malabsorption does not appear to be prevalent in asymptomatic, 

HIV infected patients [Keating et al. 1995]. Where malabsorption is present in the early 

clinical stages of HIV disease and not related to the presence of an enteropathogen, it is 

associated with atrophy of jejunal villi and manifests as diarrhoea [Miller et al 1988]. In 

addition, mild pancreatic insufficiency has been reported in AIDS patients [Kapembwa et 

al. 1990] and HIV-infected children [Carrocio et al. 1998] contributing to fat 

malabsorption and steatorrhea. Duodenal biopsies obtained from HIV-infected adults with 

diarrhoea and malabsorption showed an accumulation of lipid droplets within the 

enterocyte in 16% of patients [Benhamou et al. 1994]. Lipid accumulation in the small 

intestinal mucosa was significantly associated with higher faecal fat content and lower 

plasma TAG concentration. This evidence would suggest that HIV infection in the gut 

could alter both the structure and function of the intestinal epithelium to influence the 

degree of substrate absorption independently of other enteropathogen infections, although 

this does appear to be associated with concurrent diarrhoea. 
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2.5.2.4 HIV infection, the HPA axis and endocrine disturbances 

Several glucocorticoid response elements (GRE) have been identified within the 

genome of HIV. The HIV-1 viral protein R (VPR) can interact with the corticosteriod 

receptors and cause glucocorticoid resistance or sensitivity, depending on the nature of the 

tissue [Chrousos & Kino 1997]. Another viral protein, viral infectivity factor (vif) has been 

reported to induce glucocorticoid activity [Soudeyns et al. 1993] and in the HIV gag 

region, homology has been found to the corticotropin releasing hormone response element 

binding protein (CRH REB) [Licinio et al. 1995]. In addition, the presence of CD4 

receptors within the limbic region may interfere with hypothalamic-pituitary-adrenal 

(HPA) axis activity and cytokines produced during infection may stimulate CRH activity 

and interact with Cortisol [Kumar etal. 2000]. These authors propose the model below 

where HIV infection interacts with the HPA axis through the molecular mechanisms 

described, the production of proinflammatory cytokines and stress to influence endocrine 

activity*. 
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For a more detailed discussion of the role of androgens in lipodystrophy, see Appendix 5.5 
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IL-6 is a potent stimulator of the HP A axis, and a 7-day administration of IL-6 can 

result in enlargement in adrenal size similar to that observed in Gushing's disease 

[Mastorakos et al. 1993]. 

The clinical significance of this altered HP A axis in HIV infection is twofold. 

Firstly patients may exhibit increased serum Cortisol with reduced levels of 

dehydroepiandrosterone (DHEA), resulting in an altered Cortisol:DHEA ratio. This 

imbalance has been related to a shift from a Thl to a Th2 type cytokine response and a 

more rapid disease progression [Mayo et al. 2002], Secondly, elevated Cortisol may 

stimulate catabolism contributing to the wasting observed in HIV disease. 

Disturbances in endocrine homeostasis may be due directly to HIV infection, the 

presence of opportunistic infections or the drugs used in the treatment of HIV and related 

infections. Examples of drug toxicity include pentamidine, which can cause nephrotoxicity 

and pancreatic toxicity resulting in altered potassium and glucose homeostasis; and 

ketoconazole, which inhibits adrenal and gonadal steroid synthesis producing a reduction 

in testosterone. Both the thyroid and adrenal glands have been found at autopsy, to be 

infected with CMV [Sellmeyer & Grunfeld 1996]. HIV DNA has also been found in the 

testes and reduced testosterone concentrations are common in AIDS [Dobs et al. 1988]. 

Direct destruction of endocrine organs by invasive HIV or opportunistic infection resulting 

in a loss of function is rare [Sellmeyer & Grunfeld 1996]. 

2.5,2.5 HIV infection and protein turnover 

Protein turnover is increased in HIV infection and increases progressively with the 

development of more advanced disease stages so that by stage IV HIV infection, rates are 

about 25% higher than in controls [Macallan et al. 1995b] possibly as a result of the 

increased lymphocyte protein fi-actional synthetic rate [Caso etal. 2001]. However, the 

provision of protein in the diet results in increased protein synthesis and a normal anabolic 

response. This is not the case in patients with TB or severe septicaemia where provision of 

protein does not result in an anabolic response, suggesting an anabolic block modulated by 

specific patterns of cytokines released in response to the infection or insult [Macallan 

1998]. Therefore, in HIV the provision of nutrients to overcome protein catabolism may 

only be effective in the absence of secondary infection [Macallan 1999b]. 
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2.5.2.6 TTTV infection and glucose homeostasis 

HIV infection is associated with higher rates of insuUn clearance and increased 

peripheral insulin sensitivity as shown by euglycaemic insulin clamp studies [Hommes et 

al. 1991]. This is surprising as elevated TNF-a concentration, as reported in HIV infection, 

is known to be a potent inhibitor of insulin-stimulated tyrosine phosphorylation of the 

insulin receptor and insulin receptor substrate 1 (lRS-1) resulting in a reduced peripheral 

insulin sensitivity [Hotamisligil & Spiegelman 1994]. An increased non-insulin mediated 

glucose uptake is also common [Heyligenberg et al. 1993] possibly as a result of HIV 

stimulated upregulation of host cell GLUT3 expression [Bell etal 1993]. Hepatic 

gluconeogenesis is also elevated, possibly to maintain plasma glucose concentrations 

during elevated glucose disposal [Hommes et al 1991; Mulligan et al 1993]. In 

asymptomatic HIV infection, increases in circulating glycerol are observed [Christeff et al. 

1991] possibly to provide substrates for gluconeogenesis or as a marker of increased 

adipocyte lipolysis. 

2.5.2.7 TTTV infection and lipid metabolism 

Hypertriacylglycerolaemia, defined as a fasting plasma triacylglycerol (TAG) of 

>2.3 mmoI/1 [Tikkanen 1990] is prevalent in AIDS, predominantly due to increased very 

low density lipoproteins (VLDL), and is positively correlated with the cytokine, interferon-

a [Grunfeld a/. 1991, 1992; Constans e/a/. 1994]. Interferon-a also shows a positive 

correlation with decreased TAG clearance [Grunfeld et al 1991] and increased fasting 

hepatic synthesis of fatty acids [Hellerstein et al 1993]. However, it is not known if 

interferon-a directly induces hypertriacylglycerolaemia or is a marker for the immune 

system and possibly other cytokines [Grunfeld & Feingold 1991]. Some researchers state 

that hypertriacylglycerolaemia is only present in the advanced symptomatic stages of 

infection (AIDS) and has an inverse correlation with CD4 T cell count [Gomez-Sirvent et 

al. 1994; Christefif et al 1995] and a positive correlation with P2-microglobulin and TNF-

a [Fernandez-Miranda et al 1998]. Dietary fish oil has been shown to alter the cytokines 

released by lymphocytes during HIV infection [Bell etal 1993], although the implications 

of this on lipid metabolism are unknown. 

Other groups have shown that a lesser hypertriacylglycerolaemia already exists in 

asymptomatic HIV infection in comparison to healthy controls [Hellerstein et al 1993]. In 
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vitro studies show that HIV destroys host T cells via a reduced host phospholipid synthesis 

and an increased neutral lipid synthesis producing changes in host-cell membrane 

permeability, similar to the action of paramyxoviruses [Cloyd et al. 1991]. However, the 

relative contribution of this to the observed elevations in plasma TAG is unknown. Marked 

increases in plasma TAG concentration appear to be primarily due to a combination of; (a) 

a reduced clearance time of TAG from plasma due to a reduction in endothelial lipoprotein 

lipase (LPL) enzyme activity [Grunfeld et al. 1991]; (b) an increase in hepatic fatty acid 

synthesis (lipogenesis) [Hellerstein et al. 1993]; (c) an increased mobilisation of free fatty 

acids from peripheral adipocytes by lipolysis [Feingold et al 1990; Mulligan et al. 1993]. 

The observed increase in lipid synthesis may fiirther influence protein synthesis, through 

the diversion of amino acid substrates from anabolism to lipogenesis [Macallan 1998]. 

Fatty acid oxidation is also increased in HIV infection [Mulligan et al. 1993; 

Hommes et al. 1991] although whether this is due to the virus or the elevated plasma TAG 

concentration is unclear. Plasma non-esterified fatty acid concentration may be elevated or 

reduced compared to controls depending on the stage of infection and the individual's 

nutritional status [Nunez & Christeff 1994]. While plasma cholesterol [Grunfeld et al 

1992] and phospholipid [Klein et al. 1992] concentration tend to be lower in HIV-infected 

subjects compared to healthy controls. Polyunsaturated fatty acids (PUFA) were found to 

decrease in red blood cell membranes of AIDS patients and a correlation was found with 

both elevated malondialdehyde concentration (the end-product of lipid peroxidation) and a 

CD4 count of less than 50 cells/mm^ [Constans et al. 1995]. This suggests that disease 

progression is related to oxidative stress. Reduced concentrations of antioxidants such as 

selenium, vitamin A [Sappey et al. 1994; Constans et al. 1995], glutathione [Jahoor etal. 

1999] and vitamin E [Pacht et al 1997] have also been found in plasma of HIV infected 

patients compared to healthy controls. 

The mechanism by which HIV infection induces these alterations in lipid 

metabolism remains unknown. In addition, the further elevations of plasma TAG with the 

progression of HIV infection to symptomatic AIDS would suggest a positive relationship 

between the degree of viral burden and plasma TAG. However, in HIV infected 

individuals with elevated viral load, effective and rapid reduction in viraemia through 

HAART administration has been shown, in some cases, to increase plasma TAG [Carr et 

al. 1998] and not to reduce lipids within the circulation as would be expected. 
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2.5,2.8 Summary of the metabolic effects of HIV infection in the Pre-HAART era 

The literature would indicate that the presence and duration of HIV infection, in 

addition to the presence of opportunistic infection has a profound influence on the 

regulation and metabolism of macronutrients, possibly as a result of altered nutrient 

requirements during the cycle of infection and immune response. Against a background of 

reduced energy intake and elevated basal energy requirements, a reduction in the patients 

nutritional status is often observed resulting in an energy imbalance and weight loss. As 

weight loss is associated with an increased risk of further infection and mortality, the 

process can be seen to be self-potentiating. It would therefore be expected that a reduction 

in viral burden through the use of HAART would result in a down-regulation of this 

infection and immune response cycle with an associated theoretical reduction in nutrient 

and energy demand, allowing these metabolic processes to recover. 

2.6 Current antiretroviral therapies 

Using viral load and CD4 count as indicators of ADDS progression and associated 

infections, it becomes apparent that maintaining a low viral load and subsequent high CD4 

count may delay the progression of the disease. Currently many drugs exist for this 

purpose and are most commonly used in combination, as this has been shown to be more 

effective than monotherapies (O'Brien 1998; Gulick et al. 1997; Gulick et al. 1998; 

Hammer et al. 1996; Autran et al. 1997). The standard combination therapy consists of 

either two nucleoside reverse transcriptase inhibitors (NRTI) (zidovudine, didanosine, 

zalcitibane, stavudine or lamivudine) and a non-nucleoside reverse transcriptase inhibitor 

(NNRTI) (nevirapine) or two NRTI's and a protease inhibitor (PI) (saquinavir, indinavir, 

ritonavir or nelfmavir) [Gazzard 1999]. The combination used is widely known as highly 

active anti-retroviral therapy (HAART). NRTFs inhibit the viral reverse transcriptase 

enzyme by stopping the elongation of the DNA chain being created from the viral RNA 

template. NNRTI's are diverse in structure but all appear to act near the active site of 

reverse transcriptase to inhibit HIV-1 replication. Protease inhibitors bind to the viral 

enzyme protease which catalyses the cleavage of large viral proteins to smaller 

components for particle assembly, resulting in fewer virus particles with a reduced 

infectious capacity. 



Most of these drugs have reported side effects. For the NRTFs, these include 

peripheral neuropathy, pancreatitis, anaemia, nausea and diarrhoea. Some NNRTFs are 

associated with the development of a skin rash. Protease inhibitor associated side effects 

include nausea, diarrhoea, abdominal and back pain and the symptoms associated with 

lipodystrophy. However, recent reports suggest that lipodystrophy is not exclusive to PI 

use and may be observed in NRTI and NNRTI therapy also [Saint-Marc etal. 1999; 

Aldeen et al. 1999]. While the association of specific drug classes with lipodystrophy has 

proved difficult to assess due to the combinations used, it does appear extremely complex. 

For example, drug efficacy is assessed by reductions in viral load and elevations in CD4 

count while initial Zidovudine efficacy was assessed by decreases in plasma triglycerides 

[Mildvan a/. 1992]. 

2.7 Lipodystrophy 

2.7.1 Features of Lipodystrophy 

Features of lipodystrophy include hypertriacylglycerolaemia, hyperglycaemia, 

elevated plasma insulin and insulin-resistance with a reduction in weight and an altered 

pattern of adipose tissue distribution [Carr et al. 1998; Walli et al 1998]. In some cases, 

non-insulin dependent type diabetes has developed involving peripheral insulin-resistance, 

insulin deficiency and hyperglucagonaemia [Yarasheski etal 1999]. A loss of peripheral 

subcutaneous adipose tissue, specifically on the limbs, buttocks and face, occurs with a 

concurrent accumulation of visceral adipose tissue within the abdomen. The resulting 

increase in abdominal girth has been referred to as 'Crixbelly' due to the association with 

Crixivan, the trade name for the protease inhibitor indinavir [Kotler 1998]. The ratio of 

visceral to total adipose tissue (VAT:TAT), as measured by abdominal computed 

tomography, has been found to increase in patients taking indinavir and is positively 

correlated with time on therapy and increased plasma TAG [Miller et al 1998]. In 

addition, some patients develop an increased fat accumulation in the dorsocervical fat pad 

(termed 'buffalo hump'), although this appears to occur less fi"equently than the other 

reported symptoms. The development of this 'hump' is not restricted to HIV patients on 

protease inhibitor therapy and measurements of urinary 24 hour free Cortisol and 

dexamethasone suppression tests have indicated this is not linked to elevated Cortisol as in 

Cushing's Syndrome [Lo etal 1998; Yanovski etal 1999]. However, patients on HAART 
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with an increased visceral adipose mass excrete higher 24-hour urinary free Cortisol and 

catecholamine levels and have an elevated RMR [Renard et al. 1999], although the 

implications of this in the development of lipodystrophy are unclear. Pancreatitis has also 

been reported in rare cases where plasma TAG is markedly elevated (> 60 mmol/1) [Perry 

et al. 1999]. Osteonecrosis has also been associated with lipodystrophy [Roudiere et al. 

2000], although some authors suggest a beneficial effect of HAART on bone health 

[Aukrust e? a/. 1999]. 

2.7.2 The prevalence of Lipodystrophy 

Carr etal. (1998) have reported a 64% occurrence of lipodystrophy in HIV infected 

individuals following a mean 13.9 months on PI therapy. The prevalence of lipodystrophy 

in PI treated patients appears to be in dispute. A group from Charing Cross Hospital 

reported 12.5% of patients on protease inhibitor therapy developed lipodystrophy [Shaw et 

al 1998]. These patients showed a fat loss in the limbs with an increase in the prominence 

of peripheral veins, an increase in abdominal size, facial weight loss, decreased buttock 

size and elevated plasma TAG (2.6 to 6.3 mmol/1). Reports of the prevalence of 

lipodystrophy range from 1% to 80% in HAART treated HIV-positive patients but it does 

appear that prevalence is increasing in this population [Mauss 2000]. These differences in 

the reported incidence of lipodystrophy may be due to the lack of agreement between 

centres on the exact classification of lipodystrophy and how it should be objectively 

identified within a patient, as well as different patient groups, methods or drugs used as 

elevated plasma TAG is seen more commonly with ritonavir use [Sullivan et al. 1998; 

Paparizos etal. 2000]. 

More recently, lipodystrophy has been reported during PI sparing treatment 

regimens. On a nevirapine (NNRTI) containing therapy (mean duration of therapy 12.9 

months), the reported incidence of lipodystrophy, assessed by self-reported changes in 

body shape, was 16% [Aldeen et al 1999]. Lipodystrophy has also been reported in HIV 

patients following a mean 14 months of NRTI therapy, with a prevalence of 63% in a 

stavudine treated group and 18.8% in a zidovudine treated group [Saint-Marc et al 1999]. 

In the NRTI groups, lipodystrophy was characterised by elevated plasma TAG and an 

increased VAT. TAT ratio. 

Factors that have been associated with lipodystrophy development are; 1) the 

duration of HAART, 2) the nadir of CD4 cells, 3) elevated C-peptide levels, 4) elevated 
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plasma TAG [Carr et al. 1999], 5) higher age [Safrin & Grunfeld 1999] and gender (an 

increased risk in women) [Martinez et al. 2001]. 

2.7.3 Clinical outcomes of Lipodystrophy 

Prior to the advent of HAART, wasting was a major cause of morbidity and 

mortality in AIDS. HAART has undoubtedly reduced HIV related morbidity and mortality 

and can maintain low viral loads and elevated CD4 counts in HIV patients for potentially 

many years. However, the hypertriacylglycerolaemia associated with lipodystrophy 

development and HAART use has led to an increasing number of reports of cardiovascular 

disease (CVD) in patients previously at low risk of CVD development [Karmochkine & 

Raguin 1998; Henry et al. 1998; Behrens et al. 1998; Vittecoq et al 1998]. Higher plasma 

lipid concentrations are also exhibited in patients with non-insulin dependent diabetes and 

familial hypercholesterolaemia (FH) and in these groups, a higher rate of CVD is observed. 

The risk of CVD is even greater when hypertriacylglycerolaemia is combined with 

increased visceral adiposity, hyperinsulinaemia and hypertension [Kaplan 1989]. 

Of more immediate concern than the increased risk of CVD is the reduction in 

compliance with the therapy. Patients taking HAART may stop treatment due to the 

pronounced changes in their appearance [Silversides 1999], particularly on the face where 

the fat pads on the cheeks disappear and the patient appears gaunt and starved. If the drug 

combination is not taken as recommended, viral replication may increase with an elevated 

risk of developing a viral strain that is resistant to the drugs. This could minimise the future 

treatment options available to the patient. 

2.7.4 Clinical assessment of Lipodystrophy 

Following a meeting of the International Society for Antiviral Research, in San 

Diego, USA (June, 1999) a case definition for lipodystrophy was proposed. Case 

definition criteria were suggested for main symptoms, related symptoms and possible 

related symptoms (Table 2.4). However, not all of these features of the syndrome are 

apparent in patients exhibiting lipodystrophy and therefore, it is difficult to clinically 

determine if and when lipodystrophy is present. In a recent review of lipodystrophy, it was 

concluded that there is currently no diagnostic tool available that allows diagnosis of HIV-

associated lipodystrophy syndrome with measurement of a single parameter [Mauss 2000]. 
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An additional complication in the diagnosis of lipodystrophy is the wasting observed in 

AIDS patients caused by the presence of HIV infection and the related incidence of 

opportunistic infection. Some studies have characterised lipodystrophy as changes in body 

composition. These can be self reported or measured by simple measures such as waist to 

hip ratio, bioelectrical impedance [Schwenk et al. 1999], and sonography [Martinez etal. 

2000] or more complicated measures such as DEXA [Gervasoni et al. 1999], computed 

tomography scanning or magnetic resonance imaging [Engelson et al. 1999]. Others 

studies involve the measurement of fasting plasma TAG, glucose and insulin 

concentrations as indicators of metabolic competence*. 

For a comparison of LD case definitions with the patients recruited in these trials, see Appendix 5.1. 
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Table 2.4 Preliminary classification of symptoms of the HIV-associated 

lipodystrophy syndrome 

Main Symptoms 

Fat atrophy 

Face (sunken cheeks and eyes, hollow temples, prominent zygomatic arch) 

Arms and legs (prominent veins, skinny appearance) 

Buttocks (loss of contour, loose skin folds) 

Fat accumulation 

Abdomen (increased abdominal girth due to visceral fat accumulation) 

Dorsocervical ('buffalo hump') 

Related symptoms 

Breast enlargement 

Hypertriglyceridaemia 

Hypercholesterolaemia 

Abnormal insulin resistance or glucose tolerance or new onset diabetes mellitus 

Elevated C-peptide 

Possible related symptoms 

Dry skin/ lips 

Hair loss/ brittleness 

Impotence 

Liver steatosis 

Nail dystrophy 

Dysmenorrhea 

Avascular osteonecrosis 

Cardiovascular disease 
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2.7.5 Possible therapies to treat Lipodystrophy 

Where lipodystrophy has thought to be associated with PI use, some patients have 

switched to an NNRTI in combination with the NRTI base, with a small improvement in 

visceral fat accumulation [Martinez et al. 1999]. However, it now appears that the NRTI 

therapies may be another risk factor for lipodystrophy development. One NRTI-associated 

lipodystrophy case was shown to reverse completely 9 months after antiretroviral therapy 

cessation, although CD4 count also fell with a concurrent rise in viral load [Strobel et al. 

1999]. Brief interruptions in therapy (7 weeks) may improve dyslipidaemia [Hatano etal 

2000] but may also lead to drug resistance. Rigorous exercise programmes have been 

employed to reduce visceral adipose tissue in lipodystrophy patients [Roubenoflf et al. 

1999]. A reduction in visceral adipose tissue of 1.1 kg was achieved over a sixteen-week 

period. Resistance exercise training has been shown to reduce plasma TAG in 

lipodystrophy, probably through muscle hypertrophy and increased TAG clearance by 

muscle [Yarasheski etal. 2001]. The post-trial compliance to these exercise programmes 

was not assessed. Liposuction and plastic surgery have also been used to remodel areas 

with abnormal fat depots [Ponce-de Leon et al. 1999]. A variety of drugs have been tested 

in the treatment of lipodystrophy. These include; nandrolone decanoate, an injectable 

anabolic steroid which following an 8 week administration of 100 mg/week produced 

significant increases in weight, fat free mass and arm and leg circumferences, although 

there has been concern that the use of anabolic steroids could further increase the 

hypertriacylglycerolaemia and hyperinsulinaemia observed in lipodystrophy, this was not 

seen in this study [Gold & Batterham, 1999]; atorvastatin, given in conjunction with 

HAART at a dose of either 10 or 20 mg/day for 12 weeks reduced plasma TAG and 

cholesterol, although, as ritonavir is an inhibitor for atorvastatin metabolism there is a 

potential for toxicity but no adverse effects were observed in this study [Murillas et al. 

1999], similar results have been observed for pravastatin, simvastatin and lovastatin 

although lovastatin appears to have an increased risk of toxicity [Penzak et al. 2000] and 

statins may reduce lymphocyte proliferation [Wierzbicki et al. 1998]; gemfibrozil, given in 

conjunction with HAART produced an 83% reduction in plasma TAG after a median of 

175 days and was believed to work via stimulation ofPPAR type alpha (peroxisome 

proliferator-activated receptor) which increases fatty acid oxidation [Ross etal. 1999]; 

fenofibrate produced a mean 80% reduction in plasma TAG after 10 months in 2 

lipodystrophy patients [Thomas et al. 2000]; metformin administered for 8 weeks to 
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patients with insulin resistance and visceral fat accumulation produced a reduction in 

visceral fat of more than 30%, but 14% of patients stopped therapy due to gastrointestinal 

side effects [Saint-Marc et al. 1999], lower doses of metformin have reduced VAT and 

insulin AUC following OGTT without these side effects [Hadigan et al. 2000]; 

recombinant human growth hormone (rhGH) at a dose of 6 mg per day for 12 weeks 

produced significant increases in weight and mid-thigh circumference with a significant 

reduction in waist:hip ratio. A reduced mean overnight growth hormone concentration has 

been observed in lipodystrophy patients [Rietschel et al. 2001] but it is unclear if this plays 

a role in the aetiology of the syndrome. There is also a suggestion that longer courses of 

rhGH may not be as effective and may induce rapid growth of Kaposi's sarcoma [Gazzard, 

1999]. 

All of these drugs are aimed at either reducing the elevated lipids seen in 

lipodystrophy or changing the altered distribution of body fat. None of these therapies 

address the syndrome as a whole. In order to do this, the mechanisms underlying the 

development of lipodystrophy need to be understood. 

2.8 Summary of Literature and Hypothesis 

While the review of literature has attempted to give an overview of lipid 

metabolism within a healthy population prior to discussing abnormalities associated with 

the presence of infection and specific drug therapies, it has highlighted the fact that in a 

healthy population there are still some areas of lipid metabolism that present important 

questions. The extent to which an individual is able to maintain healthy plasma levels of 

lipids against a background of diet, genotype and lifestyle is unknown. The specific way in 

which the molecular, cellular and endocrine systems regulate the processes associated with 

uptake of lipid from the gut and metabolism or storage are also unclear and may be 

modulated by the environmental factors and genotype. 

It would appear then that discerning specific effects associated with the presence of 

infection and the host immune response may be oversimplified, especially when an 

additional confounding factor is added with the use of HAART and it's associated 

unknown effects. However, a striking distinction between patients with lipodystrophy and 

other observed abnormalities in lipid metabolism is the concurrent presence of both fat 

accumulation and fat wasting, seemingly specific to particular fat depots. 
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While it may be impossible to determine the exact cause of this probably 

multifactorial syndrome, it does appear that there is a specific dysregulation of fatty acid 

uptake and metabolism within subcutaneous adipose tissue. 

Hypothesis 

Using HAART to suppress viral replication in HIV infection in a subset of patients, 

results in a reduced capacity of subcutaneous adipose tissue to hydrolyse TAG-rich 

lipoproteins with a concurrent failure to entrap the resulting fatty acids, resulting in a 

wasting of subcutaneous adipose tissue with a concurrent elevation in plasma lipid 

concentrations. 

The aims of this programme of research were to firstly examine audit data from 545 

HIV-positive patients treated at the Chelsea and Westminster Hospital to determine the 

prevalence of metabolic abnormalities in HAART treated patients and whether a particular 

therapy, the age or gender of the patient, or the time on therapy is associated with 

alterations in lipid and glucose metabolism. Study groups were then drawn from this 

population, an additional non-treated HIV+ population and a healthy non-HIV population. 

Metabolic trials were conducted within and between these groups using stable isotope 

labelled fatty acid in order to determine; 

1) the influence of HIV infection per se on postprandial lipid metabolism in a study 

comparing HIV negative males and HIV positive males of similar age. 

2) the influence of short term exposure (12 weeks) to HAART on the handling of 

dietary lipid in an intervention trial where antiretroviral therapy naive subjects were given 

a protease inhibitor containing combination therapy and postprandial lipid metabolism was 

examined following both one and three months of protease inhibitor exposure. 

3) whether differences in lipid metabolism exist in our population between patients 

with lipodystrophy associated exclusively with NRTI use to those with lipodystrophy 

associated with combination therapy including a protease inhibitor. 
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Chapter 3 General Methods 

3.1 Introduction 

The methods presented here were used consistently throughout all trials. Following 

a description of the subject groups studied and the general study protocol used, there is a 

brief explanation of the units of notation employed in stable isotope research and the 

theory underlying the use of stable isotopes as tracers in vivo. The isotopic enrichment of 

unlabelled emulsion and test meal is then discussed and the methods used for the 

collection, preparation and analysis of breath and blood are presented with relevant 

validation data. This is followed by a description of the techniques employed in GC-C-

IRMS, indirect calorimetry, anthropometry, bowel habit questionnaire data collection and 

data analysis. There is then a section describing the variability in the anthropometric 

measures used. 

3.2 Subjects 

HIV-positive subjects were recruited from the St. Stephen's Centre for HIV 

research and treatment at the Chelsea and Westminster Hospital by poster or invitation at 

routine examination. Exclusion criteria for the study were presence of diarrhoea, presence 

of infection or illness other than HIV infection. Inclusion criteria for the lipodystrophy 

groups were self reported changes in body habitus, a loss of adipose tissue on the arms, 

legs, face or buttocks with or without a concurrent gain in central adiposity, and elevated 

fasting plasma TAG. The inclusion criteria for the protease inhibitor naive (PIN) group 

were no prior exposure to protease inhibitor therapy, fasting plasma TAG within the 

normal range (0.5 - 2.0 mmoI/1) and a requirement to start protease inhibitors following the 

initial study day. Healthy control subjects of similar age were recruited at the Institute of 

Human Nutrition in Southampton. All subjects were male in order to avoid the influence 

of; (a) elevated oestradiol at the time of ovulation on plasma lipoproteins [Kim & Kalkhoff 

1979] and (b) synthetic oestrogens, such as the contraceptive pill, on plasma TAG [Knopp 

etal. 1981]. An age range was not defined in this study due to the low availability of 

asymptomatic HIV-positive patients meeting the criteria for the PIN group, as most 

patients were already taking or had previous experience of PI drugs. In addition, it was 

extremely difficult to find patients that were willing to take part in the study or who met 
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the inclusion and none of the exclusion criteria. As discussed in later chapters, several of 

the patients recruited into the intervention study were withdrawn during the study due to 

the appearance of secondary opportunistic infections, not known to be present during the 

initial recruitment phase. The number of concurrent, predominantly pharmaceutical trials 

taking place within this population also made recruitment into these studies very difficult. 

As a result of these difficulties, the groups entering the studies described in this thesis may 

not be as homogeneous as we would have wished in terms of age and body composition. 

Also, due to the personalised nature of prescribing HAART, not all patients with prior 

HAART experience had been exposed to the same drugs and not all patients being 

prescribed HAART for the first time, went on to the same combination. While this would 

be a more tightly controlled study group, the availability of the patients and the individual 

drug requirements of the patient prevented this. 

3.3 Study Protocol 

Subjects were asked to arrive at the day care ward of the HIV centre within the 

Chelsea and Westminster Hospital at 08:00 hours, following an approximate eight hour 

overnight fast (control subject studies were conducted to the same protocol but at the 

Institute of Human Nutrition in Southampton). The subjects were then allowed to rest for 

approximately 15 minutes while checking their name, age, date of birth and asking them to 

sign a consent form (see Appendix). A breath sample was then collected and indirect 

calorimetry was performed for 20 minutes. Following removal of the indirect calorimeter 

hood, an indwelling cannula was inserted into a deep forearm vein and a postabsorptive 20 

ml blood sample drawn. The subject was then fed a breakfast consisting of an emulsion 

[11.Og double cream, 1.8g extra virgin olive oil, 1.5g sunflower oil, 6.0g casein, 4.5g 

glucose, 2.3g beet sugar, 5.0g chocolate Nesquik, 700 mg [l-'^C] palmitic acid], 40.Og 

Rice Krispies, 200.Og whole milk, 72.Og white bread, 14.0g Flora margarine and 50.Og 

Cheddar cheese. This meal provided 3720 kJ energy, 33. Ig protein, 45.3g fat; of which 

49% saturated fatty acids, 27% monounsaturated fatty acids, 15% polyunsaturated fatty 

acids and 4% trans-fatty acids, and 92.9g carbohydrate; of which 69% starch, 29% sugar 

and 2% non-starch polysaccharides. The test meal and emulsion were designed to provide 

one third of the average daily energy intake within the UK and the typical macronutrient 

composition consumed in a UK diet [Gregory et al. 1990]. 
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Following breakfast, 15 ml blood samples were collected every thirty minutes for 

the first three hours, then at hourly intervals until seven hours after the meal. Breath 

samples and indirect calorimeter measurements of oxygen consumption and carbon dioxide 

excretion on breath were obtained at hourly intervals up to seven hours following the meal. 

The blood samples were collected into lithium heparin evacuated glass tubes for lipid and 

insulin analysis and flouride oxalate evacuated glass tubes for glucose analysis (see 

Appendix). All samples were centrifuged immediately to prevent haemolysis. The plasma 

was then separated, aliquoted and kept refrigerated until frozen at the end of the study day. 

Following the seven-hour period, subjects had the indwelling cannula removed and 

anthropometrical measurements were taken. Prior to leaving the ward, the subjects were 

fed a meal of their choice together with tea or coffee and soft drinks*. 

3.4 Stable isotopes as in vivo tracers 

3.4.1 Units of Notation 

As discussed in Section 2.7, chemical elements can exist as one or more species or 

isotopes that have the same atomic number but a different atomic weight. Generally, there 

is a stable, commonly found isotope of the element i.e. [̂ ^C], a stable, less commonly 

found isotope of the element i.e. [̂ ^C] and an unstable isotope i.e. which decays 

emitting radioactivity. While [̂ ^C] is much less common, there is a background ['^C] level 

of 1.11 atoms % (that is 1.11 atoms out of 100 carbon atoms are [^^C]). This background 

['^C] is termed natural abundance and whenever [̂ ^C] appears at a level higher than natural 

abundance the term enrichment is used. The unit of notation for enrichment is atoms 

percent excess (APE), this is the number of carbon atoms out of 100 that are [̂ ^C] over and 

above the 1.11% natural abundance. 

In practice, [̂ ^C] is measured as ['^C]:[^^C] ratio by an isotope ratio mass 

spectrometer and delta values are often used instead of APE to describe the concentration 

of ['^C] within a sample. The delta (5) value (expressed as %o) is the concentration of 

[̂ ^C] in the sample against a ratio of a laboratoiy's reference material or working standard. 

This allows the measurement and representation of much smaller quantities of [^^C]. If the 

isotopic composition of the standard is known, the ratio of sample [̂ ^C] to standard ["C] 

Appendix 2.1 shows the study timeline. 
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can be calculated [Murphy, personal communication, 1995]. The international reference 

standard is Pee Dee Belemnite (PDB), a carbonate, which has an abundance of 1.1112328 

atoms % [̂ ^C] and a ratio of 0.0112372 [Craig, 1957]. However, PDB has 

become scarce, so laboratory working standards tend to be standards calibrated to PDB 

rather than PDB itself [Coplen etal. 1983]. Most natural foodstuffs and biological samples 

contain less than the PDB standard. Therefore, 6 values for these products tend to be 

negative according to the formula; 

6 

u - unknown [Schoeller, 1980] 

s - standard (PDB) 

3.4.2 Theory 

The fatty acid, [l-'^C]palmitic acid, was produced (Mass Trace, Cambridge, USA) 

so that the first carbon was [̂ ^C] (99 APE). Palmitic acid was used as it is the predominant 

saturated fatty acid within the UK diet [Gregory et al. 1990] and it is in the middle of the 

range of fatty acid carbon chain lengths. Palmitic acid is also written as C16:0 i.e. a chain 

length of 16 carbons with zero double bonds, hence it is a saturated fatty acid. Following 

administration of the [l-'^C] palmitic acid tracer, enrichment on breath, in blood lipids, in 

stool and other accessible pools can be measured. Assuming the tracer fatty acid is 

digested, absorbed and metabolised in the same way as other dietary fatty acids, 

distribution of the tracer within the body reflects the distribution of lipid from the diet 

within that individual. 

Measurement of label within stool allows an accurate measure of absorption within 

the gastrointestinal tract. However, this was not done in these studies due to a lack of 

facilities for handling faecal samples from HIV positive subjects. Measurement of label on 

breath (as ^^COz) indicates the proportion of the dietary fatty acid that is oxidised (Figure 

2.6). Measurements of label within plasma TAG and NEFA fractions as measured by gas 

chromatography combustion isotope ratio mass spectrometry (GC-C-IRMS) allow the 

metabolic fate of the dietary lipid within the body to be traced over time. Prolonged 

retention of labelled fatty acid as TAG in the circulation is assumed to reflect an impaired 
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clearance of lipid from the circulation by peripheral tissues. An elevation of label in 

circulating fatty acids as NEFA is taken to reflect impaired entrapment of fatty acids from 

hydrolysed TAG by peripheral tissues. 

3.5 [1-^^C] Palmitic acid in emulsion 

[1-^^C] Palmitic acid (700 mg) was administered orally as a single dose in an 

emulsion consisting of sucrose, glucose, casein, double cream, sunflower oil, olive oil and 

Nesquick chocolate flavouring as previously described in section 3.3 and based upon work 

by Emken et al. 1993. Palmitic acid was used instead of tripalmitin (the triacylglycerol of 

palmitic acid) so that the label did not have to first be digested before being absorbed. 

During the making of the lipid emulsion, it was important that the temperature of the 

emulsion remained higher than the melting temperature of the [1-^^C] palmitic acid (85°C), 

which, at room temperature, was in crystalline form. This enabled the emulsification of the 

labelled fatty acid and thus the even presentation of the labelled fatty acid to the gut in 

small, emulsified particles, promoting absorption of the tracer from the small intestine. 

The presentation of [1-^^C] palmitic acid within an emulsion has been shown to increase 

the proportion of label absorbed from the gut and to greatly reduce the proportion of label 

excreted in stool in comparison to previous studies that have added the [1-^^C] palmitic 

acid to fat within the meal [Jones et al. 1999]. In addition, the emulsion without the label 

was analysed to ensure that it did not contribute to the enrichment of breath or plasma. 

The delta value of the emulsion was -26.97 °/oo, equivalent to values observed in palmitic 

acid in plasma lipids in free-living individuals (baseline values) [Bennoson 2000]. 

3.6 The test meal 

The test meal, as described in section 3.3, was developed to represent a standard 

pattern of macronutrient intake in combination with the emulsion (15% energy from 

protein, 45% energy from lipid (22% from saturated fat) and 42% energy from 

carbohydrate), with one third of the average daily energy intake for adults within the UK 

[Gregory et al. 1990]. In addition, a standard portion of the meal was homogenised and 

analysed for [̂ ^C] enrichment, where it was shown to have a deha value of-26.09 %o, 

equivalent to natural abundance. Therefore, administration of the test meal itself would not 

produce an increase in [̂ ^C] in any of the pools measured [Bennoson 2000]. 

52 



3,7 Breath sampling 

3.7.1 Breath collection and preparation 

End tidal breath samples were collected using a 750 ml alveolar breath bag 

(Quintron, Milwaukee) at baseline, then at hourly intervals for 7 hours following the 

administration of the test meal and emulsion containing the label. Three 10 ml samples 

were transferred using a syringe and needle, to evacuated glass 10 ml tubes (Isochem, 

Finchampstead, UK). 

3.7.2 Breath analysis 

Two of the three gas evacuated tubes containing the breath samples were analysed 

by continuous flow-isotope ratio mass spectrometiy (CF-IRMS) with GSL (gas, solid, 

liquid) interface (ABCA system, Europa Scientific Ltd., Crewe) to determine the [̂ ^C] 

enrichment of the CO2 The third sample was stored for later analysis if the initial two 

tubes showed variation greater than could be explained by either the precision of the CF-

IRMS or differences within samples within and between runs. According to previous 

studies [Jones, PhD Thesis, 1996], the coefficient of variation for repeated runs of 

laboratory reference standard (5% CO2, 95% N2 mix, 5 -32.18 %o BOC gases, Manchester, 

UK) was 0.3% and the coefficient of variation within duplicate breath samples was 1-2 %. 

The within and between run variability of five fasted and five postprandial breath samples 

is shown in table 3.1. The coefficient of variation within run 1 and run 2 for five fasted 

samples (0 h) was 0.25% and 0.28% respectively, and for five postprandial samples (3 h) 

was 0.16% and 0.46%, similar to the 0.3% observed by Jones for the repeated runs of 

laboratory reference standard gas. The mean coefficient of variation between run 1 and run 

2 for five fasted samples (0 h) was 1.26%, and for five postprandial samples (3 h) was 

1.61%. The [̂ ^C] enrichment within the sample was then combined with the volume of 

CO2 excreted on breath at that time point, as measured by indirect calorimetry, using the 

equations of Watkins et al. 1982 (Figure 3 .1) to calculate the percentage of administered 

dose per hour that is excreted on breath as ^^C02. The area under the curve over the seven-

hour period was then calculated by integration and expressed as the percentage of the dose 

administered/7 hours. 
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Table 3.1 A test of within and between run variability in breath delta value 

measured by a 20/20 IRMS (GSL) system (Europa PDZ, Crewe,UK). 

Data is presented as means, standard deviations and coefficient of 

variation (CoV). 

Run 1 (5) #5) Oh 3 h 

No. Oh 3 h Oh 3 h Mean Mean 

1 -27.64 -2114 -2711 -20.58 -27J8 -20 86 
2 

-27.69 -2116 -2A27 -20.71 -2748 -20 94 
3 

-27.71 -2109 -2727 -20.73 -2749 -20.91 
4 

-27.82 -2109 -27 JO -20.72 -27.56 -20 91 
5 

-27.77 -2115 -2%22 40 52 -27 50 -20.84 
Mean 

-27.73 -21.13 -27.23 -20.65 
SD 

0.07 (L03 0.08 (LIO 
C o V % 

0.25 (116 0.28 0.46 

54 



Figure 3.1 The equations of Watkins et al 1982 to calculate the percentage of 

administered dose per hour that is excreted on breath as CO2, 

combining the change in ["C] enrichment within the breath sample, 

following label administration compared to the baseline enrichment in 

breath, with the volume of CO2 excreted on breath at that time. 

% administered label excreted/hour = mmol excess ^^C/mmol C02*C02*100 

mmol administered 

Where; 

mmol excess ^^C/mmol CO2 = (5 5 ^̂ Ct=o) * Rpdb * 1/1000 

CO2 (mmol/h) is measured by indirect calorimetry 

mmol administered = mg substrate * (P*n /lOO) 

M 

CO2 = whole body breath CO2 excretion 

8 ^̂ Ct=o= breath delta value at baseline 

5 = breath delta value from CF-IRMS at time t following administration of 

the label 

RpDB = the ratio of PDB (0.0112372) 

P = purity of isotope e.g. [l-^^C]palmitic acid is 99% APE 

n = the number of carbon atoms in a molecule of labelled compound that 

aa-eE'̂ C:] 

M = molecular weight of labelled compound 
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3.8 Blood sampling 

3.8.1 Blood collection and preparation 

From an indwelling venous cannula, approximately 3 mis of blood was collected 

into Fluoride Oxalate tubes for analysis of glucose concentration and approximately lOmls 

of blood was collected into Lithium Heparin tubes for analysis of plasma NEFA and TAG 

concentrations and [^^C]-enrichment by GC-C-IRMS, and insulin concentration by ELISA. 

All samples were centrifuged immediately at 2500 rpm, 4° C for 15 minutes to minimise 

haemolysis. The plasma was removed and placed into pre-labelled 5 ml glass tubes 

containing the protease inhibitors phenylmethylsulfonyl flouride (l|il PMSF (lOmM 

dissolved in 2-propanol)/ml plasma), trasylol (5pl (10,000 KIE/ml)/ml plasma) and 

ethylenediaminetetraacetic acid (2^1 EDTA (0.5 M pH 7.4)/ml plasma) for later lipid 

analysis. 

Plasma for insulin and glucose determination was placed into pre-labelled 

eppendorfs. All aliquoting of HIV-positive plasma was performed within a Class II 

biosafety cabinet to reduce exposure to the HIV virus. The specimens were then kept 

refrigerated at 4°C for up to 12 hours before freezing at -20°C for up to seven months prior 

to analysis. 

3.8.2 Plasma lipid analysis 

The lipid was extracted from the plasma samples and the TAG and NEFA fractions 

were then isolated from the lipid extract. Following the addition of internal and external 

standards and the methylation of the fatty acids to fatty acid methyl esters, TAG and NEFA 

samples were analysed by GC-C-IRMS to examine the changes in both the concentration 

and enrichment of the TAG and NEFA fractions over time. 

3.8.2.1 Lipid extraction from plasma 

Standards for TAG (CI7:0, triheptadecanoic acid) and for NEFA (C21 ;0, 

heneicosanoic acid) were made up in chloroform methanol 2.1 (1 mg/ml) and added to 1ml 

of plasma. The mass of standard used was chosen to reflect the approximate 
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concentrations of TAG and NEFA within the plasma sample. Where the plasma was 

normotriglyceridaemic 60pj of CI 7:0 standard and 30|il of C21:0 NEFA standard were 

used, for hypertriglyceridaemic samples 120)li1 of C17:0 standard was used. Chloroform: 

methanol (2:1, w/v) containing 50mg/l butylated hydroxytoluene (BHT) (5ml) was added 

and the sample mixed by inversion. At this point, HIV-positive samples were removed 

from the bio safety cabinet (Category II) as, following the advice of Professor P.J. Watt 

(Head of the Virology Department, Southampton General Hospital) it was assumed that the 

virus was sufficiently inactivated by the addition of solvent to be handled using normal 

bench top (Category I) procedures. The sample was mixed by vortexing and shaken for 15 

minutes. Sodium chloride (IM NaCl) (1 ml) was added, the sample vortexed and 

centrifuged for 10 minutes at 2000 rpm and 14°C. The aqueous phase was then discarded 

into Virkon (Antec International, Sudbury, U.K.; containing potassium monopersulphate, 

1% solution made with water) and the solvent phase containing lipid was removed to a 

new tube. The remaining solid material within the sample was then re-extracted following 

the addition of 0.9% (w/v) NaCl (1 ml), to mimic the plasma in which the material was 

originally suspended. The resulting combined solvent phases were dried under nitrogen at 

40°C. The method was based on work by Folch et al. 1957, The addition of 0.9% (w/v) 

NaCl (1 ml) in the re-extraction step was shown in a validation study to increase the 

recovery of NEFA from the sample from a mean and standard deviation of 32% - 11 to 

77%-11. 

3.8.2.2 Isolation of TAG and NEFA fractions by solid phase extraction 

The method of solid phase extraction (SPE) for separation of the lipid classes, TAG 

and NEFA, was developed within the laboratory at the Clinical Nutrition and Metabolism 

Unit [Burdge et al. 2000] (see Appendix). The dried solvent phase from the lipid extraction 

was resuspended in chloroform and applied to Bond Elut cartridges (1 ml capacity, 

aminopropylsilica cartridges) (Varian, California, USA). This mixture was allowed to drip 

through under gravity into new glass tubes below. The cartridge was then washed with a 

further two 1 ml chloroform washes drawn through the cartridge using a vacuum system. 

This glass tube was removed, dried down under nitrogen and kept for later isolation of 

TAG. The cartridge was then washed with chloroform:methanol (60:40 (v/v)) (1 ml) 

which eluted the phosphatidylcholine fraction, the glass tube again changed, washed with 
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methanol and finally with a new tube in place, washed with chloroform: methanol .acetic 

acid (100:2:2 (v/v/v)) to elute the NEFA fraction. The dried chloroform wash was 

resuspended in hexane and applied to fresh Bond Elut cartridges preconditioned with 

hexane. The cartridges were washed further with hexane (1ml) and finally with 

hexane:chloroform:ethyl acetate (100:5:5 (v/v/v)) (1ml). This eluted the TAG fraction. 

Both the NEFA and TAG fractions were dried under nitrogen at 40°C to remove the 

solvent. 

3.8.2.3 Methylation to fatty acid methyl esters 

In order to analyse the sample by GC-C-IRMS, the isolated fatty acid and TAG 

fractions need to be methylated. The reason for this methylation is twofold. Firstly, the 

methylation of free fatty acids reduces their boiling point to a temperature within the 

capable range of the GC-C-IRMS and secondly, TAG is a large molecule with more than 

one fatty acid and therefore, has a high boiling point and so removal of the fatty acids from 

the glycerol backbone reduces the boiling point of the molecule. In addition, resolution and 

identification of molecules with multiple fatty acids would be difficult, especially when 

trying to identify the isotopic enrichment in one of those fatty acids. 

To achieve this methylation, samples were heated overnight at 50°C with toluene 

(1 ml) and 2% (v/v) sulphuric acid in methanol (2 ml). The samples were then removed 

and allowed to cool before neutralising agent (25 g KHCO3 + 34.55 g K2CO3 + distilled 

water (500 ml)) (2 ml) and hexane (2 ml) were added. The samples were vortexed, shaken 

for 15 minutes and centrifliged for 10 minutes at 2000 rpm and 14°C. The solvent layer 

was removed and hexane (2 ml) added to the methylated tube for a fiirther solvent 

extraction. The solvent phase was transferred to 5 ml round bottom tubes, which were 

dried under nitrogen. The dried round bottom tubes were washed four times with hexane 

(200 |il), allowing the lipid to be suspended in smaller volumes of solvent for transfer into 

the mini vials required for GC-IRMS analysis. 

3.8.2.4 Gas chromatography combustion isotope ratio mass spectrometry 

The GC-C-IRMS equipment consists of a Hewlett Packard 7683 auto sampler, 

which injects the sample via a self-sealing injection port into a gas chromatography 
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column. Upon injection the sample is heated to 300°C within the injection port, which 

causes the sample to become volatile, allowing it to sit in a gas phase. A flow of gas 

through the system takes the volatile sample into the GC fused silica capillary column, 

which is kept at 140°C. The increasing temperature programme (the temperature 

programme and settings are shown in table 3.2) inside the GC oven (Hewlett Packard 6890 

GC with Orchid interface) allows the fatty acids to elute from the column entrance and 

travel down the column at different times, thus separating the individual fatty acids so that 

they reach the end of the column at different times. The solvent in which the fatty acids 

were dissolved then goes to the flame ionisation detector (FID) to be burnt off After the 

solvent phase, the valve to the FID closes and the fatty acids are redirected into the 

combustion tube, which is maintained at 860°C and consists of an aluminar tube with 0.2 

to 0.5 mm platinized copper oxide granules. The addition of the volatile fatty acid produces 

the formation of CO2 and H2O. Before entering the IRMS, the water must be removed by a 

nafion membrane water trap where the nafion is dried by a Helium gas counterflow. The 

CO2 then enters the IRMS flight tube at the source and is ionised, removing an electron to 

charge the molecule. A vacuum draws the gas along the flight tube and a magnet that sits 

halfway along the curved flight tube deflects the particles. At the end of the tube, there are 

detectors. Where the molecule hits the detectors is dependent on the arc of its path through 

the flight tube. This, in turn, is dependent on the molecular weight of the molecule, the 

strength of the magnet and the charge that the molecule carries. Therefore, the IRMS can 

differentiate between the commonly found isotope of carbon and the heavier, less 

commonly found carbon isotopes within a fatty acid. Both a table of [^^C];['^C] ratio and a 

chromatogram are then printed. The size of each peak on the chromatogram is directly 

proportional to the relative abundance of a specific fatty acid within the sample and by 

using a standard of known concentration; peak sizes can be compared to give the 

concentration of the measured fatty acids within the sample. 
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Table 3.2 The temperature programme and settings for the GC-C-IRMS. 

Temperature 

(°C) 

Time 

(mins) 

GC Programme 

Initial 140 -

Iso 1 
140 2.00 

Ramp 1 
6/min 

Final 1 175 
Iso 2 175 2.00 

Ramp 2 
20/min 

Final 2 240 
Iso 3 240 100 

Ramp 3 
6/min 

Final 3 250 
Iso 4 

250 5 00 
Injection Port 

300 
Flame ionisation detector 

300 -

Combustion Tube 
860 
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3.8.2.5 Determination of TAG and NEFA recovery from plasma 

Prior to injecting into the GC-C-IRMS, an internal FAME standard (C23:0, 

tricosanoic acid methyl ester) was added to the sample in the same mass as the original 

standards i.e. 120 or 60 jig of CI 7:0 for TAG samples and 30 jug of C21 ;0 for NEFA 

samples. The ratio of the FAME standard to the original standard within the sample was 

used to assess the recovery of lipid from the sample. In order to assess the experimental 

variability in TAG and NEFA recovery, 10 ml of plasma, collected into lithium heparin 

evacuated tubes split into 10 fractions. TAG and NEFA fractions were isolated as 

described above. This was repeated at 2.5 h postprandially and the results are shown in 

tables 3.2 and 3.3. In the baseline plasma specimen, the recovery of TAG was 89.1 - 5.7 % 

(mean - standard deviation) and the recovery of NEFA was 104.3 - 6.9 %. In the 2.5h 

postprandial plasma specimen, the recovery of TAG was 86.7 - 4.9 % and the recovery of 

NEFA was 101.1 - 5.3 %. NEFA recoveries above 100% represent compound errors in the 

method due to dissolving and pipetting standards, and peak integration following GC-C-

IRMS analysis. 

3.8.2.6 Calculation of NEFA Concentration 

The concentration of NEFA within the sample was calculated from the 

chromatogram using the peak area for the fatty acids and standards in the sample, 

according to the following equation: 

((fatty acid area/C21:0 standard area) * (|Lig C21:0 added/C21:0 Mr)) / volume (ml) 

The coefficient of variation for NEFA concentration in a given specimen was 4.2% 

(mean sd; 0.39 - 0.02 mmol/1) in a fasted specimen (table 3.3) and 6.72% (0.09 - 0.006 

mmol/1) in the postprandial specimen (table 3.4) for repeated analysis of same specimen. 

3.8.2.7 Calculation of TAG Concentration 

The concentration of TAG in the plasma sample was calculated from the 

chromatogram. The individual concentration of fatty acids was calculated as for the NEFA 
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samples but the molecular weight of the standard (C17:0) was not included in the formula 

so that the concentration of each fatty acid was expressed as ng/ml. The total fatty acid 

concentration was then calculated from the sum of the fatty acid concentrations and again 

expressed as pg/ml total fatty acid. Each triacylglycerol (TAG) consists of three fatty acids 

plus a glycerol backbone and TAGs are generally a mixture of fatty acids. However, in 

order to calculate the concentration of TAG in the sample, as mmol/1, the total fatty acid 

concentration in |ig/ml or mg/1 was divided by the molecular weight of palmitic acid (256) 

and then by the number of fatty acid molecules within a TAG molecule. The molecular 

weight of palmitic acid was used because CI 6:0 is in the middle of the range of commonly 

seen fatty acid chain lengths (CI4 to C22) and it is abundant in biological samples. The 

coefficient of variation for TAG concentration was 0.54% (0.46 - 0.00 mmol/1) in a given 

fasted specimen and 2.39% (0.65 - 0.02 mmol/1) in a given postprandial specimen 

(repeated analysis of same specimen). 

3.8.2.8 Calculation of the [̂ ^C] enrichment of palmitic acid in TAG and NEFA 

From the above calculations, the total concentration of palmitic acid (p.g/ml) within 

the sample of interest was determined. In order to establish a relationship between the 

percentage of [̂ ^C] in palmitic acid and the delta value, [^^C]-palmitic acid was mixed in 

varying concentrations with natural [̂ ^C] abundance palmitic acid and analysed by the 

IRMS to obtain a calibration curve. As this is a linear relationship, a regression equation (x 

= (y + c) / m) can be determined. For palmitic acid, this was x = (6 %o + 31.57) / 53.80. 

Therefore, if the total palmitic acid concentration (|ig/ml) in the sample is known 

and the percentage of the palmitic acid that is [^^C]-palmitic acid is known, the 

concentration of [^^C]-palmitic acid within the sample (|ig/ml) can be calculated. The 

coefficient of variation of the delta value (tables 3.3 and 3.4) obtained for TAG was 6.4% 

(31.08 - 0.29 %o) in the fasted specimen and 5.68% (-31.31 - 0.3 l%o) in the postprandial 

specimen and for NEFA was 6.58% (-30.86 - 0.52 °/oo) in the fasted specimen and 5.2% ( -

28.24 - 0.79 %o) in the postprandial specimen (repeated analysis of same specimen). 
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Table 3.3 A test of within sample variability in plasma TAG and NEFA recovery, 

concentration and enrichment using ten aliquots of one ten ml fasted 

plasma specimen. Data is presented as means, standard deviations and 

coefficient of variation (CoV). 

Recovery (%) Concentration 

(mmol/I) 

Enrichment (5) 

No. TAG NEFA TAG NEFA TAG NEFA 

1 
92 45 120.98 046 0.43 -31.16 -30.77 

2 93 85 107 59 0.46 0 39 -31.28 -31.92 
3 

92.90 104 67 0.46 0 39 -31.11 -30.79 
4 

92 64 104 89 0.46 0 39 -30.99 -30.11 
5 

90 50 102 68 0 46 0.40 -31.54 -30.98 
6 

90 28 95 97 0.46 &37 -30.58 -30.71 
7 

74.09 98 23 0.47 0 39 -31.18 -30.83 
8 

88 89 99 65 0.46 0 39 -30.64 -31.44 
9 

88.01 102.82 0.46 0 39 -31.25 -30.25 
10 

87.68 105.91 0.46 &38 -31.09 -30.81 
MEAN 

89.13 104.34 (L46 0.39 -31.08 -30.86 
SD 

5.70 6.87 0.00 0.02 Oj9 0.52 
C o V % 

6.40 6.58 0.54 4.20 0.93 L69 
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Table 3.4 A test of within sample variability in plasma TAG and NEFA recovery, 

concentration and enrichment using ten aliquots of one ten ml plasma 

specimen collected 2.5hr postprandially. Data is presented as means, 

standard deviations and coefficient of variation (CoV). 

Recovery (%) Concentration 

(mmol/1) 

Enrichment (5) 

No. TAG NEFA TAG NEFA TAG NEFA 

1 
88 50 102 86 0.68 0.09 -31.10 -27.87 

2 
92.02 104 47 0.65 0.09 -30.98 -27.94 

3 
89 43 105.13 0.65 0 10 -31.73 -28.28 

4 88 50 10150 0 65 0.09 -31.30 -29.99 
5 

86.58 102 08 0.65 0.08 -31.54 -27.56 
6 

86 32 103.90 0.65 0 09 -30.95 -29.12 
7 

87.18 100 82 0.64 0.09 -31.56 -28.51 
8 

74.04 86 92 0.64 0.09 -30.92 -27.49 
9 

89.90 99 69 0.62 0.08 -31.34 -28.04 
10 

84.38 100.69 0 66 0 08 -31.70 -27.61 
MEAN 

86.69 101.01 0.65 0.09 -31.31 -28.24 
SD 

4.93 5.26 0.02 0.006 0.31 (X79 
C o V % 

5.68 5.20 2.39 6.72 1.00 ]L79 
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3.8.3 Plasma insulin and glucose analysis 

Dr. J. Morlese at the Chelsea and Westminster Hospital analysed plasma insulin 

and glucose concentrations from all collected plasma samples. Plasma glucose 

concentration was measured using an automated glucose analyser AU600 (Olympus 

Diagnostics, Southall, UK). Plasma insulin concentration was measured using an 

automated ELISA assay (ES700; Roche Diagnostics, Lewes, UK). The method has a 40% 

cross-reactivity with pro-insulin. The between-assay coefficient of variation was 10.5% 

(10.5 mU/L). 

3.9 Indirect calorimetry 

A Deltatrac indirect calorimeter (Datex Instrumentarium Corp, Helsinki, Finland) 

was used. The patient was supine on a bed with a ventilated hood placed over their head, 

through which room air was drawn at a fixed flow rate of 40 1/minute. A sampling line 

attached to the Deltatrac and hanging free or attached to the inflow of the hood allowed 

analysis of the CO2 and O2 content in inspired air. Expired air was collected from the hood 

and analysed for CO2 and O2 content. Calculation of energy expenditure was based on the 

assumption that all O2 consumed was used to oxidise substrates and all CO2 produced 

through oxidation was excreted on breath [Ferrannini 1988]. VCO2 values provided 

information on total CO2 excretion so that ['^C] enriched CO2 could be calculated as a 

fraction of the total CO2 expired. The differences in CO2 and O2 content between inspired 

and expired air allowed the calculation of the volume of oxygen consumed (VO2 ml/min) 

and the volume of CO2 excreted (VCO2 ml/min). Using this information, energy 

expenditure and respiratory exchange ratio (RER) were calculated according to the Weir 

equation [Weir 1949]. The RER is a ratio of the oxygen consumption and carbon dioxide 

production and can be used as an indicator of the substrate being oxidised, for example, for 

glucose: 

CWSuGk + 6O2 » 6CO2 + 6HbO - Zai 

In order to oxidise one molecule of glucose, 6 molecules of oxygen are required 

and 6 molecules of carbon dioxide are produced. Therefore, the oxidation of carbohydrate 
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produces a RER of 6/6 or 1. Lipid produces an RER of 0.7. However, the metabolic fuel 

being oxidised at any one time consists of a mixture of substrates with the RER indicating 

the primary substrate being oxidised at that time, for example, a RER of 0.98 is 

predominantly carbohydrate while an RER of 0.75 is predominantly lipid. 

The stoichometric equations of Frayn (1983) allow the measurement of both 

carbohydrate and fat utilisation from the measurement of CO2 excretion (VCO2) and O2 

consumption (VO2) in litres per minute and urinary nitrogen excretion (n) in grams per 

minute; 

Carbohydrate utilisation (g/min) = 4.55 VCO2 - 3.21 VO2 - 6.04 n 

Fat utilisation (g/min) = 1.67 VO2 - 1.67 VCO2 - 1.92 n 

The values obtained for carbohydrate utilisation represent carbohydrate oxidation 

plus conversion to fat minus carbohydrate synthesis and the values for fat utilisation 

represent the balance between fat oxidation and fat synthesis. Where negative fat 

utilisation values are obtained with RER values of more than one, there is a net fat 

accretion due to increased lipogenesis. Where RER values near 0.7 are achieved, this may 

represent elevated gluconeogenesis, possibly from alanine and fat oxidation may be 

underestimated. These equations are rearranged from the initial equations; 

V02(l/min) = 0.746c+ 2.03f+6.04n 

VC02 (1/min) = 0.746c + 1.43f + 4.89n 

The values for carbohydrate (c), fat (f) and nitrogen (n) utilisation are based on the 

values in table 3.5. An estimate of urinary nitrogen excretion of 0.0093 g/min was used to 

correct for protein oxidation. This value allows for a daily urinary nitrogen excretion in the 

order of 14g N/d (common laboratory urea nitrogen reference range 6-17g/d). Calculation 

of carbohydrate and fat utilisation using these equations assumes that; a), all oxygen 

inspired and all carbon dioxide expired are used for substrate oxidation and, b). the 

conversion of fuels to intermediates results in intermediate oxidation i.e. glucose 

conversion to lactate and subsequent lactate oxidation. These assumptions may not hold 

true if intermediates are formed, or the processes of gluconeogenesis or lipogenesis occur 

without subsequent oxidation i.e. storage or excretion without CO2 production. Such 

66 



situations are observed in patients suffering from sepsis following injury or surgery where 

glucose production continues despite hyperglycaemia [Gump etal. 1974]. It is unclear how 

chronic infection such as HIV or the presence of lipodystrophy may influence the 

assumptions underlying the use of these equations. Elevated plasma lactate concentrations 

within the lipodystrophic HIV population have been reported [Kotler & Engelson 2000]. 

By estimating the size of the plasma lactate compartment (plasma lactate concentration x 

plasma volume), the VO2 and VCO2 used in lactate synthesis can be calculated and the 

measured VO2 and VCO2 values can be corrected. The H^ ions generated in lactate 

formation may also displace CO2 from bicarbonate and have an effect on CO2 excretion on 

breath, although the correction required for this is thought to be very small unless there is a 

rapid increase in lactate concentration [Frayn 1983]. Frayn states that "it is not strictly 

possible, from indirect calorimetry alone, to calculate true rates of oxidation of either 

carbohydrate or fat" and "without other information, e.g., from isotopic studies, it is not 

possible to put any more detailed interpretation on the calculated rates". The values 

presented in the following chapters are not corrected for lactate and can only be used to 

discuss substrate utilisation in mind of the assumptions discussed above. The stable isotope 

data indicates the recovery of label on breath over the 7 hour period. While plasma 

lactate was not measured in the groups studied, the recovery of label on breath in the HIV 

groups with and without lipodystrophy is similar to those observed in the controls. 
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Table 3.5 Volumes of O2 consumed and CO2 produced in oxidation of various 

fuels [Frayn 1983]. * One gram of urinary nitrogen is assumed to arise 

from 6.25 g protein and volumes are expressed per g urinary nitrogen. 

Fuel O2 (E/g fud) CO2 (1/g fuel) 

Glucose 0 746 0 746 
Fat 2.03 1.43 

Protein 0 966 0.782 
6CW* 4 89* 
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3.10 Anthropometry 

On each study day, patients were weighed using digital scales following removal of 

shoes, jackets or heavy items of clothing and contents of pockets. Height was measured 

using a wall-mounted stadiometer and body mass index (BMI) was then calculated (weight 

kg/height m^). Using a non-metal anthropometric tape measure, the waist circumference 

was measured at the midpoint between the lower rib margin and the iliac crest on bare 

skin. The hip measurement was taken at the widest point around the buttocks over the 

subject's clothes with removal of items from pockets. The waist circumference, hip 

circumference and waist to hip ratio were used as crude measures of changes in abdominal 

fat storage or gluteal wasting over time. While waist circumference has been shown to be 

comparable to methods such as computed tomography and magnetic resonance imaging 

scanning for the prediction of abdominal visceral fat mass, waist: hip ratio is a weak 

predictor of both total and visceral abdominal fat [Clasey et al. 1999]. 

A skinfold measurement at the triceps site was also taken using Harpenden 

callipers, which measure a double layer of fat, and used to assess the amount of 

subcutaneous adipose tissue at this site [Dumin & Rahaman 1967]. Three measurements 

were made halfway between the acromium process and the olecronon, at the centre of the 

back of the arm and the mid upper arm circumference (MUAC) was measured. Mid upper 

arm muscle circumference (MUAMC) was then estimated by deducting the subcutaneous 

adipose tissue, indicated by triceps skinfold (TSF) measurement, from the MUAC 

[Heymsfield et al. 1982]. MUAMC was calculated using the equation; MUAMC (mm) = 

MUAC (mm) -4.18 TSF (mm). These values were not used to estimate whole body fat and 

fat free mass as the skinfold was only measured at one site and not the four sites 

recommended by Durnin and Womersley (1974) for whole body estimates. In addition, 

the calculation of whole body fat mass from subcutaneous skinfold measurement assumes 

a constant relationship between subcutaneous adipose tissue (SAT) and visceral adipose 

tissue (VAT). In the lipodystrophy group, there already existed an imbalance in the 

adipose patterning between subcutaneous and visceral stores, so that it was inappropriate to 

use this equation without including the variable SAT: VAT ratio. Also, while the equation 

factors age and gender in order to compensate for age and gender related differences in 

adipose tissue patterning, it was not known whether HIV infection alone might alter the 

relationship between visceral and subcutaneous adipose tissue. 
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Monofrequency bioelectrical impedance (BIA) was used to estimate body fat using 

the Bodystat 1500 (Bodystat, Isle of Man, UK) to measure impedance. Electrodes were 

attached to the subject's right hand, behind the knuckle of the middle finger and on the 

wrist next to the ulnar head, and to the right foot, behind the second toe and on the ankle 

between the medial and lateral malleoli. A current of 800 p,A was passed from one set of 

electrodes at a frequency of 50 MHz. The voltage drop, measured at the proximal 

electrodes, allowed calculation of the impedance by the tissues through which the 

alternating current passed. Impedance was defined by the equation: + Xc^. Where 

Z is impedance (ohms), R is resistance (ohms) and Xc is reactance (ohms). The values, 

measured by BIA, for resistance and reactance (capacitance) were based on a circuit 

containing a resistor (extracellular water) and capacitor (the lipid component of the 

membranes in the body cell mass). Fat and fat &ee mass were then calculated using a 

predictive equation based on the impedance value together with height, weight, age and 

gender [Lukaski et al. 1985]. BIA was carried out prior to the evening meal, after emptying 

the bladder and following removal of the indwelling cannula and intravenous saline 

infusion to reduce the measured impedance to that produced by the tissues only. 

3.10.1 Test of measurement variability within an individual 

A 52-year-old male had ten consecutive measures within a 2-hour period, using the 

anthropometric methods used in this study, to assess the coefficient of variation (CV) 

produced by operator error. While weight and height were repeatable measures, as would 

be expected using precise equipment, with a CV close to zero, triceps skinfold and 

measurements of circumference at the mid upper arm, waist and hips had a higher CV. The 

triceps skinfold measurement was most variable as it was possible for to either place the 

callipers at a different point over the triceps or take a different skin fold at consecutive 

measures. The measurement of waist circumference was also variable, more so than the 

hips but together providing a higher variability in the waist; hip ratio. The CV for all these 

measures was less than 5 % (see Table 3.6). The CV was less than 1 % for all BIA 

repeated measures (see Table 3.7), in part, possibly due to the close to zero variability in 

height and weight measures. The electrodes were removed and replaced each time and as 

placement of the electrodes is known to influence the results, this suggested that placing of 

the electrodes was repeatable. 
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3.10.2 Test of biological variability within an individual 

The same 52-year-old male returned to the Clinical Nutrition and Metabolism Unit 

on five separate occasions to repeat the anthropometric measures and, taking into account 

the precision of the measures, the biological variability observed over the period was 

calculated. Measurements were made between one and seven days apart over a thirteen-

day period (see Table 3.8). Unlike the data presented above, there was a small variability in 

height (CV 0.27%). The subject was measured at approximately the same time each day to 

reduce the influence of compression of the spine throughout the day and shoes were 

removed before each measurement, the neck was also stretched to again alleviate 

compression of the spine. Weight varied between measurements but the CV was less than 

1 %. The variability seen in triceps skinfold measurements over this thirteen day period 

was more than twice that observed during repeated measures on the same day, suggesting a 

biological variability over this period of almost 5 %. The MUAC and hip circumference 

measurements showed a variability of more than twice that shown during repeated 

measures on the same day, again suggesting a biological variability over this period. 

While BIA measures repeated on the same day produced a CV of less than 1 %, repeated 

measures over the thirteen day period have much higher CV's (see Table 3.9) possibly due 

to differences in the state of hydration at the time of measurement. All measurements were 

made in the fasted state, with the subject having eaten or drunk nothing except water for at 

least 10 hours prior to the measurement. 

The results suggest that using the anthropometric measures, a biological variability 

within an individual of up to approximately 10 % can be expected with up to 5 % being 

explained by error in the precision of the repeated measures incurred by the operator. For 

BIA, the precision was better (< 1 %) but the biological variability within an individual 

over time could be up to approximately 5 %, possibly related to differences in the state of 

hydration in the individual over time. It is important to know the extent to which variability 

in the results, both within and between subjects, can be attributed to either operator error or 

biological variation over short periods of time. This enables the researcher to assess 

whether differences within and between individuals over time are true differences. 
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Table 3.6 A test of within individual variability using ten measurements made 

within two hours of height, weight, tricep skinfold, mid upper arm 

circumference (MUAC), waist circumference, hip circumference and 

the calculated waist: hip ratio. Data is presented as means and standard 

deviations. 

TEST ()]F AdCELAJSTOTRjEIVIICrfTr E:RR()R TH/ITTIIION vUV 

No. Ht w t Tricep MUAC Waist Hip W:H 

(m) (kg) Skinfold (mm) Circ Circ. Ratio 

(mm) (cm) (cm) 

1 1.71 84.4 15^ 35 3 100 116 0 86 

2 1.71 84.4 15 2 35.1 102 127 0 80 

3 1.71 84.4 15 2 34.9 102 121 0.84 

4 171 84.4 15^ 34.7 108 120 0.90 

5 1.71 84.4 15 j 34 1 106 115 0.92 

6 L71 84.4 16 6 345 96 117 0.82 

7 L71 84.4 164 34^ 102 118 0.86 

8 1.71 84.4 15 8 345 101 119 0 85 

9 1.71 84.4 162 34 7 105 118 0.89 

10 1.71 84.4 15^ 34 9 102 118 0.86 

MEAN 1.71 84.4 15.7 34/7 102 119 0 86 

SD 0.00 0.00 a57 0 35 3 3^ 3 35 0.04 

cv% 0.00 0.00 3 61 1.00 3 26 2 82 421 
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Table 3.7 A test of within individual variability using ten measurements made 

within two hours using Bioelectrical impedance (Bodystat 1500) to 

measure impedance and to predict the percentage of fat mass and fat 

free mass and the weight of fat and fat free mass in kilograms. Data is 

presented as means and standard deviations. 

BIOELECTRICAL IMPEDANCE ANALYSIS 

No. Fat Fat LBM LBM Impedance 

(kg) (%) (kg) (%) (O) 

1 204 24 2 60 2 432 

2 20 3 24 1 60 3 75 9 431 

3 20 3 24 1 60.3 75 9 431 

4 2&3 24.1 60.3 75 9 431 

5 2&3 24 1 60 3 75^ 431 

6 20 3 24 1 60.3 75 9 431 

7 2&3 24.1 60.3 75 9 431 

8 20 3 24.1 60 3 75 9 431 

9 20 3 241 60 3 75 9 431 

10 20 3 24 1 60 3 75 9 431 

MEAN 2&3 24 1 60 3 75 9 431 

SD 0.03 &03 0 03 0.03 0 32 

c v % 0 16 0 13 0.05 0.04 0 07 
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Table 3.8 A test of within individual biological variability using five 

measurements made over a thirteen day period of height, weight, 

tricep skinfold, mid upper arm circumference (MUAC), waist 

circumference, hip circumference and the calculated waist:hip ratio. 

Data is presented as means and standard deviations. 

No. Ht Wt Tricep MUAC Waist Hip W:H 

(m) (kg) Skinfold (mm) Circ Circ. Ratio 

(mm) (om) (om) 

1 1.71 84.4 15.7 34.7 102 119 0 86 

2 1.71 84.7 16 5 37 0 99 101 0 98 

3 1.71 84.0 18 8 36 0 100 104 0.96 

4 1.72 84.5 15 1 35 1 99 101 0.97 

5 1.71 84.3 16 5 35^ 99 102 0.97 

MEAN 1.71 84.4 16 5 3 i 6 100 105 0.95 

SD 0.46 0.26 14.04 (191 14.88 76.16 0.05 

c v % 0.27 0.31 8 50 257 149 7.22 5 24 
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Table 3.9 A test of within individual biological variability using five 

measurements made over a thirteen day period using Bioelectrical 

impedance (Bodystat 1500) to measure impedance and to predict the 

percentage of fat mass and fat free mass and the weight of fat and fat 

free mass in kilograms. Data is presented as means and standard 

deviations. 

BIOELECTRICAL IMPEDANCE ANALYSIS 

No. Fat Fat LBM LBM Impedance 

(kg) (%) (kg) (%) (Q) 

1 20 3 24 1 60.3 75 9 431 

2 19 1 22L6 65 6 77/4 407 

3 19 3 23 0 64.7 77.0 417 

4 1&5 219 66 0 78.1 406 

5 20 3 24.1 64.0 75 9 431 

MEAN 19.5 23 1 64.1 76 9 418 

SD 0 79 0.96 2.27 0.96 12.28 

CV% 4 04 4.15 3.55 1.25 2.94 
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3.11 Data presentation and statistical analysis 

The results are reported as medians and ranges. Data was treated as non-parametric 

as the normal distribution for these parameters within an HIV infected population was 

unknown and therefore, confirmation that the results fall within a normal distribution 

(normality testing) and were not skewed was unavailable. The Mann-Whitney U Test (the 

non-parametric equivalent of an unpaired t test) was performed to determine if significant 

differences existed between the groups at each time point and the Friedman test (the non-

parametric equivalent of a one way repeated measures ANOVA) was used to determine if 

statistical significance was achieved between repeated measures within a group in the 

intervention study. Significance was assumed if p<0.05. 

Comparison of two groups using a two-sample test at each time point, such as the 

Mann-Whitney U Test, is associated with flaws and does not take into account that 

successive observations on a given subject are likely to be correlated [Matthews et al. 

1990]. In addition, the observation that significance is achieved in one time point and not 

the next, when clearly the two measures are correlated, may not be a correct biological 

interpretation of the data. For these reasons, the results of Mann-Whitney U Tests are 

displayed and discussed, but for more appropriate biological analysis of the data, summary 

measures such as area under the curve are employed to describe the response of individuals 

within groups. Area under the curve is calculated using the trapezium rule where the area 

under the curve between each time point is the product of the time difference and the 

average of the two measurements. 

To examine the audit data collected (chapter 4.0) the data was divided by the 

exposure to different drug classes or combinations (4 groups) and the Kruskall Wallis Test 

with Chi square was used to test significance between the four treatment groups. 

Multivariate analysis was also performed on this data using the Wilks Lambda test to 

determine multiple correlation coefficients, followed by the calculation of partial 

correlation coefficients. 

Prospective power analysis could not be conducted before embarking on these 

studies as the effect size in the primary outcome variable was unknown. Power analysis is 

employed to determine either the sample size for a given power or vice versa, where the 

effect size of the variable of interest is known and the power refers to the power to reject 

the null hypothesis. The primary outcome measure in this study was the postprandial 

kinetic measurement of label within plasma TAG and the null hypothesis would be that 
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there was no difference between the groups in this measure. At the time of designing this 

study, no data was available to show the size and variability of this measure in HIV-

positive males. Therefore, it was not possible to accurately calculate the expected effect 

size between the groups. 

A crude estimate of sample size and power can be produced using approximate 

fasting plasma TAG concentrations for healthy males of this age range (1.0 - 0.3 mmol/1) 

and assuming equal variance between groups. At a significance level (a) of 0.05, estimates 

of sample size for a given power can be produced for a range of effect sizes (difference 

between the mean of the groups). 

Effect size Sample size Sample size Sample size 

(mmol/1) required for a required for a required for a 

power of 0.95 power of 0.90 power of 0.85 

0.5 9 8 6 

0.6-0.7 6 6 5 

0.8 5 3 3 

While this data would suggest that the sample sizes (n=5 to n=8) used in these 

studies have sufficient power to reject the null hypothesis that there is no difference 

between the groups in fasting plasma TAG if these effect sizes are observed, these 

calculations assume an equal variance in the study groups and a normal distribution of 

data. As discussed previously, these assumptions may not be valid for these groups. 

77 



Chapter 4.0 Possible factors associated with and the prevalence of elevated fasting 

plasma triglyceride and glucose concentration in an audit of HAART 

treated patients. 

4.1 Introduction 

An audit of 545 patients treated at the Chelsea and Westminster Hospital was 

undertaken to attempt to identify factors that may be associated with these metabolic 

perturbations. In addition, the prevalence of elevated plasma TAG and glucose was 

examined. As plasma TAG and glucose measurements are more routinely taken on patients 

that have started therapy, patients that were on their first therapy combination and had been 

for more than six months were selected in order to obtain a more homogeneous population. 

The audit included data on the type of therapy, duration of therapy, age and gender of the 

patient, viral load, plasma TAG and glucose. Several of these factors have previously been 

associated with the development of the lipodystrophy syndrome. These are; 1) the duration 

of HAART, 2) elevated plasma TAG [Carr et al. 1999], 3) higher age [Safrin & Grunfeld 

1999] and 4) gender (an increased risk in women) [Martinez et al. 2001]. 

While this data does not provide enough information to assess whether each patient 

does or does not have lipodystrophy, the incidence of hypertriglyceridaemia with or 

without concurrent hyperglycaemia may be suggestive of the percentage of this population 

that have developed or are likely to develop the metabolic syndrome. This data can then be 

compared to previous data on the prevalence of lipodystrophy in HAART treated 

populations to identify if prevalence is similar in different treatment centres. Carr et al. 

(1998) have reported a 64% occurrence of lipodystrophy in HIV infected individuals 

following a mean 13.9 months on PI therapy, while Charing Cross Hospital reported 12.5% 

of patients on protease inhibitor therapy developed lipodystrophy with an elevated plasma 

TAG of 2.6 to 6.3 mmol/1 [Shaw et al. 1998]. Other centres too have reported that 

elevated plasma TAG is seen more commonly with the protease inhibitor ritonavir 

[Sullivan et al. 1998; Paparizos et al. 2000]. 

Following 12.9 months of nevirapine (NNRTI), the reported incidence of 

lipodystrophy, defined by changes in body shape, was 16% [Aldeen etal 1999]. The 

prevalence of lipodystrophy, characterised by elevated plasma TAG and an increased 

VAT;TAT ratio, on exclusively NRTI therapy has been reported to be 63% in a stavudine 
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treated group and 18.8% in a zidovudine treated group [Saint-Marc et al. 1999]. While the 

group treated with NRTFs in isolation is small (n=29), some comparisons may be made. 

In addition to comparing this population to the epidemiological data reported by 

other centres, it is important to verify that the groups that were recruited from the 

population treated at this centre for the subsequent studies reported in this thesis, were 

representative of the population in terms of age, ethnicity and where applicable, the 

combination of HAART used. As discussed previously, females were not selected to take 

part in these studies due to the influence of the menstrual cycle on lipid metabolism and 

also the lesser availability of female volunteers. 

4.2 Aims 

The aims of this audit were; 

1. To determine the prevalence of hypertriglyceridaemia and potential 

metabolic syndrome in this larger population in comparison to figures 

reported by other authors 

2. To examine if elevated plasma lipid or glucose in this population was more 

prevalent with particular therapy exposure or duration 

3. To verify the groups selected for subsequent studies were representative of 

the population in terms of age and ethnicity and where applicable, HAART 

combination used. 
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4.3 Methods 

4.3.1 Data collection and analysis 

The audit was undertaken from a database of patients held at the Chelsea and 

Westminster Hospital by Dr John Morlese. The data reported here was based on an audit of 

545 patients for which plasma TAG and glucose data were obtained while on their first 

therapy combination. Plasma TAG and glucose in the population were tested for normal 

distribution and were found to be non-parametric. The Mann Whitney Test was used to test 

significance between males and females, and the Kruskall Wallis Test with Chi square was 

used to test significance between the four treatment groups. Multivariate analysis was also 

performed using the Wilks Lambda test to determine multiple correlation coefficients, 

followed by the calculation of partial correlation coefficients. 

4.4 Results 

4.4.1 Patient characterstics 

Figure 4.1 shows the distribution of age within the audit population. The majority 

of patients (79%) are between 25 and 44 years of age. Only 7% of this population are more 

than 55 or less than 20 years old. The ethnic background of the patients is shown in figure 

4.2, 65% of the population are white Caucasian, 16% are black Afro-Caribbean, 1% are 

Indian and 1% are of Chinese origin. Of the 545 patients, 347 (63.7%) are treated with a 

PI/NRTI combination, 3 (0.6%) are treated with PI drugs alone, 29 (5.3%) are treated with 

NRTI drugs alone and 166 (30.5%) are treated with an NRTI/NNRTI combination (table 

4.1). The influence of ethnicity on plasma glucose and TAG concentration has not been 

examined here due to the small numbers in some of the treatment groups. 

4.4.2 Patient age and plasma TAG and glucose concentration 

There is no obvious relationship between age and plasma TAG concentration 

(figure 4.3) in this population, as indicated by the trend line. However, there does appear to 

be a trend towards increased plasma glucose as age increases (figure 4.4), although both 

the TAG and glucose data may be influenced by a survival bias. 
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4.4.3 Patient gender and plasma TAG and glucose concentration 

Plasma TAG concentration (figure 4.5) is higher in the males (median 1.8 mmol/1, 

0.4-15.3) than in the females in this group (1.2 mmol/1, 0.4-7.3; p<0.05). Plasma glucose 

(figure 4.6) is also higher in males (5.1 mmol/1, 3-14.4) compared to females (5 mmoI/1, 

3,7-10.7; p<0.05). However, there is not an even distribution of gender within this group as 

89% of this population are male. 

4.4.4 Duration of therapy and plasma TAG and glucose concentration 

While Univariate linear regression analysis does not show an association between 

duration of therapy and plasma TAG concentration (figure 4.7), there is a non-significant 

trend towards an increase in plasma glucose as the time spent on therapy increases (figure 

4.8). However, multivariate analysis (see section 4.4.8) shows the duration of therapy to be 

the strongest predictor of plasma TAG concentration. 

4.4.5 Type of therapy and plasma TAG and glucose concentration 

The audit data would suggest that hypertriglyceridaemia (plasma TAG >2.3 

mmol/1) is more prevalent with a combination of PI and NRTI therapy (figure 4.9). 

However, this is due to the greater number of patients treated with this combination. When 

plasma TAG is divided into quartiles and each quartile expressed as a percentage of the 

total number of patients in that therapy group, 33% of PI/NRTI combination patients, 44% 

of NRTI patients and 31% ofNRTI/NNRTI combination patients are 

hypertriglyceridaemic (plasma TAG >2.3 mmol/1, table 4.1). 

The data in figure 4.10 also suggests that elevated plasma glucose is more prevalent 

in PI/NRTI combination treated patients. However, when glucose is expressed in quartiles 

relative to the number of patients in each group (table 4.2), 17% of the PI/NRTI 

combination patients, 67% of the PI patients, 28% of the NRTI patients and 17% of the 

NRTI/NNRTI combination patients have elevated plasma glucose (>6.1 mmol/1). While 

this suggests a higher prevalence for the PI alone treated group, there are only 3 patients 

within this group. 
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The individual drugs or combinations of drugs used to treat individuals have not 

been analysed as there were a possible 91 different regimens, providing too small groups to 

draw any inference from the data. 

4.4.6 Viral load and plasma TAG concentration 

Univariate linear regression analysis showed no obvious association in this group 

between viral load and plasma TAG concentration (figure 4.11). However, when viral load 

was analysed for each treatment group (table 4.4), the NRTI group showed a threefold 

higher percentage of patients (62%) with a viral load of more than 100 copies/ml plasma in 

comparison to either of the combination groups (PI/NRTI17%; NRTI/NNRTI23%). 

4.4.7 Plasma glucose and TAG concentration 

As the development of the metabolic syndrome is often associated with 

hypertriglyceridaemia and concurrent hyperglycaemia, the association between plasma 

TAG and glucose was examined in this group (figure 4.12). While there does appear to be 

a trend towards an increase in blood glucose with increasing plasma TAG concentration, 

the trend is weak (r^= 0.0129). Further analysis of this data shows that 56% of patients 

have both plasma glucose and TAG concentrations within the normal range. However, 

10% of patients are hyperglycaemic with normal TAG levels (table 4.3), 25% are 

hypertriglyceridaemic with normal blood glucose and only 9% have both 

hypertriglyceridaemia with concurrent hyperglycaemia. When the data is analysed by 

treatment group, there appears to be an increased incidence of both hypertriglyceridaemia 

and hyperglycaemia with the exclusively NRTI treated group, although this was not 

significant (figure 4.13, table 4.4). A further analysis of the data (table 4.5) shows that 

while age is not different between the treatment groups, the NRTI group have a 

significantly longer duration on therapy (median 1238 days, 219-2628) than both the 

combination groups (PI/NRTI 561 days, 181-1751; NRTI/NNRTI 547 days, 184-1753; 

p<0.05). 
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4.4.8 Multivariate analysis 

The significance of the multiple correlation coefficients determined by the Wilks 

Lambda test for plasma TAG was tested for the variables of therapy type, duration, CD4 

count and viral load. Both therapy duration (R^ = 0.933) and viral load (R^ = 0.598) were 

found to correlate significantly (p<0.05) with plasma TAG concentration. As therapy 

duration may independently correlate with viral load, a partial correlation coefficient was 

calculated to determine the influence of therapy duration on plasma TAG concentration, 

controlling for viral load. Therapy duration remained positively correlated with plasma 

TAG concentration at p<0.05. No significant correlation was found between these 

variables and plasma glucose concentration. 
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Table 4.1 Distribution of HAART therapy types and plasma TAG concentration 

an audit of 545 HIV-positive patients on the first line therapy (no 

significant differences were found between groups). 

Therapy No. % Plasma Plasma Plasma Plasma 

Type on on TAG < 2.3 TAG 2.)^ TAG 5.1- TAG >7.6 

each each mmol/1 5.0 mmol/1 7.5 mmol/1 mmol/1 

T% T i N % N % N % N % 

PI+NRTI 347 63.7 231 67 98 28 14 4 4 1 

PI 3 0.6 3 100 0 - 0 - 0 -

NRTI 29 5.3 16 55 12 41 1 3 0 -

NRTI+ 

NNRTI 
166 30.5 115 69 45 27 5 3 1 0.6 

Total 545 100 365 67 155 28 20 4 5 0.9 
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Table 4.2 Distribution of HAART therapy types and plasma glucose concentration 

- an audit of 545 HIV-positive patients on the first line therapy (537 

patients had recorded plasma glucose measurements, no significant 

differences were found between groups). 

Therapy 

Type 

No. on 

each 

T i 

% 

on 

each 

T% 

Plasma 

glucose 3.0-

6.1 mmol/l 

Plasma 
glucose 
6.2-7.1 
mmol/l 

Plasma 
glucose 
7.2-8.1 
mmol/l 

Plasma 
glucose 
>8.2 
mmol/l 

Therapy 

Type 

No. on 

each 

T i 

% 

on 

each 

T% N % N % N % N % 

PI+NRTI 341 64 284 83 44 13 9 3 4 1 

PI 3 1 1 33 2 67 0 - 0 -

NRTI 29 5 21 72 4 14 2 7 2 7 

NRTIH-

N i w n 
164 30 146 89 13 8 3 2 2 1 

Total 537 100 452 84 63 12 14 3 8 1 
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Table 4.3 Distribution of plasma TAG and glucose concentrations from 405 HIV-

positive patients (no significant differences were found between groups). 

Plasma TAG 

concentration 

(mmoI/1) 

Plasma 

glucose 3.0-

6.1 mmol/1 

Plasma 

glucose 6.2-

7.1 mmol/1 

Plasma 
glucose 
7.2-8.1 
mmol/1 

Plasma 
glucose 
>8.2 
mmol/1 

N % N % N % N % 

<2.3 226 84 33 12 7 3 3 1 

2.4-5.0 89 75 24 20 4 3 3 3 

5.1-7.5 11 73 3 20 0 - 1 7 

>75 2 67 0 - 1 33 0 -
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Table 4.4 Distribution of hypertriglyceridaemia with and without concurrent 

hyperglycaemia and analysis of viral load in each treatment group from 

405 HIV-positive patients by drug class combination (no significant 

differences were found between groups). 

Plasma 

concentration 

PI/NRTI PI only NRTI only NRTI/ 
NNRTI 

(mmol/1) N % N % N % N % 

Total N 347 - 3 - 29 - 166 -

TAG>2.3 116 33 0 - 13 45 51 31 

Glucose>6.1 63 18 2 67 8 28 20 12 

Elevated TAG 

& Glucose 
26 8 0 - 3 10 8 5 

Viral load >100 60 17 0 - 18 62 39 23 

copies/ml 

plasma 
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Table 4.5 Patient age and duration of therapy within the four treatment groups, 

data taken from the 410 of the 545 patients in the audit in which therapy 

had been initiated for more than 180 days. * Statistically significant 

difference between the NRTI and other treatment groups using the 

Kruskall Wallis test (p<0.05). 

PI/PfRTI PI only NRTI only NRTT/NNRT 
I 

Med Range Med Range Med Range Med Range 

Age(y) 37 22-69 40 3941 38 26-64 38 24-69 

Duration of 561 181- 1140 191- *1238 219- 547 184-

therapy (d) 1751 1328 2628 1753 
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Figure 4.1 Distribution of patient ages in an HIV+ population. Results taken from an 

audit of 545 patients at the Chelsea and Westminster Hospital. 
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Figure 4.2 Ethnic background of an fflV+ population taken from an audit of 545 

patients at the Chelsea and Westminster Hospital. 
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Figure 4.3 Patient age and plasma TAG concentration (mmol/l) at routine examination 

in an HIV+ population. Results taken from an audit of 545 patients at the 

Chelsea and Westminster Hospital. 
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Figure 4.4 Patient age and plasma glucose concentration (mmol/1) at routine 

examination in an HIV+ population. Results taken from an audit of 545 

patients at the Chelsea and Westminster Hospital. 

15.0n 

12.5-

10 .0-

0) 

8 
o 

8 
7.5-

5.0-

2.5 

+ + 

+#p-+ 
+ 

+ + 

R^=0.005 

20 30 40 50 60 

Age (years) 
~7Q 80 

92 



Figure 4.5 Patient gender and plasma TAG concentration (mmol/1) at routine 

examination in an HIV+ population. Results taken from an audit of 545 

patients (n=77 female and n= 468 male) at the Chelsea and Westminster 

Hospital. There is a significant difference between males and females using 

the Mann Whitney test (p<0.05). 
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Figure 4.6 Patient gender and plasma glucose concentration (mmol/l) at routine 

examination in an HIV+ population. Results taken from an audit of 545 

patients (n=77 female and n= 468 male) at the Chelsea and Westminster 

Hospital. There is a significant difference between males and females using 

the Mann Whitney test (p<0.05). 
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Figure 4.7 Duration on therapy and plasma TAG concentration (mmol/1) in an HIV+ 

population. Results taken from an audit of 545 patients at the Chelsea and 

Westminster Hospital. 
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Figure 4.8 Plasma glucose concentration (mmol/1) and duration of therapy in an HIV+ 

population. Results taken from an audit of 545 patients at the Chelsea and 

Westminster Hospital (410 patients had plasma glucose measurements 

recorded following more than 6 months of therapy). 
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Figure 4.9 Type of therapy and plasma TAG concentration (mmol/1) in an HIV+ 

population. Results taken from an audit of 545 patients at the Chelsea and 

Westminster Hospital (PI+NRTI n=347, 64%; PI n=3, <1%; NRTI n-29, 

5%; NRTI+NNRTI n=166, 31%). 
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Figure 4.10 Plasma glucose concentration (mmol/1) and therapy type in an HIV+ 

population. Results taken from an audit of 545 patients at the Chelsea and 

Westminster Hospital (405 patients had plasma glucose and TAG 

measurements taken at the same time, no significant differences were found 

between groups). 
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Figure 4.11 Plasma TAG concentration (mmol/1) and viral load in an HIV+ population. 

Results taken from an audit of 545 patients at the Chelsea and Westminster 

Hospital (406 patients had viral load and plasma TAG measurements taken 

at the same time). 
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Figure 4.12 Plasma TAG concentration (mmol/1) and glucose concentration (mmol/1) in 

an HIV+ population. Results taken from an audit of 545 patients at the 

Chelsea and Westminster Hospital (405 patients had plasma glucose and 

TAG measurements taken at the same time). 
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Figure 4.13 Plasma TAG concentration (mmol/1) and glucose concentration (mmol/1) in 

an HIV+ population by drug class combination. Results taken from an audit 

of 545 patients at the Chelsea and Westminster Hospital (405 patients had 

plasma glucose and TAG measurements taken at the same time, no 

significant differences were found between the groups). 

15-1 

14-

13-

12 

o 
E 
& 10 

i u 
3 9-
0 
1 
J 
Q. 

64 

5 

4 

3-J 

• PI 

• NRTI 

° NRTI/NNRTI 

+ PI/NRTI 

6 7 8 9 10 11 12 13 14 15 16 

Plasma TAG (mmol/1) 

A - Hyperglycaemic 

B - Hypertriglyceridaemic 

C - Hypertriglyceridaemic and hyperglycaemic 

101 



4.5 Discussion 

This population was examined in order to determine whether factors such as age, 

gender, therapy type, duration and degree of viral burden were associated with metabolic 

perturbations as previously reported by other authors [Carr etal. 1999; Safrin & Grunfeld 

1999; Martinez et al. 2001]. However, associations do not imply cause and effect and more 

detailed randomised controlled trials are required in order to determine whether causal 

relationships exist. In a non-HIV infected population, factors such as smoking, obesity, 

diet and exercise have been related to the development of hyperlipidaemia [Wilson eta/. 

1996]. Examining these possible lifestyle and anthropometric factors relative to metabolic 

perturbations is without the scope of this audit. 

4.5.1 Patient age and plasma TAG and glucose concentration 

While Safrin & Grunfeld (1999) reported that age was associated with the 

development of lipodystrophy, there does not appear to be a relationship between age and 

plasma TAG concentration in this population, although, there does appear to be a trend 

towards increased plasma glucose as age increases. The degree to which these measures 

may be influenced by a survival bias within the two populations is unknown. In the data 

obtained here, only 5% of the population are above 55 years old with 1% aged 65 and over. 

This does not reflect the general population as, in 1999, the proportion of the population 

aged 65 and over in the United Kingdom was 16 per cent [Percentage of the population 

aged 65 and over: EU Comparison 1960-1999; Social Trends Dataset]. Therefore, 

comparisons between the HIV-infected and healthy populations in terms of the influence of 

age on plasma glucose and lipids may not be appropriate. 

4.5.2 Patient gender and plasma TAG and glucose concentration 

While the data would suggest that both plasma TAG and glucose concentrations are 

higher in HIV-positive males than in HIV-positive females, 89% of this population are 

male and therefore, the female group may not be sufficiently represented for a valid 

comparison. The data reported by Martinez et al. (2001) would suggest the opposite of this 

were true, with females more likely to develop lipodystropy. While this audit data does not 

contain enough information to assess whether or not the patients have lipodystrophy, if an 
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elevated plasma TAG and glucose are associated with lipodystrophy development, as 

reported by Carr et al. (1999) in a large epidemiological study, this data may suggest 

gender differences in either the rate of progression from metabolic to morphologic 

symptoms or aetiology. However, it could highlight possible differences between centres 

in the classification and diagnosis of this complex syndrome. 

4.5.3 Duration and type of therapy and plasma TAG and glucose concentration 

When the data is analysed as a whole, there does not appear to be an association 

between duration of therapy and plasma TAG concentration, although there is a non-

significant trend towards an increase in plasma glucose as the time spent on therapy 

increases. The duration of HAART has previously been reported to be associated with the 

development of lipodystrophy [Carr et al. 1999], although this may be drug class related 

and therefore, masked by the different therapies in this type of analysis. It was not possible 

to examine individual drug exposure or combinations, as the population was too 

heterogeneous with a total of 91 possible combinations used. However, when the drug 

combinations are sorted into four main categories; 1) PI/NRTI, 2) PI only, 3) NRTI only 

and 4) NRTI/NNRTI, the data shows that 33% of PI/NRTI combination patients, 44% of 

NRTI patients and 31% of NRTI/NNRTI combination patients are hypertriglyceridaemic 

(plasma TAG >2.3 mmol/1). It is interesting to note that all these combinations contain at 

least one NRTI, although when this drug class is used exclusively there appears to be more 

of an effect. 

This is not the case for plasma glucose as 2/3 of the PI only group had elevated 

glucose. Although, this group is too small to draw conclusions, this may indicate different 

roles of the two primary drug classes in the development of lipodystrophy. However, larger 

scale studies would be difficult as PI monotherapies are not routinely used. Also, as the 

prevalence of lipodystrophy on PI containing regimens has been reported as being higher 

[Carr et al. 1999], patients are less often given PI containing combinations as the first 

therapy. Of the remaining treatment groups, 17% of the PI/NRTI combination patients, 

28% of the NRTI patients and 16% of the NRTI/NNRTI combination patients have 

elevated plasma glucose (>6.1 mmol/1), exhibiting a similar pattern to the plasma TAG 

data. The percentage of patients in each group that have both hypertriglyceridaemia and 

hyperglycaemia was 8% of the PI/NRTI combination patients, 10% of the NRTI patients 

and 5% of the NRTI/NNRTI combination patients. A similar pattern is emerging whereby 
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it appears that NRTI use exclusively is associated with a higher prevalence of elevated 

plasma lipids, glucose and both. If a combination of hypertriglyceridaemia and 

hyperglycaemia is indicative of the metabolic syndrome observed with lipodystrophy, then 

it appears in this group that NRTI use has a higher risk of lipodystrophy development. 

For the PI/NRTI combination group, these figures are much lower than those 

reported by Carr et al. (1998) (64% occurrence of lipodystrophy with a combination PI 

therapy), but are comparable with those from Shaw et al. (1998) (12.5% occurrence of 

lipodystrophy with a combination PI therapy). The suggestion that elevated plasma TAG is 

seen more often with PI therapy [Sullivan et al. 1998; Paparizos et al. 2000] does not 

appear to be supported by this data. However, there may be differences in therapy duration, 

specific drugs analysed and patient characteristics between the two study populations. 

For the NRTI/NNRTI group, the prevalence of hyperglycaemia within the group 

(17%) is similar to the reported incidence of lipodystrophy by Aldeen et al (1999), defined 

by changes in body shape (16%). 

For an exclusively NRTI treated group, the prevalence of lipodystrophy, 

characterised by elevated plasma TAG and an increased VAT:TAT ratio, has been reported 

to be between 18.8% and 63% depending on drug used [Saint-Marc et al 1999]. The data 

analysed here falls into this range for the prevalence of hypertriglyceridaemia (44%) or 

hyperglycaemia (28%) independently, although only 10% of this group exhibit both of 

these traits concurrently. 

In order to explain these differences in prevalence of these metabolic parameters 

between the different treatment groups, the median duration of therapy within each 

treatment group was examined. The NRTI group shows a significantly longer duration on 

therapy (55% >1000 days; p<0.05) than either of the combination groups (PI/NRTI 12% 

>1000 days or NRTI/NNRTI 8% >1000 days). The PI group also show a longer median 

time on therapy (67% >1000 days), although this is not significant due to the small sample 

size. 

In addition, very limited data has been collected on these individuals and it is 

unclear if the NRTI treated group have other factors, such as lifestyle factors that would 

predispose them to a higher prevalence of metabolic perturbation than the other treatment 

groups. 
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4.5.4 Viral load and plasma TAG concentration 

There was no obvious association in this group between viral load and plasma TAG 

concentration. This would suggest that in HAART treated patients the plasma TAG 

concentration is independent of the degree of viral replication. However, when the data is 

analysed according to the different treatment groups, it appears that the NRTI group have a 

higher prevalence of patients (62%) with an increased viral load (more than 100 copies/ml 

plasma) in comparison to either the PI/NRTI group (17%) or the NRTI/NNRTI group 

(23%). This again may help to explain the apparent higher incidences of elevated plasma 

TAG and glucose within this group, as elevated viral load is used as a marker for both 

treatment failure and disease severity. The higher the infective burden, the more metabolic 

perturbations would be expected to be seen as reported by authors in patients prior to the 

HAART era [Gomez-Sirvent et al. 1994; Christeff et al. 1995; Fernandez-Miranda et al. 

1998]. 

4.5.5 Comparison of the audit population to the study groups 

It is important to verify that the groups that we have selected for study from the 

larger population treated at this centre, are representative of the population. The insert in 

figure 4.1 shows that in the groups selected for study there is an over-representation of 

patients aged 45 to 54 years and a comparative under-representation of patients aged 25 to 

34 years. This may be due to the inclusion of two treatment groups with lipodystrophy 

(chapter 7.0) and may reflect the influence of age on the development of lipodystrophy in 

more homogeneous populations. The groups were selected in chapter 7.0 on the basis of 

elevated plasma triglyceride and self-reported changes in body shape. While the audit did 

not include anthropometry measures, the incidence of hypertriglyceridaemia based on the 

audit data is almost half of the exclusively NRTI treated patients and one third of the 

PI/NRTI combination treated patients. This would suggest that the groups selected for 

study may represent a reasonable percentage of the patients treated with the same drug 

classes. While the study subjects did not represent all of the ethnic backgrounds observed 

in the audit, the two largest groups of white Caucasian and black Afro-Caribbean were 

represented. 
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4.6 Summary 

The aims of this study were to assess and compare the prevalence of elevated 

plasma TAG and glucose concentration in this audit population to values reported by other 

authors, to look for factors that may be associated with these metabolic perturbations and 

to examine whether the populations selected for study were representative of a larger 

population of patients from the same treatment centre. The results demonstrate that: 

1. A comparison of the prevalence of hypertriglyceridaemia and hyperglycaemia with 

the prevalence of lipodystrophy reported in the literature; 

a. In the NRTI treated group, the prevalence of hypertriglyceridaemia or 

hyperglycaemia independently agrees with the rates of lipodystrophy 

reported in this group by Saint-Marc etal. (1999), although the prevalence 

of these factors combined is much lower. 

b. In the NRTI/NNRTI combination group, the prevalence of hyperglycaemia 

is the same as the prevalence of body shape changes reported in this group 

by Aldeen etal. (1999) suggesting the possibility that, in this group, the 

metabolic and morphologic alterations may be more closely associated. 

c. In the PI/NRTI combination group, the prevalence of both 

hypertriglyceridaemia and hyperglycaemia is lower than the rates reported 

by Carr et al (1998) but in agreement with those reported by Shaw et al. 

(1998), possibly suggesting differences in sampling time or analysis, or 

inherent differences in the populations studied. 

2. Factors associated with plasma TAG and glucose concentrations; 

a. Age was not associated with elevated plasma TAG concentration although 

there was a trend towards an increased glucose concentration with 

increasing age. 

106 



b. Male gender was associated with significantly higher levels of TAG and 

glucose, although the audit population contained nine times more males 

than females and may therefore, not allow a valid comparison. 

c. Patients exclusively treated with NRTI drugs had approximately 30% 

higher prevalence of hypertriglyceridaemia, a 50% higher prevalence of 

hyperglycaemia and a 25% higher prevalence of both when compared to 

those patients on combination therapies i.e. PI/NRTI or NRTI/NNRTI. 

However, the NRTI group also exhibited a higher median viral load which 

may reflect the efficacy of this treatment and contribute to the higher 

incidence of metabolic perturbations found here. 

d. Two of the three patients treated exclusively with PI drugs had 

hyperglycaemia suggesting an interesting area for further study, although 

patients treated with this therapy are very rare. 

In comparing the audit data to the groups selected for inclusion in these pilot 

studies, it appears that among the study groups there is an over-representation of older 

HIV+ males. This may be a result of the inclusion of two groups selected for the presence 

of lipodystrophy indicating an influence of age, although no association between the 

metabolic perturbations studied and age was found in the audit population. Alternatively, 

the audit population consists of patients on their first HAART combination and may 

contain a relatively larger proportion of younger males depending of course, on the 

duration of infection and age at diagnosis. 

This may have implications for the extrapolation of the data from the subsequent 

metabolic studies to the larger HIV population, although the sample sizes of the groups 

used in the metabolic studies were small and therefore, extrapolating this data to a larger 

population should be done with caution. However, the incidence of hypertriglyceridaemia 

found in both the exclusively NRTI treated patients and the PI/NRTI combination treated 

patients from the audit would suggest that the groups selected for study may represent a 

reasonable percentage of the patients treated with the same drug classes. 
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Chapter 5.0 A comparison of postprandial lipid metabolism in HIV-positive therapy 

naive males and HlV-negative males. 

5.1 Introduction 

HIV infection per se is known to cause alterations in lipid metabolism and elevated 

plasma TAG (>2.3 mmol/1) is prevalent in AIDS [Tikkanen 1990]. Although, it is unclear 

if perturbed lipid metabolism is only present in the advanced symptomatic stages of 

infection [Gomez-Sirvent et al. 1994; Christeff et al. 1995] or already exists in the earlier 

asymptomatic stages of infection. Hellerstein et al. (1993) have reported elevated de novo 

lipogenesis in asymptomatic HIV-positive subjects in comparison to healthy controls using 

the infusion of labelled acetate, but it is unknown whether this results in increases in 

plasma TAG concentration. Other authors have suggested that there is a reduced clearance 

of TAG from plasma [Grunfeld et al. 1991], an increased mobilisation of free fatty acids 

from peripheral adipocytes by lipolysis [Feingold et al 1990; Mulligan et al 1993] and 

that the oxidation of fatty acids may also increase in HIV infection [Mulligan et al 1993; 

Hommes et al 1991]. Plasma NEFA concentration may also be elevated or reduced 

compared to controls depending on the stage of infection [Nunez & Christeff 1994]. 

However, it appears that the characterisation of asymptomatic patients with a high viral 

burden requiring but prior to taking HAART has not been reported. While HAART is 

reported to result in elevated plasma TAG and glucose in comparison to data from a 

healthy population, it is not known what the patients metabolic characteristics are prior to 

taking this therapy and the extent to which this may alter their metabolic response to 

therapy. 

5.2 Aims 

This study was undertaken to examine postprandial lipaemia in HIV-positive males 

prior to taking HAART in comparison to healthy HIV-negative males of similar age in 

order to determine the influence of HIV infection without opportunistic infections or AIDS 

defining illness on lipid metabolism. Using stable isotope labelled fatty acids administered 

as part of a test meal would further elucidate the influence of dietary lipid intake on plasma 

TAG and NEFA concentrations in these groups by examining the residence time of the 

label within plasma TAG and NEFA fractions. A group of HIV-positive males were 
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selected on the basis of being therapy-naive with a high viral load and therefore, both a 

high infective burden while being asymptomatic and a following requirement for HAART. 

5.3 Methods 

The study protocol and methods used have previously been described in the 

General Methods Chapter. 

5.3.1 Subjects 

All HIV-positive males (HIV+, n=6) were recruited at the Chelsea & Westminster 

Hospital and the HIV-negative males (HIV-, n=8) were recruited at the Institute of Human 

Nutrition, Southampton. The criteria for the HIV-positive group were; male, HIV-positive 

with high viral load, asymptomatic with no presence of infection (other than HIV) and 

therapy-naive. The HIV-negative group criteria were; male, similar age to the HIV positive 

group and healthy. Of the HIV-positive group, one subject was found to have a malignant 

tumour within his colon and this set of data was removed from the analysis, leaving n=5. 

All controls were Caucasian, while one of the HIV-positive group was African. Both 

groups consisted of smokers and non-smokers and smokers were asked to abstain from 

smoking for the duration of the trial. However, most had smoked in the morning prior to 

attending the study and insisted that abstaining from smoking for the 7-hour trial period 

was not possible. 
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5.4 Results 

5.4.1 Subject characteristics 

All subjects in the HIV+ group had high viral loads (table 5.1) with a concurrent 

low CD4 count (healthy CD4 count is approximately 1000 x 10̂  cells/litre). All subjects 

were aged between 20 and 55 years old (table 5.2) and the HIV- group (median age 42 

years, 32-55) were selected for as similar age as possible to the HIV+ group (median age 

45 years, 20-47). The HIV+ group were of similar height to the HIV- group but had 

significantly lower body weight (HIV+ 64.3 kg, 56.6-78.0; HIV- 85.1 kg, 68.3-95.7; 

p<0.05) and therefore, a lower body mass index (BMI) (HIV+ 20.8 kg/m^, 19.6-22.3; HIV-

26.6 kg/m^, 23.4-30.5; p<0.05). Three of the five HIV+ subjects and two of the eight HTV-

subjects were smokers. 

5.4.2 Body composition 

The HIV+ group showed significantly lower absolute amounts of both fat mass 

(HIV+ 10.4 kg, 9.0-12.5; HIV-17.5 kg, 11.4-22.8; p<0.05) and fat-&ee mass (HIV+ 53.9 

kg, 47.6-65.5; HIV- 66.8 kg, 56.9-73.0; p<0.05; table 5.3) as measured by BIA. In terms of 

the relative proportions of fat and fat-free mass to overall body weight, the HIV+ group 

had a significantly lower percentage body fat (16.0%, 13.5-17.7) compared the HIV- group 

(21.1%, 15.5-24.5; p<0.05) and therefore, a higher percentage of fat-free mass (HIV+ 

84.0%, 82.3-86.5; HIV- 79.0%, 75.5-84.5; p<0.05). Both waist and hip circumference were 

higher in the HIV- group compared to the HIV+ group (HIV+ waist 836 mm, 715-847, hip 

950 mm, 867-980; HIV- waist 943 mm, 799-1022; hip 1067mm, 945-1120; p<0.05; table 

5.4). However, as both these parameters were significantly higher, when expressed as waist 

to hip ratio both groups were similar (HIV+ 0.86, 0.82-0.88; HIV- 0.89, 0.78-0.92). The 

triceps skinfold measurement was lower in the HIV+ group than in the HIV- group (HIV+ 

8.0 mm, 5.1-11.4; HIV- 14.5 m, 7.1-20.9; p<0.05). The mid-upper arm circumference 

(MUAC) was also lower in the HIV+ group (HIV+ 265 mm, 253-320; HIV- 341 mm, 315-

379; p<0.05). This resulted in the estimated mid-upper arm muscle circumference being 

significantly lower in the HIV+ group (HIV+ 241 mm, 237-284; HIV- 298 mm, 271-320; 

p<0.05). The differences observed between the two groups in these anthropometric 

measures were greater than the 5% variability associated with the measures. 
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5.4.3 Energy expenditure 

Table 5.5 shows the resting energy expenditure (REE) calculated from indirect 

calorimetry measures of VO2 and VCO2 expressed as kJ/day, kJ/kg fat free mass (FFM) 

and as the increase in energy expenditure over the 7 hour period following the meal. This 

was calculated as incremental area under the curve (AUCi). REE (kJ/d) was similar 

between the two groups (HIV+ 7190 kJ/ d, 6312-8485; HIV- 7244 kJ/ d, 6157-8849; ns). 

However, when the REE was expressed per kilogram of FFM to compensate for 

differences in size, the HIV+ group had a higher REE per kg than the HIV- group (HIV+ 

130 kJ/kg FFM, 119-140; HIV-108 kJ/kg FFM, 100-123; p<0.05). There was no 

difference in the magnitude of increase in energy expenditure following the meal (diet-

induced thermogenesis measured as incremental area under the curve) between the two 

groups. 

5.4.4 Substrate oxidation 

Both groups had similar baseline respiratory exchange ratio (RER) values (HIV+ 

0.81, 0.79-0.92; HIV- 0.86, 0.78-0.95; table 5.6) and there was no significant difference in 

the amount of either lipid or carbohydrate oxidised, expressed as grams/hour, in the 

postabsorptive phase between the groups, although baseline lipid oxidation tended to be 

higher in the HIV+ group (HIV+ 3.23 g/h, 0.63-5.14; HIV- 2.58 g/h, 0.23-3.63; ns). 

During the postprandial period, the total lipid and carbohydrate oxidation, 

calculated by area under the curve was similar between the two groups (table 5.7). 

However, the increase in both lipid and carbohydrate oxidation from baseline following the 

meal (AUG.) tended to be lower in the HIV+ group (HIV+ 5.2 g lipid/7h, 2.5-10.4, 4.6 g 

carbohydrate/7h, -3.5-13.9; HIV-10.4 g lipid/7h, 3.2-18.4, 16.2 g carbohydrate/7h, 0-78.2; 

ns). The patterns of both carbohydrate and lipid oxidation over the 7 hour period (figure 

5.1 and 5.2) are not different between the two groups. 

5.4.4.1 Endogenous and exogenous lipid oxidation 

The percentage of tracer recovered on breath over 7 hours was used to calculate 

exogenous lipid oxidation and by difference, endogenous lipid oxidation (table 5.8). The 

percentage of the administered dose of [1-^^C] palmitic acid recovered on breath as 
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at 7 hours tended to be higher in the HIV- group (HIV- 12.5%, 6.8-18.3; HIV+ 6.7%, 4.8-

15.2; ns). As the amount of total lipid oxidised during the postprandial period was similar 

between the groups, there were no significant differences in either the amount of 

endogenous or exogenous lipid oxidised over this period. However, when the pattern of 

exogenous lipid oxidation over the 7 hours is presented as grams per hour (figure 5.4), the 

HIV- group show a significantly higher exogenous or dietary lipid oxidation at 2 hours 

after the meal (HIV+ 0.48 g/h, 0.39-0.62; HIV- 0.85 g/h, 0.57-1.16; p<0.05). 

5.4.5 Energy derived from substrates in the postprandial period 

The relative contributions from carbohydrate, endogenous and exogenous lipids 

(table 5.9) were not significantly different between the two groups. Protein oxidation was 

not measured in this study. 

5.4.6 Plasma triacylglycerol concentration 

There were no significant differences between the groups in fasting plasma 

triacylglycerol (TAG) concentration, area under the curve (AUG) or the incremental area 

under the curve (AUCi) for plasma TAG following the meal. However, one subject in the 

HTV- group had a fasting plasma TAG concentration of 6.8 mmol/1, and two subjects in 

this group had elevated plasma TAG AUG (mmol/l/7h) and incremental AUG (mmol/l/7h) 

at least twofold higher than either the rest of the HIV- group or any subjects in the HIV+ 

group (table 5.10). As a resuh, the pattern of plasma TAG concentration was not 

significantly different between the two groups (figure 5.5). 

5.4.7 Plasma [̂ ^C] triacylglycerol concentration 

The HIV+ group showed a higher [̂ ^G] palmitic acid concentration in plasma TAG 

(figure 5.6) than the HIV- group prior to the meal (HIV+ 0.55 iig/ml, 0.23-2.17; HIV- 0.10 

Hg/ml, 0.05-0.60; p<0.05) and a lower concentration at both 1 hour after the meal (HIV+ 

0.64 |j.g/ml, 0.32-10.06; HIV- 6.70 (ig/ml, 3.01-18.41; p<0.05) and 1.5 hours after the meal 

(HIV+ 3.41 lig/ml, 2.68-7.07; HIV-12.00 |ig/ml, 6.99-37.59; p<0.05). The total amount of 

[̂ ^G] palmitic acid measured in the plasma TAG faction over the 7 hours (AUG) was also 
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lower (table 5.12) in the HIV+ group (HIV+ 13.4 |ig/ml/7h, 5.9-16.3; HIV- 44.9 |j,g/ml/7h, 

29.4-117.3; p<0.05). 

5.4.8 Plasma non-esterified fatty acid concentration 

The HIV+ group tended to have a higher fasting NEFA concentration than the 

HIV- group (HIV+ 0.45 mmol/1, 0.13-0.51; HIV- 0.28 mmol/1, 0.08-0.39; ns). There were 

no significant differences in NEFA AUC, AUQ (table 5.11) or pattern over the 7-hour 

period (figure 5.7). 

5.4.9 Plasma [^^C]-non-esterified fatty acid concentration 

The HIV+ group had a lower concentration of ['^C] palmitic acid in the plasma 

non-esterified fatty acid (NEFA) fi-action following the administration of the meal (table 

5.12), both as AUC over the 7-hours (HIV+ 1.8 |ig/ml/7h, 0.3-5.2; HIV- 3.1 |j,g/ml/7h, 1.7-

3.8; ns) and at 1.5 hours (HIV+ 0.23 |ig/ml/7h, 0.12-0.53; HIV- 0.86 |ig/ml/7h, 0.51-1.51; 

p<0.05) and 2 hours (HIV+ 0.38 ng/ml/7h, 0.12-0.81; HIV- 0.87 |ig/ml/7h, 0.52-1.38; 

p<0.05) after the meal (figure 5.8). 

5.4.10 Plasma insulin and glucose concentration 

While there were no significant differences in fasting plasma insulin concentration 

and insulin expressed as AUC between the two groups (table 5.13), in the late postprandial 

period the HIV+ group had a higher plasma insulin concentration (6h HIV+ 7.9 mU/1, 4.1-

12.7; mV- 4.9 mU/1, 1.5-9.9; 7h HIV+ 7.6 mU/l 4.8-17.9; HIV- 2.8 mU/1, 1.2-6.7; 

p<0.05, figure 5.11). The HIV+ group also had a lower plasma glucose concentration, both 

before the test meal (HIV+ 4.8 mmol/1, 4.4-5.0; HIV- 5.2 mmol/1, 4.9-7.; p<0.05) and as 

AUC over the 7 hours (HIV+ 35.9 mmol/I, 32.0-38.8; HIV- 38.6 mmol/1, 37.3-52.0; 

p<0.05). 
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Table 5.1 Viral load, CD4 and CDS counts of subjects in the HIV-positive, therapy 

naive group (HrV+). 

SUBJECT Viral Load CD4 CDS 

CODE (copies/ml (X celk/L (X 10*̂  cells/L 

plasma) plasma) plasma) 

1 1987172 0 96 

2 168312 65 953 

3 84367 362 661 

4 36783 145 1157 

5 500000 55 877 

Median 168312 65 877 
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Table 5.2 Characteristics of subjects in both the HIV-positive group (HIV+) and 

HIV-negative group (HIV-) including age, height, weight, body mass 

index (BMI) and smoking status. * Statistically significant difference 

between the HIV+ and HIV- group using the Mann Whitney test. 

SUBJECT 

CODE 

AGE 

(Yrs) 

HEIGHT 

(cm) 

WEIGHT 

(kg) 

BMI 

(kg/m^) 

SMOKER 

HIV+ GROUP 

1 45 183 69 8 20 8 YES 

2 45 176 63 8 20 6 YES 

3 20 165 56 6 2&8 YES 

4 44 187 78 0 223 NO 

5 47 181 64.3 19 6 NO 

Median 

(range) 

45 

(20^7) 

181 

(165-187) 

64.3 

(56.6-78.0) 

20 8 

(19.6-22.3) 

m v - GROUP 

1 41 171 68 3 214 NO 

2 32 180 86 0 26 5 YES 

3 47 183 84,2 25 1 NO 

4 43 177 95J 30 5 YES 

5 36 176 816 26 6 NO 

6 36 181 86 8 26 5 NO 

7 55 180 93 1 294 NO 

8 45 175 817 26 7 NO 

Median 

(range) 

42 

(32-55) 

179 

(171-183) 

85 1* 

(68.3-95.7) 

26 6* 

(23.4-30.5) 

* f<O.OS 
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Table 5.3 Results of the bioelectrical impedance analysis (BIA) for fat mass (kg) 

and fat free mass (FFM) (kg), and fat and fat free mass as a percentage 

of total body weight in the HIV-positive (HIV+) and HIV-negative 

(HIV) groups. * Statistically significant difference between the HIV+ 

and HIV- group using the Mann Whitney test. 

SUBJECT FAT (kg) FFM (kg) FAT (%) FFM(%) 

CODE 

HIV+ GROUP 

1 9.4 604 13.5 86 5 

2 113 525 17.7 82 3 

3 9.0 47 6 15 9 84 1 

4 125 65 5 16 0 84.0 

5 1&4 53 9 16 2 83 8 

Median 10 4 53 9 16 0 84 0 

(range) (9.0-12.5) (47.6-65.5) (13.5-17.7) (82.3-86.5) 

m v - GROUP 

1 11.4 569 16 7 83 3 

2 13 3 72.7 15 5 84.5 

3 19.0 65 2 22.6 774 

4 22.7 73 0 23.7 76 3 

5 15 4 662 18 9 81.1 

6 19 5 67 3 225 7T5 

7 22.8 70 3 24 5 75^ 

8 16 0 65J 19 6 804 

Median 17\5* 66.8* 211* 79 0* 

(range) (11.4-22.8) (56.9-73.0) (15.5-24.5) (75.5-84.5) 

* f<0.05 
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Table 5.4 Results of anthropometric measures of waist circumference, hip 

circumference, waist to hip ratio, triceps skinfold, mid upper arm 

circumference (MUAC) and mid upper arm muscle circumference 

(MUAMC) in the HIV-positive (HIV+) and HIV-negative (HIV-) 

groups. * Statistically significant difference between the HIV+ and HTV-

group using the Mann Whitney test. 

SUBJECT 
CODE 

WAIST 
(mm) 

m p 
(mm) 

WAIST: 
m P RATIO 

TRICEP 
SKIN FOLD 

(mm) 

MUAC 
(mm) 

MUAMC 
(mm) 

m v + GROUP 
1 847 975 0 87 5.1 253 237 
2 840 980 0 86 8.0 265 240 
3 715 867 0 82 6.2 260 241 
4 836 950 0 88 11.4 320 284 
5 798 948 &84 8.0 270 245 

Median 
(range) 

836 
(715-847) 

950 
(867-980) 

0 86 
(0.82-0.88) 

8.0 
(5.1-11.4) 

265 
(253-320) 

241 
(237-284) 

HIV GROUP 
1 799 945 0 85 7.1 332 310 
2 880 1073 0 82 17 9 355 299 
3 937 1053 0 89 20 9 337 271 
4 996 1085 0 92 18 9 379 320 
5 824 1060 0 78 10.1 315 283 
6 964 1096 0 88 13.8 327 284 
7 1022 1120 0 91 13.4 356 314 
8 948 1042 0 91 15J2 345 297 

Median 
(range) 

943* 
(799-1022 

1067* 
(945-1120) 

0 89 
(0.78-0.92) 

14 5* 
(7.1-20.9) 

341* 
(315-379) 

298* 
(271-3:»0) 

* M.OS 
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Table 5.5 Resting energy expenditure (REE) measured by indirect calorimetry 

expressed as kilojoules per day (kJ/day) and as kilojoules per kilogram 

of fat free mass (kJ/kg FFM), and energy expenditure over the 7-hour 

postprandial study period calculated by area under the curve in the 

HrV+ and HIV- groups. Fat free mass was measured using bioelectrical 

impedance analysis. * Statistically significant difference between the 

HIV+ and HIV- group using the Mann Whitney test. 

SUBJECT REE REE EE (kJ/7h) 

CODE (kJ/d) (kJ/kg FFM/d) (AUCi) 

HIV+ GROUP 

1 7190 119 466 

2 6312 120 343 

3 6604 139 178 

4 8485 130 264 

5 7524 140 225 

Median 7190 130 264 

(range) (6312-8485) (119-140) (178-466) 

m v GROUP 

1 6157 108 249 

2 7800 107 216 

3 6642 102 845 

4 8849 121 406 

5 7244 109 163 

6 6926 103 253 

7 7010 100 330 

8 8097 123 168 

Median 7244 108* 251 

(range) (6157-8849) (100-123) (163-845) 
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Table 5.6 Respiratory exchange ratio (RER) and postabsorptive substrate 

oxidation in the TTTV+ and HIV- groups, calculated from VCO2 and 

VO2 measured by indirect calorimetry. Lipid and carbohydrate 

oxidation is expressed as grams per hour (g/h) prior to the 

administration of the test meal and emulsion. 

SUBJECT RER LIPID CHO 

CODE Ob OXIDATION OXIDATION 

(g/h) Oh (g/h) Oh 

HIV+ GROUP 

1 0 80 3 94 5 08 

2 0 81 3^3 4k50 

3 0 92 0 63 1184 

4 0 79 5 14 5^3 

5 0 92 113 14 10 

Median 0 81 123 5 43 

(range) (0.79-0.92) (0.63-5.14) (4.50-14.10) 

m v GROUP 

1 0 78 3 63 :L85 

2 0 87 2.53 10 03 

3 0 85 233 7.44 

4 0 88 2 63 12 73 

5 0 85 2 63 8 31 

6 0 88 173 9 72 

7 0.95 &23 13.82 

8 0 85 3 03 9 55 

Median 0 86 258 9.64 

(range) (0.78-0.95) (0.23-3.63) (2.85-13.82) 
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Table 5.7 Lipid and carbohydrate oxidation over the 7-hour period following 

administration of the emulsion and test meal, expressed as grams per 7-

hours (g/7h), calculated by area under the curve (AUC) and also 

expressed as the incremental area under the curve (AUCi), showing the 

change from baseline in the postprandial period. 

SUBJECT LIPID CHO LIPID CHO 

CODE OXIDATION OXIDATION OXIDATION OXIDATION 

jUUCO^Vh) AUC (g/7h) AUCi (gf7h) AUC,(gf7h) 

HIV+ GROUP 

1 37J 39 3 10 4 4.6 

2 25 4 42L6 3.3 13 9 

3 9.9 79 6 5.7 -2.1 

4 37.7 48 6 2.5 115 

5 12 8 93 8 5.2 -3.5 

Median 25 4 48 6 5.2 4.6 

(range) (9.9-37.7) (39.3-93.8) (2.5-10.4) (-3.5-13.9) 

m v - GROUP 

1 32 6 18 3 7.1 3.3 

2 3&5 50 9 12 7 0.5 

3 30 4 60 8 18 4 17 8 

4 35J 716 172 0 

5 30 7 74 8 12 3 24/7 

6 20 0 64.3 8.4 17 2 

7 7.3 103 5 5.9 15^ 

8 20 0 19 0 3.2 78 2 

Median 30 5 62 6 104 162 

(range) (7.3-35.7) (18.3-103.5) (3.2-18.4) (0-78.2) 
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Table 5.8 The calculation of the endogenous and exogenous sources of lipid 

oxidised over the 7-hour period (g/7h) using the percentage of " C label 

recovered on breath over 7-hours, together with the amount of lipid in 

the test meal and the total lipid oxidised over the 7-hour period, 

calculated from the area under the curve (AUC). 

SUBJECT 
CODE 

% 
Administere 
d "C Dose 

Excreted on 
Breath over 

7h 

Lipid 
(g)m 
Test 
meal 

TOTAL 
LIPID OX. 

(AUC) 
(g/7h) 

EXOGENOUS 
LIPID OX. 

(g/7h) 

ENDOGENOUS 
LIPID OX. 

(g/7h) 

HIV+ GROUP 

1 15 j 45J 37 3 6.7 30 4 

2 4.8 45 3 25.4 2.2 23/2 

3 6.7 45 3 9.9 3.1 6.9 

4 10 7 45J 37.7 4.8 32 8 

5 6.7 45J 12 8 3.0 9.8 

Median 

(range) 

6.7 
(4.8-15.2) 

45 3 25^ 

(9.9-37.7) 

3.1 
(2.2-6.9) 

23/2 
(6.9-32.8) 

m v - GROUP 

1 12 2 45 3 32 6 5.5 271 

2 118 45J 30 5 5.3 25.1 

3 18 3 45J 30.4 8.3 22.1 

4 13^ 45 3 35^ 6.0 29 7 

5 12 8 45 3 30 7 5.8 24 9 

6 8.4 45 3 20.0 3.8 16/2 

7 6.7 45J 7.3 3.0 4.3 

8 12.9 45J 20 0 5.9 14.1 

Median 

(range) 

125 
(6.7-18.3) 

45J 3&5 
(7.3-35.7) 

5.7 
(3.0-8.3) 

23^ 
(4.3-29.7) 
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Table 5.9 Calculation of the proportion of energy expended over the 7-hour 

period derived from carbohydrate (CHO), endogenous lipid and 

exogenous lipid. 

SUBJECT 
CODE 

EXOG 
LIPID 
(kJ/7h) 

ENDOG 
LIPID 
(kJ/7h) 

CHO 
(kJ/7h) 

ENERGY 
EXPENDED 

(kJ/7h) 
(AUCo) 

EXOG 
LIPID 

(% 
EE) 

ENDOG 
LIPID 
(% EE) 

CHO 
(% EE) 

m v + G R OUP 

1 261 1155 629 2540 10 45 25 

2 83 880 681 2148 4 41 32 

3 116 260 1274 2083 6 12 61 

4 184 1248 778 2707 7 46 29 

5 114 371 1501 2389 5 16 63 

Median 

(range) 

116 

(83-

261) 

880 

(260-1248) 

778 

(629-1501) 

2389 

(2083-2707) 

6 

(4-10) 

41 

(12-46) 

32 

(25-63) 

HIV- GR' 3UP 

1 204 1002 293 2048 10 49 14 
2 198 929 814 2478 8 37 33 

3 309 976 972 2782 5 15 35 

4 223 1096 1146 2987 3 16 38 

5 215 922 1197 2627 8 35 46 

6 140 601 1028 2273 6 26 45 

7 140 172 1656 2374 6 7 70 

8 140 209 304 2488 6 8 12 

Median 

(range) 

209 

(140-

309) 

926 

(172-1096) 

1000 

(293-1656) 

2483 

(2048-2987) 

6 

(3-10) 

21 

(7-49) 

37 

(12-70) 
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Table 5.10 Plasma triacylglycerol (TAG) concentration expressed as mmol/litre 

before the meal (fasting), in the 7 hours following the meal (AUC) and 

the change in plasma TAG from fasting following administration of the 

test meal and emulsion, calculated as the incremental area under the 

curve (AUCi). 

SUBJECT 
CODE 

FASTING 
TAG 

(mmol/1) 

POSTPRANDIAL 
PLASMA TAG 

AUC (mmol/l/7h) 

PEAK 
PLASMA 

TAG 
VALUE 
(mmol/1) 

POSTPRANDIAL 
TAG 

ItlCSiPlCMPfSWE vlUC, 
(mmol/1 over 7h) 

m V + GROUP 

1 1.6 117 2.0 1.0 

2 1.0 9.7 1.8 2.9 

3 1.4 6.1 1.4 0 

4 1.2 9.4 2.0 1.2 

5 0.9 8.2 1.5 2.2 

Median 1.2 8.9 1.8 1.2 

(range) (0.9-1.6) (6.1-11.7) (1.4-2.0) (0-2.9) 

m v GROUP 

1 0.4 4.4 0.8 1.6 

2 0.5 5.2 1.0 1.7 

3 2.0 24^ 5.2 10 6 

4 6.8 57^ 9.0 10 2 

5 1.1 9.2 1.5 1.5 

6 0.9 8.5 1.5 2.4 

7 0.6 7.4 1.2 3.1 

8 0.9 8.5 1.6 2.4 

Median 0.9 8.5 1.5 2.4 

(range) (0.4-6.8) (4.4-57.5) (0.8-9.0) (1.5-10.6) 
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Table 5.11 Plasma non-esterifled fatty acid (NEFA) concentration expressed as 

mmol/litre before the meal (fasting), in the 7 hours following the meal 

(AUC) and the change in plasma TAG from fasting following 

administration of the test meal and emulsion, calculated as the 

incremental area under the curve (AUQ). 

SUBJECT 
CODE 

FASTING 
NEFA 

(mmol/1) 

POSTPRANDIAL 
PLASMA NEFA 
AUC (mmol/l/7h) 

]ROSTPBUJ*DLlLmGFA 
RESPONSE AUCi 
(mmol/1 over 7h) 

HIV+ GROUP 

1 045 2.92 0 57 

2 0 39 (X71 0.00 

3 0.13 138 0 55 

4 0.51 166 0.00 

5 &47 1.15 0.00 

Median 0.45 158 0 00 

(range) C113-0 51) (0.71-2.92) (0.00-0.57) 

m v - GROUP 

1 0 30 143 0 10 

2 0 14 123 0.29 

3 0 32 2 26 0.49 

4 0 39 1.93 ()01 

5 0 30 1.45 0 18 

6 0 22 126 0.04 

7 0 08 0 85 0 30 

8 0.26 169 0.20 

Median 0 28 1.44 0 19 

(range) (0.08-0.39) (0.85-2.26) (0.01-0.49) 

124 



Table 5.12 Plasma [̂ ^C] palmitic acid within triacylglycerol (^^C-TAG) and within 

non-esterified fatty acid (^^C-NEFA) expressed as p.g/ml following 

administration of the emulsion containing 700 mg [1-^^C] palmitic acid 

and test meal, calculated as the incremental area under the curve 

(AUCi). * Statistically significant difference between the HIV+ and HIV-

group using the Mann Whitney test. 

SUBJECT 
CODE 

["C]-TAG 
(H%/ml/7h) 

["C]-NEFA 
(Hg/ml/7h) 

HIV+ GROUP 

1 16 3 5.2 

2 5.9 0.3 

3 15 0 1.6 

4 10 2 2.1 
5 12.1 0.5 

Median 13.4 1.8 

(range) (5.9-16.3) (0.3-5.2) 

m v - GROUP 
1 294 3.3 

2 33 j 2.5 

3 117.3 3.8 

4 115.2 3.0 

5 47.1 2.3 

6 38 1 3.4 
7 42/7 1.7 

8 4%7 3.6 

Median 44 9* 3.1 

(range) (29.4-117.3) (1.7-3.8) 

* f=0.002 
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Table 5.13 Fasting and postprandial plasma insulin and glucose concentrations 

calculated as the area under the curve from zero (AUCo) and 

incremental area under the curve (AUQ). * Statistically significant 

difference between the HTV+ and HIV- group using the Mann Whitney 

test (p<0.05). 

SUBJECT 

CODE 

FASTING 

PLASMA 

mSULIN 

(mU/1) 

PLASMA 

INSULIN 

AUC 

(mU/l/Th) 

PLASMA 

INSULIN 

AUC, 

(mU/l/7h) 

FASTING 

PLASMA 

GLUCOSE 

(mmol/I) 

PLASMA 

GLUCOSE 

AUC 

(mmol/l/7h) 

PLASMA 

GLUCOSE 

AUC. 

(mmoI/I/7h) 

HIV+ GROt IP 

1 4.3 86 3 56 1 4.4 32.0 2.3 
2 7.7 133.6 79 6 4.8 38 8 5.3 
3 13 7 135 1 78 6 4.7 33 5 2.4 
4 12 3 266 2 180 7 5.0 375 7.0 
5 10.4 106 6 40.7 5.0 35^ 1.8 

Median 

(range) 
10 4 

(4.3-13.7) 
133.6 

(86.3-266.2) 
78 6 

(40.7-180.7) 
4.8 

(4.4-5.0) 
35 9 

(32.0-38.8) 
2.4 

(1.8-7.0) 

HIV- GROUP 

1 0.9 87 1 80 8 5.2 38 6 5.0 

2 1.0 43 2 36 2 5.8 40 2 3.3 

3 7.8 178.1 1421 4.9 37J 5.5 

4 10 5 219.1 150 1 7.5 52.0 8.7 

5 7.4 170 3 124 1 5.1 374 2.2 

6 7.7 183 6 142 5 5.2 39 9 5.3 

7 7.7 140 7 98 4 6.9 3&2 10 1 

8 5.5 151.3 118 3 5.7 42 3 3.3 

Median 

(range) 
7.4 

(0.9-10.5) 
170.3 

(43.2-219.1) 
124.1 

(36.2-150.1) 
5^* 

(4.9-7.5) 
38.6* 

(37.3-52.0) 
5.0 

(2.2-10.1) 
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Figure 5.1 Median carbohydrate oxidation during the 7-hour period following 

administration of the emulsion and test meal, expressed as grams per 

hour (g/h) for the HIV- and HIV+ groups. The error bars show the 

minimum and maximum values or range. 
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Figure 5.2 Median lipid oxidation during the 7-hour period following 

administration of the emulsion and test meal, expressed as grams per 

hour (g/h) for the HIV- and HIV+ groups. 
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Figure 5.3 Endogenous lipid oxidation over the 7-hour period following 

administration of the emulsion and test meal, expressed as grams per 

hour (g/h) for the HIV- and H1V+ groups. 
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Figure 5.4 Exogenous lipid oxidation over the 7-hour period following 

administration of the emulsion and test meal, calculated from the 

recovery of label on breath as CO2, expressed as grams per hour (g/h) 

for the HIV- and HIV+ groups. ^Significantly different from the TfTV+ 

group using the Mann Whitney test (P<0.05). 
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Figure 5.5 Plasma triacylglycerol concentrations (mmol/l) during the 7-hour 

period following administration of the emulsion and test meal, for the 

HIV- and HIV+ groups. 

1CX0 

7.5 

5.0 

2.5 

0.0 

-k— HIV+ 

^ H I V -

I L J L 

0 1 2 3 4 5 6 7 8 

Time(h) 

131 



Figure 5.6 Plasma ["C] -triacylglycerol concentrations (fig/m!) during the 7-hour 

period following administration of the emulsion and test meal, for the 

HIV- and HIV+ groups. * Significantly different from the HIV+ group 

using the Mann Whitney test (P<0.05). 
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Figure 5.7 Plasma non-esterified fatty acid (NEFA) concentrations (mmol/1) 

during the 7-hour period following administration of the emulsion and 

test meal, for the HIV- and HIV+ groups. 
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Figure 5.8 Plasma [13C]-non-esterified fatty acid (NEFA) concentrations ((ig/ml) 

during the 7-hour period following administration of the emulsion 

containing 700mg [1-13C] palmitic acid and test meal, for the HIV-

and HTV+ groups. * Significantly different from the HIV+ group using 

the Mann Whitney test (P<0.05). 

£ 
LU 

1.6 

1.4 

1.2 

1.0 

^ g 0.8 

0 . 

0.6 

0.4 

0.2 

0.0 

A-HV+ 

0 1 

Time (h) 

8 

134 



Figure 5.9 Fasting plasma TAG concentrations (mmol/I) compared to the 

postprandial plasma TAG AUC during the 7-hour period following 

administration of the emulsion and test meal (mmol/I/7h) in the HIV+ 

and HIV- groups. 
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Figure 5.10 Association between viral load (copies/ml plasma), CD4 count (x 10 

cells/litre plasma) and body mass index (BMI, kg/m^) in the HIV+ 

group (n=5). 
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Figure 5.11 The change in plasma insulin concentration (mlJ/I) following 

administration of the test meal and for the HIV- and HIV+ groups. 

* Significantly difTerent from the HIV+ group using the Mann Whitney 

test (P<0.05). 
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Figure 5.12 The change in plasma glucose concentration (mmol/l) following 

administration of the test meal and for the HIV- and HrV+ groups. 

"Significantly diRerent from the HIV+ group using the Mann Whitney 

test (P<0.05). 
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5.5 Discussion 

The study reported in this chapter was the first time that stable isotopes tracers were 

used to investigate the differences in postprandial lipid metabolism between HIV-positive 

subjects and HIV-negative subjects. While the results may indicate differences in the 

partitioning of dietary lipid once absorbed, due to the lack of stool collection and analysis, 

no statements can be made in this chapter as to the degree of absorption of label from the 

diet within these groups. The aim of the chapter was to investigate differences in the 

handling and partitioning of dietary lipid in the postprandial period in HIV-positive males 

compared to healthy males of similar age, in order to assess the influence of HIV infection 

per se on this process. 

5.5.1 Subject characteristics and body composition 

While all subjects in the HIV+ group had high viral load and a significantly lower 

weight for height (BMI) than the HIV- controls, there does appear to be a trend towards a 

lower BMI value with the highest viral loads (figure 5.10). Mulligan et al. (1998) found a 

linear relationship between viral load and energy expenditure suggesting that BMI is 

associated with the degree of viral burden, through an increase in energy expenditure. 

Although this relationship does not persist with the CD4 count possibly suggesting inter-

individual differences in the capacity to maintain an immune response against the virus. In 

addition, viral load may not be a true reflection of viral kinetics [Pantaleo et al. 1993]. 

The composition of the lower body mass observed in the HIV+ group was also 

significantly different to the HIV- group as measured by BIA, with a lower percentage of 

fat mass. As this data has been taken from a single measurement, no inference can be 

drawn from the data on the degree or type of weight change incurred by the HIV+ group. 

However, the literature reports that HIV infection is often associated with a degree of 

weight loss and if this were the case in these patients, then the body composition would 

suggest a starvation-type model of weight loss with a preferential reduction in fat mass in 

order to spare lean tissue. 

The lower measured values for hip and waist circumference and triceps skinfold 

also indicate lower absolute amounts of fat in the HIV+ group, while the lower measured 

MUAC and calculated MUAMC indicate a lesser amount of fat-free mass in the HIV+ 

group. While this appears to support the measurements made by the BIA, more sensitive 

139 



methods such as DEXA, MRI or CT imaging may be required to verify these results, 

although these measures were not within the scope of these studies. 

5.5.2 Energy expenditure 

Resting energy expenditure measured as kilojoules per day by indirect calorimetry 

was not different between the two groups. However, when REE was expressed per 

kilogram of fat-free mass, as measured by BIA, the HIV+ group had significantly greater 

energy expenditure. Elevated REE relative to fat-free mass in HIV+ patients has been 

shown previously [Grunfeld et al. 1992; Salas-Salvado & Garcia-Lorda 2001] and may 

suggest an energy cost associated with chronic infection. However, inferring from this data 

that alterations in REE may be associated with the observed differences in body 

composition may be inappropriate as energy intake relative to total energy expenditure 

(TEE) determines energy balance and neither of these parameters were measured in this 

study. In the study by Salas-Salvado and Garcia-Lorda, the variability observed in REE 

measurements was taken to suggest that hypermetabolism is not a constant feature during 

the course of HIV infection and may be influenced further by the presence of opportunistic 

infections and regulated as a compensatory response to malabsorption. As the variability 

observed in the HIV+ group is no greater than that observed in the HIV- group, it is 

possible that in terms of factors associated with REE, the HIV+ group studied here is more 

homogeneous. In addition, while malabsorption was not assessed within this group, the 

HIV+ subject with the lowest REE/kg FFM also had the highest recovery of label from 

breath. 

5.5.3 Substrate Oxidation 

Based on VO2 and VCO2 measurements made by indirect calorimetry, in both the 

postabsorptive and postprandial phase, there were no differences in either the amounts of 

total lipid or carbohydrate oxidised between the groups. The amount of dietary lipid 

oxidised, assessed by the recovery of tracer on breath as ^^COz, in the postprandial period 

was lower in the HIV+ group. While the median value for the recovery of the label on 

breath in the HIV+ group was only approximately 5% lower than the HTV- group, this may 

indicate either a reduced or delayed absorption of label from the gut in the HIV+ group. 

This is a possibility as reduced gut function is associated with HIV infection, as discussed 
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in the literature review. However malabsorption is often associated with concurrent 

diarrhoea [Miller et al. 1988] and all patients were asked at the time of study if they were 

free of diarrhoea as part of the inclusion/exclusion criteria. Without measuring stool losses 

of the label, aspects of gut function such as digestion or absorption in these groups cannot 

be assessed. In addition, the degree to which the two groups were similar in terms of the 

size of their bicarbonate pool and the flux through this pool of CO2 from substrate 

oxidation is also unknown. Assuming that recovery of label on breath is indicative of the 

oxidation of dietary lipid within these groups, dietary lipid oxidation was lower in the 

HIV+ group. In the absence of differences in gut function between these two groups, the 

reduced dietary lipid oxidation may be indicative of altered requirements for lipid within 

the HIV infected group. 

5.5.4 Plasma triacylglycerol and non-esterified fatty acid concentration and 

enrichment 

While there appear to be no differences between the groups in plasma TAG 

concentration either in the postprandial or the postabsorptive period, some individuals 

appear to show a markedly elevated fasting plasma TAG concentration and postprandial 

lipaemic response. While this may have been the expected result for the HIV+ group, 

following the work of Hellerstein et al. (1993) who observed that 

hypertriacylglycerolaemia exists in asymptomatic HIV infection in comparison to healthy 

controls, the highest values were seen in two subjects from the HIV- group, suggesting that 

HIV infection is not the only factor contributing to hypertriglyceridaemia within this 

group. In neither group, does there appear to be a simple relationship between the fasting 

plasma TAG concentration and the magnitude of the increase in plasma TAG AUG 

(AUCi) following the meal (figure 5.9), suggesting that while the fasting plasma TAG 

concentration may influence the magnitude of the postprandial lipaemic response, it is not 

an independent factor and can not be used to predict the magnitude of this response. 

While the HIV- group show a typical pattern for plasma TAG in the postprandial 

period i.e. an initial increase, with a peak at around 2 hours, followed by a reduction to 

near baseline values by 7 hours, the HIV+ group appear to show a different pattern. In this 

group there is an initial reduction in TAG concentration, which may be explained by a 

reduction in VLDL synthesis or export by the liver, possibly due to insulin release 

stimulated by the meal. This response may be more obvious in this group due to higher 
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levels of VLDL in the fasting state or possibly an elevated insulin secretion or sensitivity 

within this group. A measure of insulin sensitivity within these groups taken in the 

immediate postprandial period would help to explain these results. 

The concentration of ['^C] palmitic acid within TAG was higher in the HIV+ group 

prior to the meal. This may reflect the degree of dietary manipulation prior to the study, as 

control subjects recruited at Southampton were requested to abstain from eating foods 

naturally enriched with such as sweetcom, maize and com products for 3 days prior to 

the study day. The HIV+ group recruited at the Chelsea and Westminster Hospital were not 

given this advice. During the postprandial period, the HIV+ group had a lower [̂ ^C] 

palmitic acid concentration within TAG than the HIV- group. The pattern shown by the 

HIV+ group suggests a reduction in the absorption of label from the gut, an increased 

clearance of label from plasma, or a combination of these events as the magnitude of this 

response, as indicated by the AUC for this measure is three-fold lower in the HIV+ group 

compared to the HIV- group. An alternative explanation for this reduced response could be 

that the lipid is being retained within the enterocyte until the next meal, as other studies 

have suggested [Fielding et al, 1996]. 

Both groups showed an initial reduction in plasma NEFA concentration probably 

due to the increase in insulin triggered by the meal. Insulin inhibits hormone sensitive 

lipase (HSL) within adipocytes, resulting in a reduction in the hydrolysis of stored TAG to 

NEFA for release into the circulation. While there were no differences in plasma NEFA 

concentration between the two groups, the [̂ ^C] palmitic acid concentration within NEFA 

was lower in the early postprandial period in the HIV+ group. This may be due to the 

lower concentration of ['^C]-TAG within this group as dietary fatty acids appearing in the 

circulation in the early postprandial period may originate from chylomicron TAG 

hydrolysis and subsequent fatty acid release. 

5.5.5 Plasma insulin and glucose concentration 

The data shown here suggests that plasma glucose and insulin are lower in the 

presence of HIV infection. This is in agreement with previously reported data showing that 

in HTV infection, subjects generally had lower or normal glucose without insulin resistance 

[Heijligenberg et al. 1993; Stein et al. 1990]. In addition, the higher levels observed in the 

control group may suggest that factors other than HIV are related to alterations in the 

control of plasma glucose levels and insulin sensitivity in this gender and age range. 
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5.5.6 Summary 

The aim of the study described in this chapter was to examine the differences in 

postprandial lipid metabolism, specifically the metabolic disposal of [1-^^C] palmitic acid 

between HIV positive patients and HIV negative, healthy controls. The results demonstrate 

that: 

1) The HIV-positive group have a higher resting energy expenditure per kilogram of 

fat-free mass and a lower BMT than the healthy controls, possibly related to the 

presence of chronic infection, although there appear to be no differences in the 

amount of lipid or carbohydrate oxidised to meet this elevated energy requirement. 

2) While not obviously hypertriglyceridaemic, the HIV-positive group have a higher 

percentage of subjects with a fasting plasma TAG concentration of 1 mmol/1 or 

above (HIV+ 80%; HIV- 38%). However, the highest plasma lipid concentrations 

in both the postabsorptive and postprandial periods where observed in two 

individuals from the HIV- group. This would suggest that while there may be 

widespread perturbation in lipid metabolism associated with HIV infection, this is 

not the only contributing factor to elevated lipid in the subjects studied. There was 

no relationship in the HIV+ group between fasting TAG concentration and either 

CD4 count or viral load as has been reported in other studies. 

3) The HIV+ group showed a lower concentration of [̂ ^C] palmitic acid in both 

plasma TAG and NEFA and a lower recovery of label on breath as 

suggesting either a reduced absorption of label from the gut or a faster clearance of 

label from the circulation, with lower proportional dietary fatty acid oxidation. 

4) The HIV+ group showed lower plasma concentrations of insulin and glucose in 

both the postabsorptive and postprandial period, suggesting that HIV infection 

might influence glucose metabolism, insulin secretion and/or clearance, and 

possibly insulin sensitivity. 
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Chapter 6.0 A trial comparing postprandial lipaemia in HIV positive patients prior 

to HAART therapy and at 1 month and 3 months following the 

initiation of HAART including a protease inhibitor 

6.1 Introduction 

Following the literature review and the results of chapters 4.0 and 5.0, it is apparent 

that while HIV infection may influence lipid metabolism, treatment with HAART can 

result in the dysregulation of this metabolic process in some patients, resulting in markedly 

elevated plasma lipid levels. While the audit data reported in chapter 4.0 would suggest 

that NRTI therapy alone is associated with an increased prevalence of 

hypertriglyceridaemia and hyperglycaemia, previous literature suggests that inclusion of 

the PI drug class in the HAART combination results in earlier and more exaggerated 

increases in plasma TAG [Silva et al, 1998; Carr et al, 1999]. In order to examine early 

changes in lipid metabolism that may occur with HAART initiation including a PI, 

postprandial lipaemia was investigated using stable isotope tracers in patients with no 

previous antiretroviral therapy and then at both one month and 3 months following the 

initiation of HAART including a PI. While the intention was to continue these studies at 6, 

12, 18 and 24 months, this was not practicable as by this time, patients had either altered 

their treatment regimen or did not want to volunteer for fiirther studies. Only two of the 

initial group of patients both qualified for and consented to do fiirther trials and it was felt 

that presenting data on two patients would not provide sufficient data on which to draw 

conclusions about the effects of longer term HAART use on postprandial lipid metabolism. 

6.2 Aims 

The aim of this intervention trial was to determine if, using fatty acid tracers, early 

changes that may occur in the handling of dietary fatty acids, could be measured between 

HIV-positive therapy naive males and the same patients following both one and three 

months of HAART including a PI to determine if altered handling of dietary lipid could 

contribute to elevated plasma TAG levels, as assessed in the absence of chronically 

elevated plasma TAG concentrations. 
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6.3 Methods 

6.3.1 Subjects 

The therapy naive group were male, HIV positive with no previous history of PI or 

any antiretroviral exposure and normotriglyceridaemic. Normal fasting plasma TAG was 

confirmed prior to the study by the Chemical Pathology Department of the respective 

hospitals. Seven males were recruited into the Pl-naive group (PINa-g), of which three 

were later removed. All remaining subjects were found, by examination, to be 

asymptomatic at the time of the trial. The criteria for the HIV-positive group were; male, 

HIV-positive with high viral load, asymptomatic with no presence of infection (other than 

HIV), therapy-naive and normotriglyceridaemic. Of this group, subject PINe was found to 

have a malignant tumour within his colon and was removed from the study. Another 

subject, PINc was found to be hypertriglyceridaemic (TAG >6.8 mmol/1) with a history of 

AZT use and was also removed from the study. One of the HIV-positive group was 

African and the remainder were caucasian. Of the five subjects remaining in this group, 

one subject (PINd) was non-compliant with the HAART regimen and was, therefore, 

removed from the data set leaving four subjects within the group. The study protocol and 

methods used have previously been described in the General Methods Chapter. The group 

consisted of smokers and non-smokers and smokers were asked to abstain from smoking 

for the duration of the trial. 

6.3.2 Statistical Analysis 

In this chapter, the Friedman test was used to assess significance between repeated 

measures over time within the group, as this test is the non-parametric equivalent of the 

parametric one factor repeated measures ANOVA (analysis of variance) but does not make 

the assumptions about the underlying distribution of the data. Significance was achieved at 

p<0.05 for a chi square table value of >6.5. 
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6.4 Results 

6.4.1 Subject Characteristics 

There was a significant reduction in viral load (OPIN 334156 copies/ml, 36783-

1987172; SPIN 26 copies/ml, <25-113; p<0.05) and increase in CD4 count (OPIN 60 x 10® 

cells/1, 0-145; SPIN 207 x 10® cells/1, 24-242; p<0.05) in the group during the three months 

HAART exposure (table 6.1). Subjects were placed on an appropriate HAART 

combination following discussion with their physician and the combinations used are 

shown in table 6.2, all of the combinations consisted of one or two Pi's plus two NRTI's. 

The median age of the group was 45 years (range 44-47). Three of the four subjects gained 

weight (median weight gain 5.4 kg) over the three month period, and subject PINa 

remained weight stable. 

6.4.2 Body Composition 

Using BIA (table 6.4), the group showed a significant gain in fat mass (median gain of 1.6 

kg) over the three month HAART period (p>0.05), although there was no significant 

change in the relative proportions of fat and fat-free mass. There were no significant 

changes in any of the other anthropometric indices used (table 6.5). Only the difference 

observed in triceps skinfold measurement over the 3-month period achieved a variability of 

greater than the 10% produced by a combination of operator error and within-individual 

variability. 

6.4.3 Energy expenditure 

Resting energy expenditure (REE) increased in three of the four subjects, although 

this was not significant as PINf showed a reduction in REE over the 3-month period (table 

6.6). When REE was expressed per kilogram of fat free mass (FFM), the same pattern was 

observed with an increase in 3 of the 4 subjects (figure 6.1). There was no change in the 

increase in energy expenditure over the 7-hour postprandial period (AUG,), following the 

three-month period of HAART. 
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6.4.4 Substrate Oxidation 

There was no change in respiratory exchange ratio (RER) or the postabsorptive 

lipid or carbohydrate oxidation over the three-month period (table 6.7). There was no 

difference in the postprandial oxidation of either lipid (figure 6.2) or carbohydrate when 

expressed as both grams per 7-hours (AUC) or the increase from baseline over the 7-hours 

(AUCi) following 3 months of HAART. However, the 1-hour measurement of postprandial 

carbohydrate oxidation (figure 6.3) increased significantly over this period (OPIN 8.39 g/h, 

3.12-11.26; IPIN 11.91 g/h, 8.62-15.95; 3PIN 13.93 g/h, 8.75-17.41; p<0.04). The 

recovery of label on breath did not alter significantly over the 3-month treatment period 

and therefore, neither endogenous or exogenous lipid oxidation expressed as AUC in both 

grams (table 6.9) and kilojoules (table 6.10) changed significantly during this time 

although, there appeared to be a shift towards a higher relative oxidation of carbohydrate 

for energy at both 1 and 3 months (figure 6.4). 

6.4.5 Plasma triacylglycerol concentration 

There was no change in fasting plasma TAG concentration over the three-month 

treatment period (table 6.11). The excursion in plasma TAG over the 7 hours following 

the meal (AUC) tended to increase after the treatment period, and this was shown by the 

significant effect of time on the plasma TAG excursion at 3 months (figure 6.5, p<0.05). 

There were no significant differences in the postprandial plasma TAG pattern over the 

three-month period. 

6.4.6 Plasma [^^C]-triacylglyceroI concentration 

Following three months of PI therapy, there was a trend towards a greater 

accumulation (AUCi) of [̂ ^C] palmitic acid within plasma TAG (table 6.13) over the 7 

hours following administration of the label (OPIN 32.71 ng/ml per 7h, 21.75-59.01; IPIN 

32.28 |ig/ml per 7h, 14.25-49.84; 3PIN 56.06 |ig/ml per 7h, 37.55-88.30; ns). At both 1 

and 3 months of therapy, there was a significant increase in plasma [̂ ^C]-TAG at 1.5 hours 

after the test meal and emulsion (figure 6.6) (OPIN 3.09 p.g/ml, 2.68-4.34; IPIN 9.88 

Hg/ml, 3.75-15.28; 3PIN9.18 ng/ml, 6.73-13.22; p<0.04). 
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6.4.7 Plasma non-esterified fatty acid concentration and [^^C]- non-esterifled fatty 

acid concentration 

Following both one and three months therapy, there was a trend towards lower 

fasting plasma NEFA concentration (table 6.12, figure 6.7), in comparison to the therapy 

naive values (OPIN 0.46 mmol/1, 0.39-0.51; IPIN 0.29 mmol/1, 0.22-0.50; 3PIN 0.28 

mmol/1, 0.20-0.62; ns). There was no change in plasma NEFA pattern over the 

postprandial period or the cumulative AUC or AUCi over the 3 months. There were no 

differences observed in [̂ ^C] palmitic acid concentration within NEFA over the treatment 

period (table 6.13, figure 6.8). 

6.4.8 Plasma insulin and glucose concentrations 

There were no significant changes in fasting glucose or insulin concentrations or 

postprandial AUC over the treatment period (table 6.14). When the patterns of postprandial 

plasma glucose and insulin were examined (figure 6.9), there was a significant increase in 

the 7h plasma insulin value (OPIN 12.48 mU/1, 4.84-17.94; IPIN 6.46 mU/1, 3.97-12.15; 

3PIN 15.77 mU/1, 6.28-35.12; p<0.05) and a significant fall in the 4h plasma glucose value 

(OPIN 4.6 mmol/1, 4.1-4.9; IPIN 5.0 mmol/1, 4.7-5.9; 3PIN 4.3 mmol/1, 3.1-4.6; p<0.05) 

following the 3 month treatment period. 
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Table 6.1 Viral load, CD4 and CDS counts of subjects in the HIV-positive group 

prior to therapy (OPIN), at one month (IPIN) and three months (SPIN) 

following HAART initiation. ^^Undetectable (U) indicates below the 

level of detection (<25 copies/ml) for the PCR assay used. * Significant 

change over time within the group using the Friedman test. 

SUBJECT Viral Load CD4 CDS 

CODE (copies/ml plasma) (X celk/L (X 10^ celk/L 

plasma) plasma) 

OPINa 1987172 0 96 

OPINb 168312 65 953 

OPINf 36783 145 1157 

OPINg 500000 55 877 

Median 334156 60 915 

(range) (36783-1987172) (0-145) (96-1157) 

IPINa u** 208 107 

IPINb 1556 225 2058 

IPINf 449 153 883 

IPINg 672 152 1089 

Median 561 181 986 

(range) (<25-1556) (152-225) (107-2058) 

3PINa 51 24 263 

3PINb 113 242 1455 

3PINf U** 220 1021 

3PINg U** 194 1020 

Median 26* 207* 1021 

(range) (<25-113) (24-242) (263-1455) 

* p < 0 . 0 5 
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Table 6.2 Therapy details of the HAART combination used in the previously 

therapy naive group during the three month study period. 

SUBJECT 

CODE 

Combination during the three 

month study period 

OPINa 
RTV SQV d4T 3TC 

OPINb d4T 3TC IND 

OPINf AZT 3TCIND 

OPINg RTV SQV AZT 3TC 

Abbreviations: d4T Stavudine (NRTI) 

SQV Saquinavir (PI) 

RTV Ritonavir (PI) 

3TC Lamivudine (NRTI) 

IND Indinavir (PI) 

AZT Zidovudine (NRTI) 
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Table 6.3 Characteristics of subjects in the therapy-naive (OPIN) group and at 

one month (IPIN) and three months (SPIN) following the initiation of 

HAART, including height, weight and body mass index (BMI). 

SUBJECT 

CODE 

HEIGHT 

(cm) 

WEIGHT 

(kg) 

BMI 

(kg/m^) 

THERAPY NAIVE GROUP 

OPINa 183 69 8 2&8 

OPINb 176 63 8 206 

OPINf 187 7&0 223 

OPINg 181 64.3 19 6 

Median 

(range) 

182 

(176-187) 

671 

(63.8-78.0) 

20 7 

(19.6-22.3) 

1 MONTH HAART 

IPINa 184 69 0 204 

IPINb 177 63 1 20 1 

IPINf 187 82 3 215 

IPINg 181 64.0 19 5 

Median 

(range) 

183 

(177-187) 

66 5 

(63.1-82.3) 

20 3 

(19.5-23.5) 

3 MON THSHAART 

3PINa 184 69J 20 6 

3PINb 178 692 218 

3PINf 188 84J 23 9 

3PINg 180 69 6 215 

Median 

(range) 

182 

(178-188) 

69 7 

(69.2-84.3) 

217 

(20.6-23.9) 
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Table 6.4 Results of the bioelectrical impedance analysis (BIA) for fat mass (kg) 

and fat free mass (FFM) (kg), and fat and fat free mass as a percentage 

of total body weight in the therapy naive (OPIN) group and following 1 

month (IPIN) and 3 months (SPIN) of HAART. * Significant change 

over time within the group using the Friedman test. 

SUBJECT 

CODE 

FAT (kg) FFM (kg) FAT (%) FFM(%) 

PR{yn&ASEINTCnHTC»tPNUn^C3M)nP 

OPENa 9.4 60 4 115 86 5 

OPINb 113 525 17.7 823 

OPINf 12.5 65 5 16 0 84 0 

OPINg 10.4 53.9 162 83 8 

Median 

(range) 

10.9 

(9.4-12.5) 

57.2 

(52.5-65.5) 

16 1 

(13.5-17.7) 

83 9 

(82.3-86.5) 

1 ]VK)NTni PI TTinCIl/lI'Tf 

IPINa 8.4 60.6 122 87 8 

IPINb 10 1 53.0 160 84.0 

IPINf 16 0 66 3 194 80 6 

IPINg 9.8 54.2 15 3 84 7 

Median (range) 9.6 

(8.4-16.0) 

574 

(53.0-66.3) 

15.7 

(12.2-19.4) 

84 4 

(80.6-87.8) 

3 MONTHS PI THERAPY 

3PINa 10 9 58 8 15.6 84 4 

3PINb 11.8 574 17.1 82 9 

3PINf 162 68 1 192 80 8 

SPINg 13.1 56 5 18 8 812 

Median (range) 12.5* 

(10.9-16.2) 

58 1 

(56.5-68.1) 

18 0 

(15 6^19:0 

82 1 

(80.8-84.4) 

''p<0.05 
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Table 6.5 Anthropometry measurements including waist and hip circumference, 

waist to hip ratio, triceps skinfold measured with Harpingdon callipers, 

mid upper arm circumference (MUAC) and the calculated mid upper 

arm muscle circumference (MUAMC) in the therapy naive (OPIN) 

group and following 1 month (IPM) and 3 months (SPIN) of HAART. 

SUBJECT WAIST HIP (mm) WAIST: TRICEP MUAC MUAMC (mm) 
CODE (mm) HIP 

RATIO 
SKIN 
FOLD 
(mm) 

(mm) 

OPINa 847 975 0 87 5.1 253 237 
OPINb 840 980 0 86 8.0 265 239 
OPINf 836 950 (188 11.4 320 284 
OPINg 798 948 0 84 8.0 270 244 

Median 838 963 (187 8.0 268 242 
(range) (798-847) (948-980) (0.84-0.88) (5.1-11.4) (253-320) (237-284) 

1 MONTH HAART 
IPINa 823 966 (X85 5.9 250 231 
IPINb 819 955 0.86 7.9 261 236 
IPINf 881 1045 0 84 10 5 310 277 
IPINg 820 907 (X90 11.1 262 227 

Median 822 961 0 86 9.2 262 234 
(range) (819-881) (907-1045) (0.84-0.90) (5.9-11.1) (250-310) (227-277) 

3PINa 843 982 0 86 4.8 244 228 
3PINb 869 966 0.90 9.3 282 252 
3PINf 900 1015 0 89 15.1 323 275 
3PINg 849 1012 0 84 13.0 290 249 

Median 859 997 0 88 11.2 286 251 
(range) (843-900) (966-1015) (0.84-0.90) (4.8-15.1) (244-323) (228-275) 
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Table 6.6 Resting energy expenditure (REE) measured by indirect calorimetry, 

expressed as kilojoules per day (kJ/d) and as kilojoules per kilogram of 

fat free mass as measured by bioelectrical impedance (kJ/kg FFM/d), 

and the increase in energy expenditure following the test meal 

expressed as kilojoules per 7 hours (kJ/7h) measured as the incremental 

area under the curve (AUQ) in the therapy n a i v e (OPIN) group and 

following 1 month (IPIN) and 3 months (SPIN) of HAART. 

SUBJECT 

CODE 

REE 

(kJ/d) 

REE 

(kJ/kg FFM/d) 

EE (kJ/7h) 

AUC, 

THEf lAPY NAIVE 

OPINa 7190 119 466 

OPINb 6312 120 343 

OPINf 8485 130 264 

OPINg 7524 140 225 

Median 
(range) 

7357 

(6312-8485) 

125 

(119-140) 

304 

(225-466) 

1 MO] VmHAART 

IPINa 7775 128 324 

IPINb 6646 125 285 

IPINf 7817 118 397 

IPINg 7984 147 301 

Median 
(range) 

7796 

(6646-7984) 

127 

(118-147) 

313 

(285-397) 
3MO]\ r m s HAART 

3PINa 8235 140 241 

SPINb 7900 138 93 

3PINf 7691 113 520 

3PINg 8527 151 167 

Median 
(range) 

8068 

(7691-8527) 

139 

(113-151) 

204 

(93-520) 
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Table 6.7 Respiratory exchange ratio (RER) and lipid and carbohydrate (CHO) 

oxidation, expressed as grams per hour, prior to the administration of 

the test meal in the therapy naive (OPIN) group and following 1 month 

(IPIN) and 3 months (3PIN) of HAART. 

SUBJECT RER LIPID CHO 

CODE Oh OXIDATION OXIDATION 

(g/h)Oh (g/h)Oh 

THERAPY NAIVE 

OPINa 0 80 3.94 5 08 

OPINb 0 81 3.23 4 50 

OPINf &79 5.14 5^3 

OPINg 0 92 1.13 14 10 

Median 0 81 3 59 5 26 
(range) (0.79-0.92) (1.13-5.14) (4.50-14.10) 

1 IVK)ISrn8[ laLAuALRTT 

IPINa 0 84 1.53 7 62 

IPINb 0 86 2 13 8 15 

IPINf 0 90 153 12 84 

IPINg 0 85 3.23 8 93 

Median 0 86 2.68 8 54 
(range) (0.84-0.90) (1.53-3.53) (7.62-12.84) 

-;]V[()iSTriiS]3vtjiRTr 

3PCNa 0 80 4 74 5 79 

3PINb 0 90 133 1138 

3PINf 0 91 L43 12.71 

3PINg 0 90 183 13.87 

Median 0 90 163 12.05 
(raiyge) (0.80-0.91) (1.33-4.74) (5.79-13.87) 
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Table 6.8 Lipid and carbohydrate (CHO) oxidation, expressed as grams per 7 

hours, following the administration of the test meal, calculated as the 

area under the curve (AUCo) and the incremental area under the curve 

(AUCi), in the therapy naive (OPIN) group and following 1 month 

(IPIN) and 3 months (SPIN) of HAART. 

SUBJECT 

CODE 

LIPH) 

OXmATION 

(g/7h)AUCo 

CHO 

OXmATION 

(g/7h)AUCo 

LIPH) 

OXmATION 

(gf7h)AUCi 

CHO 

OXmATION 

(g/7h)AUC, 

THERAPY NAIVE 

OPINa 38 3 39 3 104 4.6 

OPINb 25^ 42 6 3.3 13 9 

OPINf 377 48 6 2.5 1L5 

OPINg 12 8 93 8 5.2 -3 5 

Median 

(range) 

316 

(12.8-38.3) 

45 6 

(39.3-93.8) 

4.3 

(2.5-10.4) 

8.1 

(-3.5-13.9) 

1 MONTH HAA RT 

IPINa 26 9 66 1 2.8 13 8 

IPINb 18 1 66 0 3.8 102 

IPINf 17J 98 6 6.6 9.8 

IPINg 20 2 84.0 -1.5 224 

Median 

(range) 

192 

(17.3-26.9) 

75.1 

(66.0-98.6) 

3.3 

(-1.5-6.6) 

12 0 

(9.8-22.4) 

3 MONTHS HAART 

3PINa 26 7 70 0 -5 6 30 2 

3PINb 14 5 89 1 5.8 104 

3PINf 202 93 6 110 5.7 

3PINg 217 54 9 20.6 -41.0 

Median 

(range) 

22.0 

(14.5-26.7) 

79 6 

(54.9-93.6) 

8.4 

(-5.6-20.6) 

8.1 

(-41.0-30.2) 
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Table 6.9 The calculation of the endogenous and exogenous sources of lipid 

oxidised over the 7 hour period (g/7h) using the percentage of " C label 

recovered on breath over 7 hours, together with the amount of lipid in 

the test meal and the total lipid oxidised over the 7 hour period, 

calculated from the area under the curve (AUC), in the therapy naive 

(OPIN) group and following 1 month (IPIN) and 3 months (SPIN) of 

HAART. 

SUBJECT 
CODE 

% Administered 
^̂ C Dose 

Excreted on 
Breath over 7 h 

Fat (g) 
in Test 
meal 

TOTAL 
LIPID OX. 

(g/7h) 
AUCo 

EXOGENOUS 
ILilHI) ()X. 

(g/7h) 

ENDOGENOUS 
]LJ]PII) ()][. 

(g/7h) 

THERAPY NAIVE 

OPINa 15 16 45^5 37.25 6 86 30 39 

OPINb 4.83 45^5 2535 2 19 23 16 

OPINf 10.68 45^5 37.67 4 83 32 84 

OPINg 6 65 45 25 12.77 3 01 9 76 

Median 
(range) 

8 67 
(4.83-15.16) 

45^5 3130 
(12.77-37.67) 

3.92 
(2.19-6.86) 

26 78 
(9.76-32.84) 

IMC INTHHAART 

IPINa 9.23 45^5 26.90 4 18 22.72 

IPINb 4.92 45 25 18 07 2 23 15 84 

IPINf 6 66 4125 1726 3.01 14.25 

IPINg 5^3 45^5 20.24 2 50 17.74 

Median 
(raryge) 

6 10 
(4.92-9.23) 

45 25 19 16 
(17.26-26.90) 

2.76 
(2.23-4.18) 

16.79 
(14.25-22.72) 

3 MO NTHSHAART 

3PINa 13 35 45^5 26 68 6.04 20 64 

3PINb 8 03 45^5 14.54 3 63 10.91 

3PINf 5^7 45^5 20.24 2 48 17.76 

3PINg 6 25 45^5 23.73 2 83 2&90 

Median 
(range) 

7 14 
(5.47-13.35) 

45 25 2199 
(14.54-26.68) 

3 23 
(2.48-6.04) 

19 20 
(10.91-20.90) 
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Table 6.10 Calculation of the proportion of energy expended over the 7-hour 

period derived from carbohydrate (CHO), endogenous lipid and 

exogenous lipid, in the therapy naive (OPIN) group and following 1 

month (IPIN) and 3 months (SPIN) of HAART. 

SUBJECT 

CODE 

EXOG. 
LIPID 
(kJ/7h) 

ENDOG 
LIPID 
(kJ/7h) 

CHO 
(kJ/7h) 

ENERGY 
EXPENDED 

(kJ/7h) 
(AUCo) 

EXOG 
LIPID 

(% 

EE) 

ENDOG 
LIPID 
(141EIC) 

CHO 
(% 
EE) 

THERAPY NAIVE 

OPINa 261 1155 629 2540 10 45 25 

OPINb 83 880 681 2148 4 41 32 

OPINf 184 1248 778 2707 7 46 29 

OPINg 114 371 1501 2389 5 16 63 

Median 
(range) 

149 
(83-261) 

1017 
(371-1248) 

730 
(629-1501) 

2465 
(2148-2707) 

6 
(4-10) 

43 
(16-46) 

30 
(25-63) 

1 ]M()NTrH iijiyiRTr 

IPINa 159 863 1057 2548 6 34 41 

IPINb 85 602 1057 2190 4 27 48 

IPINf 114 542 1577 2651 4 20 60 

IPINg 95 674 1344 2594 4 26 52 

Median 
(range) 

105 
(85-159) 

638 
(542-863) 

1200 
(1057-
1 

2571 
(2190-2651) 

4 
^L6) 

27 
(20-34) 

50 
(41-60) 

-;]M()NTrHS]aL4jUHr 

3PINa 230 784 1119 2605 9 30 43 

3PINb 138 415 1426 2367 6 18 60 

3PINf 94 675 1498 2724 3 25 55 

3PINg 108 794 878 2610 4 30 34 

Median 
(range) 

123 
(94-230) 

730 
(415-794) 

1273 
(878-1498) 

2608 
(2367-2724) 

5 
(3-9) 

27 
(18-30) 

49 
(34-60) 
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Table 6,11 Fasting plasma triacylglycerol (TAG) expressed as mmol/litre and the 

magnitude of the postprandial lipaemic response following 

administration of the test meal and emulsion, calculated as both the 

area under the curve (AUC) and the incremental area under the curve 

(AUCi) in the therapy naive (OPIN) group and following 1 month 

(IPIN) and 3 months (SPIN) of HAART. 

SUBJECT 
CODE 

FASTING 
TAG 

(mmol/l) 

POSTPRANDIAL 
TAG AUC 
(mmoM/7h) 

POSTPRANDIAL 
TAG RESPONSE 

AUCi 
(mmol/l per 7h) 

r]a]ER/LErY ISVUlflG 

OPINa 1.6 11.7 1.0 

OPINb 1.0 9.7 2.9 

OPINf 1.2 9.4 1.2 

OPINg 0.9 8.2 2.2 

Median 
(raiyge) 

1.1 
(0.9-1.6) 

9.6 
(8.2-11.7) 

1.7 
(1.0-2.9) 

1 ]M()ISTrH H/LdLltTT 

IPINa 1.4 8.5 0.1 

IPCSfb 1.2 12.1 3.8 

IPINf 1.0 8.7 2.0 

IPESfg 0.9 6.7 0.7 

Median 
(range) 

1.1 
(0.9-1.4) 

8.6 
(6.7-12.1) 

1.3 
(0.1-3.8) 

3 Ml DNTHS HAART 

3PINa 1.1 8.9 1.0 

3PINb 1.2 118 3.6 

3PINf 1.0 9.8 3.1 

3PINg 1.5 11.8 1.5 

Median 
(range) 

1.2 
(1.0-1.5) 

10.8 
(8.9-11.8) 

2.3 
(1.0-3.6) 
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Table 6.12 Plasma non-esterified fatty acid (NEFA) concentration expressed as 

mmol/litre before the meal (fasting), in the 7 hours following the meal 

(AUC) and the change in plasma NEFA from fasting following 

administration of the test meal and emulsion, calculated as the 

incremental area under the curve (AUQ) in the therapy naive (OPIN) 

group and following 1 month (IPIN) and 3 months (SPIN) of HAART. 

SUBJECT 
CODE 

FASTING 
NEFA 

(mmol/1) 

POSTPRANDIAL 
PLASMA NEFA 
AUC (mmol/l/7h) 

RESPONSE AUCi 
(mmol/1 over 7h) 

GROUI" 

OPINa 045 2.92 0 57 

OPINb 0 39 (X71 000 

OPINf 0 51 1.66 0.00 

OPINg 047 1.15 0.00 

Median 
(raiyge) 

0.46 
(0.39-0.51) 

1.41 
(0.71-2.92) 

000 
(0.00-0.57) 

1 IWl()NTrH BLAudLRT 

IPINa 0 50 119 000 

IPINb 0 27 150 Oi l 

IPINf OJl 151 001 

IPINg 0 22 (191 000 

Median 
(range) 

029 
(0.22-0.50) 

135 
(0.91-1.51) 

001 
(0.00-0.11) 

3 ]V[()NTrBSBv\j4JHr 

3PINa 062 1.60 000 

3PINb 020 2.23 123 

3PINf 0 34 1.71 0 17 

3PINg 0.22 124 0 18 

Median 
(range) 

a22 
(0.20-0.62) 

166 
(1.24-2.23) 

0 17 
(0.00-1.23) 1 
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Table 6.13 Plasma [^^C] palmitic acid within triacylglycerol (^^C-TAG) and within 

non-esterified fatty acid (^C-NEFA) expressed as p.g/ml following 

administration of the emulsion containing 700 mg [1-"C] palmitic acid 

and test meal, calculated as the incremental area under the curve 

(AUCi) in the therapy naive (OPIN) group and following 1 month 

(IPIN) and 3 months (3PIN) of HAART. 

SUBJECT 
CODE 

["C]-TAG 
(fj.g/ml/7h) 

["C]-NEFA 
(Hg/ml/7h) 

THERAPY NAIVE GROUP 

OPINa 59 01 5.18 
OPINb 2L75 0 30 
OPINf 38 25 214 
OPINg 27 17 (X50 
Median 
(range) 

32 71 
(21.75-59.01) 

1.3:! 
(0.30-5.18) 

1 IWBCMSriTa BUUIRTT 

IPESfa 28 15 128 

IPINb 3641 133 

IPINf 49 84 3.08 

IPINg 14.25 (161 

Median 
(range) 

3228 
(14.25-49.84) 

131 
(0.61-3.08) 

:;]M()NTniS BUUIRTT 

SPESfa 37 66 1.76 

3PIM> 88 30 3.03 

3PINf 51.39 2.68 

3PINg 60.73 1.54 

Median 
(range) 

56 06 
(37.66-88.30) 

2.22 
(1.54-3.03) 
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Table 6.14 Plasma insulin and glucose concentration expressed as mU/1 and 

mmol/l respectively prior to the meal and following administration of 

the emulsion and test meal, calculated as both area under the curve 

(AUC) and incremental area under the curve (AUQ) over 7 hours in 

the therapy naive (OPIN) group and following 1 month (IPIN) and 3 

months (SPIN) of HAART. 

SUBJECT 

CODE 

FASTING 

PLASMA 

INSULIN 

(mU/1) 

PLASMA 

INSULIN 

AUC 

(mU/l/7h) 

PLASMA 

INSULIN 

AUC, 

(mU/l/7h) 

FASTING 

PLASMA 

GLUCOSE 

(mmol/l) 

PLASMA 

GLUCOSE 

AUC 

(mmol/l/7h) 

PLASMA 

GLUCOSE 

AUC, 

(mmol/l/7h) 

PROTEASE INHIBITOR VAIVE GROUP 

OPINa 4.3 863 56 1 4.4 320 1.7 
OPINb 7.7 133.6 79 6 4.8 38 8 5.2 
OPINf 123 266 2 180 3 5.0 37^ 4.7 
OPINg 10.4 106 6 3%4 5.0 35 9 1.3 

Median 
(range) 

9.0 
(4.3-12.3) 

120.1 
(86.3-266.2) 

67 9 
(37.4-180.3) 

4.9 
(4.4-5.0) 

36 7 
(32.0-38.8) 

3.2 
(1.3-5.2) 

1 MONTH HAART 

IPINa 7.2 95 2 477 4.8 35 8 2.5 
IPINb 4.8 149 6 116 2 5.6 38 3 1.2 
IPINf 11.0 264 5 190 5 4.8 34 8 2.8 
IPINg 7.6 112.1 594 4.8 38 1 4.5 

Median 
(range) 

7.4 
(4.8-11.0) 

130 9 
(95.2-264.5) 

87 8 
(47.7-190.5) 

4.8 
(4.8-5.6) 

36 9 
(34.8-38.3) 

2.6 
(1.2-4.5) 

31 VIONTHS HAART 

3PINa 24 0 111.1 1.6 5.0 34.7 1.4 
SPCSIb 11.8 123 0 50 1 5.2 34.9 0.7 
3PINf 8.5 407 9 348 4 5.0 30 1 4.1 
3PINg 8.5 1418 82 3 5.1 35 4 1.1 

Median 

(range) 
10.1 

(8.5-24.0) 

132 4 
(111.1-
407.9) 

66 2 
(1.6-348.4) 

5.1 
(5.0-5.2) 

34 8 
(30.1-35.4) 

1.2 
(0.7-4.1) 
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Figure 6.1 Resting energy expenditure (REE), as measured by indirect 

calorimetry, expressed as kilojoules per kilogram of fat free mass 

(FFM, measured by bioelectrical impedance) in the therapy naive 

group and following 1 month and 3 months of HAART. 
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Figure 6.2 The pattern of lipid oxidation over the 7-hour period following the 

administration of the test meal, expressed as grams per hour (g/h), in 

the therapy naive group (q ) and following 1 month ( ^ ) and 3 months 

(Q) of HAART. Data is presented as medians and the error bars 

represent the range (minimum and maximum values). 
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F i g u r e 6 . 3 T h e p a t t e r n o f c a r b o h y d r a t e o x i d a t i o n o v e r t h e 7 h o u r p e r i o d f b U o w i n g 

t h e a d m i n i s t r a t i o n o f t h e t e s t m e a l , e x p r e s s e d a s g r a m s p e r h o u r ( g / h ) , 

in the t h e r a p y naive group (Q) and following 1 month ( ^ ) and 3 

months (Q) of H A A R T . * Significant change over the 3 month period 

within the group using the Friedman test. 
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Figure 6.4 The percentage of energy derived from carbohydrate (CHO), 

endogenous and exogenous lipid oxidation of the 7 hour period 

following the administration of the test meal in the therapy naive group 

([•-••I) and following 1 month (EEE! ) and 3 months ( S H ) of 

HAART. 
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Figure 6.5 The pattern of change in plasma triacylglyceroi (TAG) following 

administration of the test meal and emulsion expressed as mmol/1 in the 

therapy naive group ( P ) and following 1 month (Y) and 3 months (Q) 

of HAART. There is a significant e f f e c t of time on the plasma TAG 

excursion at 3 month using the Friedman test (p<0.05). 
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Figure 6.6 The pattern of change in plasma ["C]-triacylgIycerol (TAG) following 

administration of the test meal and emulsion expressed as |i.g/ml in the 

therapy naive group (Q) and following 1 month ( ^ ) and 3 months (Q) 

of HAART. There is a significant effect of time on the plasma 

TAG excursion at baseline and at 1 and 3 months using the Friedman 

test (p<0.05). ^Significant change over the 3 months within the group 

using the Friedman test. 
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Figure 6.7 The pattern of change in plasma non-esterified fatty acid (NEFA) 

concentration following administration of the test meal and emulsion 

expressed as mmol/l in the therapy naive group (p ) and following 1 

month ( ^ ) and 3 months (Q ) of HAART. There is a significant effect 

of time on the plasma NEFA excursion at 3 months only using the 

Friedman test (p<0.05). 
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Figure 6.8 The pattern of change in plasma [^^C]-non-esterified fatty acid (NEFA) 

concentration following administration of the test meal and emulsion 

expressed as [xg/ml in the therapy naive group ( p ) and following 1 

month ( ^ ) and 3 months (Q ) of HAART. There is a significant effect 

of time on the plasma [^^C]-NEFA excursion at both 1 and 3 months 

using the Friedman test (p<0.05). 
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Figure 6.9 The change in plasma insulin ( q ) and glucose ( ^ ) concentrations 

following administration of the test meal and emulsion in the therapy 

naive group and following 1 month and 3 months of HAART. * There is 

a significant change over 3 months in 7h insulin and 4h glucose values 

within the group using the Friedman test (p<0.05). 
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6.5 Discussion 

This study was undertaken to examine the influence of HAART containing a PI on 

postprandial lipid metabolism in a group of patients with high viral load, but without 

elevated background plasma TAG concentrations. As discussed in the introduction, the 

study was originally planned as a longer term study but factors outside of our control 

resulted in this study being shortened to a 3 month period. Within this 3 month period, all 

subjects in the group had a good virological response to the therapy and showed a 

significant reduction in viral load with an increased CD4 count. With the exception of one 

subject (PINa), the group gained weight during the treatment period, which according to 

the results of BIA was predominantly body fat. An increased body fat mass could have 

been a result of either; a) an effect of HAART on the adipose compartment, or b) the 

reduction in viral burden allowing the patient to feel better and possibly eat more. From the 

anthropometry used, there was not any evidence of abnormal fat distribution within the 

group. Another explanation for the weight gain could be a reduction in energy expenditure 

associated with the reduced viral burden as a result of HAART. However, during the 

treatment period, 3 of the 4 subjects in the group show an increased REE, possibly due to 

changes in FFM. 

There appeared to be an increase in carbohydrate oxidation, especially in the early 

postprandial period following HAART. However, without information on the diet 

preceding the study day, it is difficult to determine if this is a result of underlying 

metabolic alterations or a change in the macronutrient content of the meals eaten prior to 

the study day. During the treatment period, there was no change in the amount of label 

recovered on breath up to 7 hours after label administration. Recovery of label, as 

previously discussed, is a function of; digestion of the emulsion, absorption of the tracer, 

oxidation of the fatty acid, production of ^^C02, mixing of the ^^C02 with the body's 

bicarbonate pool and finally, release of ^^C02 as breath carbon dioxide excretion. The 

recovery of ^^C02 from breath cannot measure what is happening at each stage of this 

process, only that the process is taking place. Recovery of label on breath cannot be used 

as a direct measure of absorption of the fatty acid from the gut. Previous data, obtained 

from healthy 20 to 30 year old males showed the excretion o f l a b e l in stool following 

the administration of [1- palmitic acid in emulsion was 36.4 - 9.9% of the 

administered dose [Jones et al, 1998]. However, it is questionable whether this 

measurement can be translated to the HIV+ subject group, particularly when the literature 
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reports reduced gut function and absorption in HIV infection [Sharpstone et al. 1999]. In 

order to accurately assess the absorption of the label from the gut, stool losses should be 

measured by isolating lipid from the stool and measuring the enrichment within this lipid. 

This was not undertaken during this trial, due to the lack of facilities to collect and process 

stool from HIV infected individuals. 

While fasting plasma TAG concentration did not change, there was a trend towards 

an increased magnitude of TAG excursion in the postprandial period. In addition, there 

was a significant increase in enrichment within the TAG fraction in the early postprandial 

period, suggesting a delay in the clearance of dietary lipid from the circulation in the first 

few hours after the meal. There were no significant differences in plasma NEFA 

concentration or the enrichment within this fraction following HAART. 

Following three months of HAART, there was an increase in plasma insulin 

concentration in the late postprandial period, and a reduction in glucose concentration at 4 

hours after the meal. While this may indicate alterations in insulin sensitivity, this 

conclusion cannot be reached without measuring sensitivity using methods such as the 

hyperinsulinaemic, euglycaemic clamp or the oral glucose tolerance test. 

6.6 Summary 

The aim of this intervention trial was to determine if, using fatty acid tracers, 

changes in the handling of dietary fatty acids were observed in HIV+ therapy naive males 

following 3 months of HAART including a PI, in order to determine if a reduced clearance 

of dietary lipid occurs with short-term HAART use. The results demonstrate that: 

1) Rapid reductions in viral load and increases in CD4 count are observed with three 

months HAART use including at least one PI and patients gain fat mass during this 

period, although the reason for this is unclear. 

2) There is an increase in postprandial carbohydrate oxidation, although this may be 

due to changes in diet preceding the study day. 

3) While there are no changes in fasting plasma TAG or NEFA concentrations, 

enrichment within the TAG fraction suggests there is a delayed clearance of dietary 

lipid from the circulation in the early postprandial period following HAART use. 
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4) There are subtle changes in postprandial plasma glucose and insulin concentrations 

although it is unclear whether these represent changes in insulin sensitivity 

following HAART use. 
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Chapter 7.0 A study to investigate the influence of combination therapy including a 

protease inhibitor compared with an antiretroviral drug regimen 

excluding protease inhibitors on postprandial lipid metabolism in 

lipodystrophic HIV males. 

7.1 Introduction 

The study presented in chapter 6.0 was designed to investigate the influence of 

HAART including a PI on postprandial lipid metabolism and to examine the alterations in 

lipid metabolism that occur during exposure to HAART that may contribute to the 

development of lipodystrophy. As discussed in that chapter, the study could not be 

continued past the three month stage due to reasons beyond the investigators control. 

Therefore, this study was undertaken to examine the influence of longer term HAART use 

on postprandial lipid metabolism in patients already having developed lipodystrophy. 

While the literature reports a stronger association between the development of lipid 

abnormalities and protease inhibitors (PI) containing HAART than drug regimens that do 

not include this drug class, the audit data presented in Chapter 4.0 would suggest that 

exclusive NRTI use results in a higher prevalence of both hypertriglyceridaemia and 

hyperglycaemia. While there may be confusion over which drug classes or combinations 

are associated with higher rates of metabolic abnormalities, it does appear that the 

metabolic response to HAART may vary with the drug class or classes used. It is unclear 

whether reported differences between these drug classes are the result of a direct 

independent effect of either drug class or due to the virological response or host immune 

reconstitution that occurs in response to these drugs and possibly differences in their 

efficacy. Indeed, the association between hypertriglyceridaemia, lipodystrophy and PI 

drugs may be temporal, as the discovery of lipodystrophy and the use of PI drugs have 

both occurred within the last few years. An independent effect of the PI Indinavir has been 

reported on insulin resistance in healthy, HIV-negative men [Noor et al, 2001]. However, 

studies of this nature are rare due to the ethical considerations of administering potentially 

toxic drugs to non-HIV infected subjects. The presence of lipid abnormalities with the 

exclusive use of NRTI drugs has been reported elsewhere [Saint-Marc et al. 1999], but the 

extent to which the severity of these lipid abnormalities is related to the presence of a PI or 

the exclusive use of NRTI therapy within the population studied was unknown. 
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In this study postprandial lipid metabolism was investigated again using stable 

isotope labelled fatty acids in two groups of HIV-positive males with lipodystrophy, 

classified by self-reported changes in body fat distribution. While one group (PI-

lipodystrophy group, PIL n=6) had been treated with a regimen including typically two 

NRTI drugs plus a PI, the other group had never been exposed to any PI drug and had been 

treated with NRTI drugs only (dual nucleoside lipodystrophy group, DNL n=7). 

7.2 Aims 

The aim of this study was to examine the influence of NRTI-associated 

lipodystrophy on the metabolic fate of dietary lipid compared to the Pl-lipodystrophy 

group where lipodystrophy development is reported to be both more prevalent and severe. 

7.3 Methods 

7.3.1 Subjects 

All subjects were recruited at the Chelsea and Westminster Hospital. Both 

lipodystrophy groups were initially identified by self-reported changes in body shape and 

elevated fasting plasma TAG was confirmed by the Chemical Pathology Department of the 

Chelsea and Westminster Hospital from a blood sample taken during the patient's routine 

examination. Six males met the criteria for the Pl-lipodystrophy group (PILa-f). All were 

Caucasian and had been exposed to PI therapy for approximately 12 months (see tables 7.1 

and 7.2 for viral loads, CD4, CDS counts and therapy details and duration for both groups). 

Seven males met the criteria for the dual NRTI-lipodystrophy group (DNLa-g). All were 

Caucasian and had been exposed to NRTI drug therapy for a median 39 months. All 

subjects were found, by examination, to be asymptomatic at the time of the trial. 

7.4 Results 

7.4.1 Subject characteristics 

The dual nucleoside lipodystrophy patients tended to have a lower viral load (DNL 

<25 copies/ml, <25-20763; PIL 421 copies/ml, <25-138514;ns) and a higher CD4 count 

(DNL 441 xlO^ cells/1, 256-939; PIL 243 xlO* cells/1; ns) compared to the PI-
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lipodystrophy group (table 7.1). Table 7.2 shows the therapy at the time of study and 

previous therapy exposure of both groups with the duration of each combination taken. In 

the DNL group, the median duration of NRTI use was 39 months (range 24-128 months). 

In the PIL group, the median duration of PI use was 18.5 months (range 4-27 months) 

while the median duration of NRTI use in this group was 43 months (range 26-117 

months). Only PILe had been exposed to an NNRTI drug and this was for 4 months prior 

to the study date. With the exception ofDNLb, all subjects were of a similar age (31-54 

years old, table 7.3). The DN-lipodystrophy group tended to weigh less than the PI-

lipodystrophy group (DNL 66 kg, 62.7-73.9; PIL 71.1 kg, 66.3-78.1; ns) and therefore, 

have a lower body mass index (BMI) (DNL 22.7 kg/m^, 21.2-23.1; PIL 23.8 kg/m^, 22.4-

25.3; ns). There were three smokers in either group. 

7.4.2 Body composition 

From BIA (table 7.4), there were no differences between the groups in the absolute 

or relative amounts of fat and fat-free mass when measured with this technique. There 

were no significant differences observed in any of the other anthropometric measurements 

made (table 7.5). 

7.4.3 Energy expenditure 

Table 7.6 shows the resting energy expenditure (REE) calculated from indirect 

calorimetry measures of VO2 and VCO2 expressed as kJ/day, kJ/kg fat free mass (FFM) 

and as the increase in energy expenditure over the 7 hour period following the meal, 

calculated as incremental area under the curve (AUG,). REE (kJ/d) tended to be lower in 

the DN-lipodystrophy group than in the Pl-lipodystrophy group (DNL 7984 kJ/ d, 7106-

8694; PIL 8694 kJ/ d, 7817-8987; ns). However, when the REE was expressed per 

kilogram of FFM, as measured by BIA to compensate for differences in size, the groups 

were not different. There was no difference between the groups in the increase in energy 

expenditure, often referred to as diet-induced thermogenesis, over the 7-hour postprandial 

period. 
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7.4.4 Substrate oxidation 

There were no differences between the groups in RER or the amount of either lipid 

or carbohydrate oxidised, expressed as grams/hour, in the postabsorptive phase (table 7.7) 

prior to the test meal. During the postprandial period, there were no differences in total 

lipid or carbohydrate oxidation expressed as AUC, AUCi (table 7.8) or grams per hour 

(figures 7.1 and 7.2) between the groups. However, the recovery of the label on breath 

(figure 7.3) tended to be higher in the DN-lipodystrophy group (DNL 11.7%, 10.2-19.9; 

PIL 8.3 %, 2.5-14.9; ns) indicating that the DN-lipodystrophy group tended to oxidise 

more exogenous lipid (table 7.9, figure 7.5) (DNL 5.29 g/7h, 4.2-9.00; PEL 3.75 g/7h, 1.13-

6.73; ns) and less endogenous lipid (DNL 27.25 g/7h, 13.80-34.46; PIL 31.22 g/7h, 24.34-

33.77; ns) than the Pl-lipodystrophy group over the 7-hour period. Endogenous lipid 

oxidation (g/h, figure 7.4) was significantly less in the DN-lipodystrophy group at 2 hours 

after the meal (DNL 3.41 g/h, 2.14-5.11; PIL 4.97 g.h, 3.67-5.60; p<0.04). 

7.4.5 Plasma triacylglycerol concentration 

The DN-lipodystrophy group had a lower fasting plasma triacylglycerol (TAG) 

than the Pl-lipodystrophy group (DNL 1.8 mmol/1, 0.9-2.9; PIL 8.5 mmol/1, 4.5-38.5; 

p=0.001). The AUC for plasma TAG following the meal (table 7.10) indicates the 

magnitude of the postprandial TAG response, which was significantly lower in the DN-

lipodystrophy group (DNL 20.5 mmol/1 per 7h, 6.5-26.5; PIL 12.1 mmol/1 per 7h, 2.9-

128.1; p=0.001). Plasma TAG was approximately four times lower in the DN-

lipodystrophy group compared to the Pl-lipodystrophy group at all time points measured 

after the meal (p<0.01; figure 7.6). 

7.4.6 Plasma [^^C] triacylglycerol concentration 

The Pl-lipodystrophy group showed approximately four times more enrichment in 

[̂ ^C] palmitic acid within the plasma TAG fraction than the DN-lipodystrophy group 

(p<0.02) at all time points measured after 2.5 hours (figure 7.7). The AUCi for plasma 

[^^C]-TAG over the 7-hour period was approximately 3 fold higher (table 7.12) in the PI-
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lipodystrophy group than in the DN-lipodystrophy group (DNL 84.2 |J.g/ml per 7h, 33.6-

165.3; PIL 281.5 îg/ml per 7h, 143.1-462.3; p=0.002). 

7.4.7 Plasma non-esterified fatty acid concentration 

The DN-lipodystrophy group had a significantly lower fasting plasma NEFA 

concentration (DNL 0.35 mmol/1, 0.15-0.48; PIL 0.67 mmol/1, 0.43-1.02; p<0.01; table 

7.11) and a significantly lower plasma NEFA concentration was maintained in this group 

until 2.5 hours after the meal, then dropped again at 6 hours after the meal (figure 7.8). The 

AUC was also significantly lower in the DN-lipodystrophy group compared to the PI-

lipodystrophy group (DNL 0.36 mmol/1 per 7h, 0.00-0.96; PIL 2.90 mmol/1 per 7h, 2.25-

5.13; p<0.04). Both groups showed similar postprandial plasma NEFA pattern with an 

initial approximate 50% decrease in concentration, however this appealed to take longer to 

achieve in the Pl-lipodystrophy group (4 hours to nadir compared to 1 hour in the DN-

lipodystrophy group). 

7.4.8 Plasma [^^C]-non-esterified fatty acid concentration 

The DN-lipodystrophy group had twice as much enrichment in the plasma non-

esterified fatty acid (NEFA) faction following the administration of [1-^^C] palmitic acid 

(figure 7.9) in the early postprandial period (1-2 hours after the meal, p<0.04) compared to 

the Pl-lipodystrophy group. The AUCi for plasma [^^C]-NEFA was also higher in the DN-

lipodystrophy group (DNL 4.5 jig/ml per 7h, 3.0-5.2; PIL 2.8 |ig/ml per 7h, 1.6-4.7; 

p<0.04). 

7.4.9 Plasma insulin and glucose concentrations 

While both fasting insulin and glucose and the magnitude of insulin and glucose 

response where not different between the two groups (table 7.13), the increase in plasma 

insulin concentration in response to the meal appeared delayed in the DN-lipodystrophy 

group (figure 7.10). In addition, there was a non-significant trend towards an increased 

plasma glucose concentration between 1 and 5 hours after the meal in the DN-

lipodystrophy group. 
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Table 7.1 Viral load, CD4 and CDS counts of subjects in the PI-Lipodystrophy 

group (PIL) compared to the Dual nucleoside-lipodystrophy group 

(DNL). **Undetectable (U) indicates that plasma viral RNA copies 

were below the limit of detection for the assay of 25 copies/ml. 

SUBJECT 

CODE 

Viral Load 

(copies/ml 

plasma) 

CD4 

(X 10^ celb/L 

plasma) 

CDS 

(X cells/L 

plasma) 

PI LIPODYSTROPHY GROUP 

PILa 798 555 918 

PILb 43 330 771 

PILc 138514 152 587 

PILd u** 382 2355 

PILe 20 156 941 

PILf 8619 121 1687 

Median 

(range) 

421 

(<25-138514) 

243 

(121-555) 

930 

(587-2355) 

NRTI-LIPODYSTROPHY GROUP 

DNLa 766 939 1434 

DNLb u** 466 994 

DNLc u** 583 681 

DNLd 20763 441 1544 

DNLe u** 256 482 

DNLf 937 441 1544 

DNLg u** 360 655 

Median 

(range) 

<25 

(<25-20763) 

441 

(256-939) 

994 

(482-1544) 
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Table 7.2 Therapy details at the time of study and previous therapy exposure of the 

PI-Lipodystrophy group (PIL) and the Dual nucleoside-lipodystrophy 

group (DNL). 

SUBJECT 

CODE 

Combination at 

time of study 

Duration 

(months) 

Previous therapy 

exposure 

Duration 

(months) 

PI-LI PODYSTROPHY GROUP 

PELa d4T SQVRTV 
4 ZDVddC 22 

PILb 3TC d4T RTV 18 AZTddC 25 

PILc RTV SQV d4T 6 3TC d4T 

3TC AZT SQV 

ddC AZT 

AZT 

13 

4 

7 

19 

PILd RTV SQV d4T 

3TC 

12 3TC d4T SQV 

d4T ddl 

ddl 

AZT 

7 

6 

4 

14 

PILe IND 3TC d4T 19 SQV 3TC AZT 

ddI3TC SQV AZT 

3TC NVP ddC 

AZT 

3TC ddC AZT 

AZT ddC 

2 

2 

4 

5 

3 

3 

PILf d4TRTV SQV 

NVP 

15 IND 3TC d4T 

AZT3TC 

ddl 

AZT 

12 

13 

30 

47 

NRTI-LIPODYSTROPHY GROUP 

D]SILa ddl d4T 26 NONE 

DNLb ddlAZT 96 NONE 

DNLc d4T ddl 39 NONE 

DNLd 3TC d4T 32 NONE 

DNLe ddl d4T 40 DDI AZT 1 

DNLf 3TCAZT 72 AZT 56 

DNLg ddId4T 24 NONE 
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Abbreviations: d4T Stavudine (KRU) 

SQV Saquinavir (PI) 

RTV Ritonavir (PI) 

NVP Nevirapine (NNRTI) 

ddC Zaicitabine (NRTI) 

3TC Lamivudine (NRTI) 

IND Indinavir (PI) 

ddl Didanosine (NRTI) 

VLZT ;%kknnidHie(NTtTI) 
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Table 7.3 Characteristics of subjects in both the PI-Lipodystrophy group (PIL) 

and the Dual nucleoside-lipodystrophy group (DNL) including age, 

height, weight, body mass index (BMI) and whether they smoked. 

SUBJECT 

CODE 

AGE 

(Yrs) 

HEIGHT 

(cm) 

WEIGHT 

(kg) 

BMI 

(kg/m^) 

SMOKER 

PI-LIPODYSTROPHY GROUP 

PILa 40 169 67.0 23.5 YES 

PILb 36 178 78.1 24.6 YES 

PILc 35 178 71.0 22.4 NO 

PILd 44 175 77.4 25.3 NO 

PILe 50 172 71.1 24.0 YES 

PELf 54 168 66.3 23.5 NO 

Median 

(range) 

42 

(35-54) 

173.5 

(168-178) 

71.1 

(66.3-78.1) 

23.8 

(22.4-25.3) 

NRTI-LIPODYSTROPHY GRC )UP 

DNLa 31 168 65.1 23.1 NO 

DNLb 67 172 67.2 22.7 NO 

DNLc 47 175 66.0 21.2 YES 

DNLd 49 178 71.9 22.7 YES 

DNLe 53 172 62.7 21.2 NO 

DNLf 43 171 65.1 22.3 NO 

DNLg 43 172 73.9 25.0 YES 

Median 

(range) 

49 

(31-67) 

172 

(168-178) 

66 

(62.7-73.9) 

22.7 

(21.2-23.1) 
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Table 7.4 Results of the bioelectrical impedance analysis (BIA) for fat mass (kg) 

and fat free mass (FFM) (kg), and fat and fat free mass as a percentage 

of total body weight in the PI-Lipodystrophy group (PIL) and the Dual 

nucleoside-lipodystrophy group (DNL). 

SUBJECT FAT (kg) FFM (kg) FAT (%) FFM(%) 

CODE 

PI LIPODYSTROPHY GROUP 

PILa 9.2 57.8 13.7 86.3 

PILb 10.5 67.6 13.4 86.6 

PILc 8.1 62.9 11.4 88.6 

PILd 11.1 66.3 14.3 85.7 

PILe 13.9 57.2 19.5 80.5 

PILf 12.3 54.0 18.6 81.4 

Median 10.8 60.4 14.0 86.0 

(range) (8.1-13.9) (54.0-67.6) (11.4-19.5) (80.5-88.6) 

NRTI-LIPODYSTROPHY GROUP 

DNLa 4.2 60.9 6.5 93.5 

DNLb 15.1 52.1 22.5 77.5 

DNLc 11.6 54.5 17.5 82.5 

DNLd 10.7 61.2 14.9 85.1 

DNLe 10.6 52.1 16.9 83.1 

DNLf 11.1 54.0 17.1 82.9 

DNLg 8.9 65.0 12.0 88.0 

Median 11.2 54.8 16.9 83.1 

(range) (4.2-15.1) (52.1-65.0) (6.5-22.5) (77.5-93.5) 
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Table 7.5 Results of anthropometric measures of waist circumference, hip 

circumference, waist to hip ratio, triceps skinfold, mid upper a rm 

circumference (MUAC) and mid upper arm muscle circumference 

(MUAMC) in the PI-Lipodystrophy group (PEL) and the Dual 

nucleoside-lipodystrophy group (DNL). 

SUBJECT 
CODE 

WAIST 
(mm) 

HIP 
(mm) 

WAIST: 
m P RATIO 

TRICEP 
SKINFOLD 

(mm) 

MUAC 
(mm) 

MUAMC 
(mm) 

PI-LIPC )DYSTROPHY GROUP 

PILa 835 949 0.88 9.4 297 267 

PILb 895 996 0.90 5.1 310 294 

PILc 832 980 0.85 5.1 291 275 

PILd 889 1029 0.86 6.1 284 265 

PILe 850 980 0.87 7.0 283 261 

PILf 905 930 0.97 5.2 280 264 

Median 

(range) 

869.5 
(832-905) 

980 
(930-1029) 

0.87 
(0.85-0.97) 

5.7 
(5.1-9.4) 

287.5 
(280-310) 

266 
(261-294) 

NRTI LIPODYSTROPHY GROUP 

DISILa 778 930 0.84 2.4 322 314 

DNLb 990 930 1.06 7.6 258 234 

DlSILc 905 956 0.95 10.4 289 256 

DMxl 888 976 0.91 6.6 304 283 

DlSILe 888 937 0.95 5.1 284 268 

DNLf 849 1010 0.84 7.1 292 269 

DNLg 810 1010 0.80 3.0 328 318 

Median 

(range) 

888 
(778-990) 

937 
(930-1010) 

0.95 
(0.80-1.06) 

6.6 
(2.4-10.4) 

289 
(258-328) 

268 
(234-318) 
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Table 7.6 Resting energy expenditure (REE) measured by indirect calorimetry 

expressed as kilojoules per day (kJ/day) and as kilojoules per kilogram 

of fat free mass (kJ/kg FFM), and energy expenditure over the 7-hour 

postprandial study period calculated by area under the curve in the PI-

Lipodystrophy group (PIL) and the Dual nucleoside-lipodystrophy 

group (DNL). Fat free mass was measured using bioelectrical 

impedance analysis. 

SUBJECT REE REE EE (kJ/7h) 

CODE (kJ/d) (kJ/kg FFM/d) (AUCi) 

PI-LTPODYSTROPHY GROUP 

PILa 7817 135 336 

PILb 8611 127 409 

PILc 8903 142 351 

PILd 8778 132 303 

PILe 8444 148 174 

PILf 8987 166 362 

Median 8694 138 344 

(range) (7817-8987) (127-166) (174-409) 

NRTI-LIPODYSTROPHY GROUP 

DNLa 8694 143 311 

DNLb 7106 136 309 

DNLc 7984 149 437 

DNLd 8485 139 235 

DNLe 7608 92 376 

DNLf 7691 142 315 

DNLg 8485 131 567 

Median 7984 139 315 

(range) (7106-8694) (92-149) (235-567) 
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Table 7.7 Respiratory exchange ratio (RER) and postabsorptive substrate 

oxidation calculated f rom VCO2 and VO2 measured by indirect 

calorimetry. Lipid and carbohydrate oxidation is expressed as grams 

per hour (g/h) prior to the administration of the test meal and emulsion 

in the PI-Lipodystrophy group (PEL) and the Dual nucleoside-

lipodystrophy group (DNL). 

SUBJECT 

CODE 

RER 

Oh 

LIPID 

OXIDATION 

(g/h) Oh 

CHO 

OXIDATION 

(g/h) Oh 

PI-LIPODYSTROPHY GROL rp 

PILa 0 82 3 84 7 05 

PILb 0 84 3^3 9 33 

PILc 0 80 5.04 6 J 4 

PILd 0 86 3^1 1109 

PILe 0.78 5.64 4 06 

PILf 0 84 3 94 9J5 

Median 

(range) 

()83 

(0.78-0.86) 

3 89 

(3.21-5.64) 

8 19 

(4.06-11.09) 

rfi<]riiii'()i)if!STnBic)i*iiTf ciRC] lUP 

DNLa (181 4.64 7^7 

DNLb 0.77 4.64 3 01 

DNLc 0.79 4.74 5.15 

DNLd 0 86 3 03 10 76 

DNLe 0.89 183 11.54 

DNLf 0.90 1.53 1244 

DNLg 0.83 4.04 &27 

Median 

(range) 

0.83 

(0.77-0.90) 

4 04 

(1.53-4.74) 

&27 

(3.01-12.44) 

187 



Table 7.8 Lipid and carbohydrate oxidation over the 7 hour period following 

administration of the emulsion and test meal, expressed as grams per 7 

hours (g/7h), calculated by area under the curve (AUC) and also 

expressed as the incremental area under the curve (AUCi), showing the 

change from baseline in the postprandial period in the PI 

Lipodystrophy group (PIL) and the Dual nucleoside-lipodystrophy 

group (DNL). 

SUBJECT LIPID CHO LIPID CHO 

CODE OXIDATION OXIDATION OXIDATION OXIDATION 

AUC ( g / 7 h ) AUC (grZh) AUCi(g/7h) AUC ,(g/7h) 

PI-LIPODYSTROPHY GROUP 

PILa 28.2 66.8 3.8 19.5 

PILb 34.5 69.6 8.4 7.7 

PILc 40.5 56.5 5.3 9.4 

PILd 33.3 69.9 10.8 0.0 

PILe 37.7 42.9 1.1 16.8 

PILf 31.3 82.0 6.1 18.9 

Median 33.9 68.2 5.7 13.1 

(range) (28.2-40.5) (42.9-82.0) (1.1-10.8) (0.0-19.5) 

NRTI-LIPODYSTROPHY GROUP 

DNLa 31.9 72.1 2.8 24.8 

DNLb 39.4 23.7 6.9 7.6 

DKLc 31.0 69.2 1.1 33.2 

DNLd 37.8 48.4 16.5 0.0 

DNLe 19.5 87.3 7.1 13.6 

DNLf 35.4 44.4 24.7 0.0 

DNLg 33.9 79.6 5.6 23.4 

Median 33.9 69.2 6.9 13.6 

(range) (19.5-39.4) (23.7-87.3) (1.1-24.7) (0.0-33.2) 
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Table 7.9 The calculation of the endogenous and exogenous sources of lipid 

oxidised over the 7 hour period (g/7h) using the percentage of C label 

recovered on breath over 7 hours, together with the amount of lipid in 

the test meal and the total lipid oxidised over the 7 hour period, 

calculated f rom the area under the curve (AUC) in the PI-

Lipodystrophy group (PEL) and the Dual nucleoside-lipodystrophy 

group (DNL). 

SUBJECT 
CODE 

% Administered 
^̂ C Dose 

Excreted on 
Breath over 7 h 

Lipid (g) 
in Test 
meal 

TOTAL 
LIPID OX. 

(AUC) 
(g/7h) 

EXOGENOUS 
LIPID OX. 

(g/7h) 

EISDOGENOUS 
LIPID OX. 

(g/7h) 

PI-LIPODYSTROPHY GROUP 

PILa 8.54 45.25 28.2 3.86 24.34 

PILb 2.49 45.25 34.5 1.13 33.37 

PILc 14.88 45.25 40.5 6.73 33.77 

PILd 6.74 45.25 33.3 3.05 30.25 

PILe 12.19 45.25 37.7 5.52 32.18 

PELf 8.02 45.25 31.3 3.63 27.67 

Median 8.28 45.25 33.9 3.75 31.22 

(range) 
(2.49-14.88) 

(28.2-40.5) (1.13-6.73) (24.34-33.77) 

NRTI-LIPODYSTROPHY GROUP 

DNLa 10.20 45.25 31.9 4.62 27.28 

DNLb 10.70 45.25 39.4 4.84 34.56 

DNLc 10.70 45.25 31.0 4.84 26.16 

DNLd 11.70 45.25 37.8 5.29 32.51 

DNLe 12.60 45.25 19.5 5.70 13.80 

DNLf 19.90 45.25 35.4 9.00 26.40 

DNLg 14.70 45.25 33.9 6.65 27.25 

Median 11.70 45.25 33.9 5.29 27.25 

(range) 
(10.20-19.90) 

(19.5-39.4) (4.62-9.00) (13.80-34.56) 
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Table 7.10 Fasting plasma triacylglycerol (TAG) expressed as mmol/litre, in the 7 

hours following the meal (AUC) and the change in plasma TAG from 

fasting following administration of the test meal and emulsion, 

calculated as the incremental area under the curve (AUCi) i n the PI-

Lipodystrophy group (PEL) and the Dual nucleoside-lipodystrophy 

group (DNL). * Statistically significantly different from the PEL group 

using the Mann Whitney test. 

SUBJECT 
CODE 

FASTING 
TAG 

(mmol/1) 

POSTPRANDIAL 
PLASMA TAG 

AUC (mmol/l/7h) 

POSTPRANDIAL 
TAG RESPONSE 

AUCi 
(mmol/1 over 7h) 

PI LIPODYSTROPHY GROUP 

PILa 6.3 46.5 2.9 

PILb 10.6 77.7 4.0 

PILc 4.5 38.3 6.8 

PILd 16.6 244.1 128.1 

PILe 6.1 59.6 17.3 

PE.f 38.5 288.7 33.8 

Median 

(range) 

8.5 

(4.5-38.5) 

68.6 

(38.3-288.7) 

12.1 

(2.9-128.1) 

NRTI-LIPODYSTROPHY GI lOUP 

DNLa 2.94 21.26 1.22 

DNLb 2.49 20.50 3.23 

DNLc 2.75 21.13 3.19 

D m d 1.06 10.41 3.04 

DfiLe 1.13 14.02 6.20 

DNLf 0.86 6.50 0.94 

DNLg 1.83 26.54 13.71 

Median 

(range) 

1.83* 

(0.86-2.94) 

20.50* 

(6.50-26.54) 

3.19 

(0.94-6.20) 

p=0.001 
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Table 7.11 Plasma non-esterified fatty acid (NEFA) concentration expressed as 

mmol/litre before the meal (fasting), in the 7 hours following the meal 

(AUC) and the change in plasma NEFA from fasting following 

administration of the test meal and emulsion, calculated as the 

incremental area under the curve (AUQ) in the PI-Lipodystrophy 

group (PIL) and the Dual nucleoside-lipodystrophy group (DNL). 

* Statistically significantly different from the PIL group using the Mann 

Whitney test. 

SUBJECT 
CODE 

FASTDVG 
NEFA 

(mmol/1) 

POSTPRANDIAL 
PLASMA NEFA 
AUC (mmol/l/7h) 

POSTPRANDIAL NEFA 
RESPONSE AUCi 
(mmol/1 over 7h) 

PI-LIPODYSTROPHY GR( )UP 
PILa 0.94 5.13 0.51 

PDLb 0.60 2.25 0.00 

PILc 0.51 2.61 0.09 

PILd 0.73 3.19 0.00 

PILe 0.43 2.40 0.20 

PILf 1.02 5.13 0.00 

Median 

(range) 

0.67 

(0.43-1.02) 

2.90 

(2.25-5.13) 

0.05 

(0.00-0.51) 

NRTT-LIPODYSTROPHY GROUP 
DNLa 0.35 0.12 0.03 

DlSILb 0.48 0.00 0.02 

DNLc 0.41 0.01 0.04 

DNLd 0.15 0.96 0.01 

DNLe 0.19 0.71 0.01 

DlSILf 0.45 0.36 0.03 

DNLg 0.24 0.59 0.02 

Median 

(range) 

0.35* 

(0.15-0.48) 

0.36* 

(0.00-0.96) 

0.02 

(0.01-0.04) 

p c O . O l 
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Table 7.12 Plasma [^^C] palmitic acid within triacylglycerol (^^C-TAG) and within 

non-esterified fatty acid (^^C-NEFA) expressed as jig/ml following 

administration of the emulsion containing 700 mg [1-^^C] palmitic acid 

and test meal, calculated as the incremental area under the curve 

(AUCi) in the PI-Lipodystrophy group (PIL) and the Dual nucleoside-

lipodystrophy group (DNL). * Statistically significantly different from 

the PIL group using the Mann Whitney test. 

SUBJECT CODE ["C]-TAG 
(Hg/ml/7h) 

["C]-NEFA 
(fig/ml/7h) 

PI-LIPODYSTROPHY GROUP 

PILa 143.1 4.7 

PILb 271.9 1.8 

PILc 178.3 3.1 

PDLd 331.1 1.6 

PILe 291.1 2.9 

PILf 462.3 2.6 

Median 281.5 2.8 

(range) (143.1-462.3) (1.6-4.7) 

NRTI LIPODYSTROPHY GROUP 

DNLa 95.9 3.0 

DNLb 84.2 3.0 

DNLc 69.4 3.5 

DlSILd 56.4 4.8 

DNLe 139.6 5.2 

DNLf 33.6 4.8 

DNLg 165.3 4.5 

Median 84.2* 4.5* 

(range) (33.6-165.3) (3.0-5.2) 

* p<0.04 

192 



Table 7.13 Fasting and postprandial plasma insul in and glucose concentrations 

calculated as the area under the curve f rom zero (AUCo) and 

incremental area under the curve (AUCi) in the PI-L ipodyst rophy 

group (PDL) and the Dual nucleoside-lipodystrophy group (DNL) . 

SUBJECT FASTING PLASMA PLASMA FASTING PLASMA PLASMA 

CODE PLASMA INSULIN INSULIN PLASMA GLUCOSE GLUCOSE 

INSULIN AUC AUC, GLUCOSE AUC AUC, 

(mU/I) (mU/l/7h) (mU/l/7h) (mmol/l) (minol/l/7h) (mmoI/l/7h) 

P I - L I P O D Y S T R O P H Y G R O U P 

PILa 8.1 181 129 4.1 34.0 5.3 

PILb 6.0 146 104 4.7 34.8 2.4 

PILc 4.5 119 87 5.4 40.8 3.8 

PILd 26.2 400 218 7.0 57.1 10.8 

PILe 14.1 172 78 4.8 37.3 4.1 

PILf 3.1 384 362 4.8 39.1 6.4 

Median 

(range) 

7.0 

(3.1-26.2) 

177 
(119-400) 

117 
(78-362) 

4.8 
(4.1-7.0) 

38.2 
(34.0-57.1) 

4.7 
(2.4-10.8) 

N R T I - L I P O D Y S T R O P H Y G R O U P 

DNLa 3.8 192 166 4.7 38.0 11.2 

DNLb 12.9 458 368 6.3 65.1 28.8 

DTMLc 10.2 225 156 5.1 43.7 9.6 

DNLd 5.3 119 92 4.9 40.0 6.6 

DNLe 12.2 235 155 5.3 44.6 9.2 

D N L f 13.8 468 371 6.1 67.8 31.5 

DlSILg 2.3 36 29 4.8 32.5 2.9 

Median 

(range) 
10.2 

(2.3-13.8) 
225 

(36-468) 
156 

(29-371) 
5.1 

(4.7-6.3) 
43.7 

(32.5-67.8) 
9.6 

(2.9-31.5) 
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Figure 7.1 Median carbohydrate oxidation during the 7-hour period following 

administration of the emulsion and test meal, expressed as grams per 

hour (g/h) for the Pl-lipodystrophy (PEL) and DN-lipodystrophy (DNL) 

groups. Data is presented as medians and the error bars show 

minimum and maximum values (range). 
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Figure 7.2 Median lipid oxidation during the 7-hour period following 

administration of the emulsion and test meal, expressed as grams per 

hour (g/h) for the Pl-lipodystrophy (PEL) and DN-lipodystrophy (DNL) 

groups. 
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Figure 7.3 Recovery of the label on breath as 13C02 over the 7-hour period 

following administration of the emulsion and test meal, expressed as a 

percentage of the administered dose for the Pl-lipodystrophy (PIL) and 

DN-Iipodystrophy (DNL) groups. 
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Figure 7.4 Endogenous lipid oxidation over the 7-hour period following 

administration of the emulsion and test meal, expressed as grams per 

hour (g/h) for the Pl-lipodystrophy (PIL) and DN-lipodystrophy (DNL) 

groups. * Statistically significantly different from the Pl-lipodystrophy 

group using the Mann Whitney Test. 
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Figure 7.5 Exogenous lipid oxidation over the 7-hour period following 
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Figure 7.6 Plasma triacylglycerol concentrations (mmol/l) during the 7-hour 

period following administration of the emulsion and test meal, for the 

Pl-lipodystrophy (PEL) and DN-lipodystrophy (DNL) groups. * 

Statistically significantly different from the Pl-lipodystrophy group 

using the Mann Whitney Test. 
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Figure 7.7 Plasma ["C] -triacylglycerol concentrations (lig/ml) during the 7-hour 

period following administration of the emulsion and test meal, for the 

Pl-lipodystrophy (PIL) and DN-Iipodystrophy (DNL) groups. 

* Statistically significantly different from the Pl-lipodystrophy group 

using the Mann Whitney Test. 
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Figure 7.8 Plasma non-esterified fatty acid (NEFA) concentration (mmol/l) during 

the 7-hour period following administration of the emulsion and test 

meal, for the Pl-lipodystrophy (PIL) and DN-lipodystrophy (DNL) 

groups. * Statistically significantly different from the Pl-lipodystrophy 

group using the Mann Whitney Test. 
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Figure 7.9 Plasma [13C]-non-esterif!ed fkWy acid (NEFA) concentrations (ng/ml) 

during the 7-hour period following administration of the emulsion 

containing 700mg [1-13C] palmitic acid and test meal, for the PI-

lipodystrophy (PIL) and DN-lipodystrophy (DNL) groups. * Statistically 

significantly different from the Pl-lipodystrophy group using the Mann 

Whitney Test. 
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Figure 7.10 The change in plasma insulin concentration (mU/I) following 

administration of the test meal and emulsion in the Pl-lipodystrophy 

(PIL) and DN-lipodystrophy (DNL) groups. 

180-| 

1 6 0 -

S " 1 4 0 
3 

& 120 

3 100 
w 

m 8 0 4 

E 
g 6 0 

40-1 

2 0 

0 

PIL 
DNL 

1 
0 3 4 5 

Time (h) 

T" 
6 

I 
7 

203 



Figure 7.11 The change in plasma glucose concentration (mmol/l) following 

administration of the test meal and emulsion in the Pl-lipodystrophy 

(PEL) and DN-lipodystrophy (DNL) groups. 
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7.5 Discussion 

In this study, stable isotopes tracers were used to investigate postprandial lipid 

metabolism in HIV-positive patients with lipodystrophy. This chapter was aimed at 

investigating both the alterations in lipid metabolism that occur with HAART use of more 

than three months and the differences in postprandial lipid metabolism in HIV-positive 

patients who have developed lipodystrophy whilst taking NRTFs alone or an NRTI and PI 

combination. 

7.5.1 Subject characteristics and body composition 

The dual NRTI-lipodystrophy group, tended to maintain a lower viral load and 

higher CD4 count than the Pl-lipodystrophy group, while the Pl-lipodystrophy group tend 

to have a more complicated history of therapy. The median exposure of PI drugs in this 

group was 18.5 months. In both groups, the median exposure to NRTI drugs was 

approximately 40 months. This may emphasize the point that the association between PI 

drugs and lipodystrophy is merely temporal. The introduction of a PI may also be a marker 

for a more complicated disease progression, indicating that, unlike in the group exclusively 

treated with NRTFs, this approach was not sufficient to maintain viral suppression. 

BMI tended to be lower in the dual NRTI-lipodystrophy group, although this was 

not significant. This does not fit with the suggestion that BMI and weight loss may be 

related to the degree of viral burden. There were no differences between the groups in any 

of the anthropometric measures made or in the BIA data. However, this was estimated 

based on the equations employed by the Bodystat 500 analyser using the measurement of 

impedance through tissues. Impedance, as previously described in Chapter 3.0, is defined 

by the equation: + Xc^. Where Z is impedance, R is resistance and Xc is 

reactance. The values measured by BIA for resistance and reactance (capacitance) are 

based on a series circuit containing a resistor (extracellular water) and capacitor (the lipid 

component of the membranes in the body cell mass). Kotler et al (1996) developed 

equations based on the body as a parallel circuit of resistors and capacitors and validated 

these equations in both healthy and HIV infected individuals of varied race and gender. 

The equations based on the parallel circuit were validated against techniques such as 

hydrodensitometry and total body potassium and were found to be better predictors of 

FFM and total body water in both healthy and HIV infected subjects. Therefore, the BIA 
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data presented here was based on equations that have not been validated for use in HIV 

infected groups and may need evaluating for use within this group [Schwenk et al, 1999]. 

The trend towards a lower percentage body fat and higher percentage FFM in the 

lipodystrophy group, estimated using BIA, does agree with the lower triceps skinfold and 

significantly higher mid upper arm muscle circumference observed in this group. 

However, as the lipodystrophy group reported an altered distribution of body fat, the 

subcutaneous adipose tissue at the triceps site cannot be taken as an indicator of the whole 

body percentage fat mass. 

7.5.2 Energy expenditure & substrate oxidation 

Resting energy expenditure tended to be higher in the Pl-lipodystrophy group, but 

this did not remain elevated when expressed per kilogram of FFM. However, as discussed 

previously, FFM was measured using BIA and possibly inappropriate equations for this 

population. The dual NRTI-lipodystrophy group appeared to oxidise more grams of dietary 

lipid in the postprandial period in comparison the Pl-lipodystrophy group. This may have 

been an artefact related to preceding diet or the dual NRTI-lipodystrophy group could have 

absorbed more labelled fatty acids from the meal, although exclusion criteria for both 

groups included the presence of diarrhoea. 

7.5.3 Plasma triacylglycerol and non-esterified fatty acid concentration and [^^C] 

enrichment 

The Pl-lipodystrophy group showed an approximate four-fold higher plasma TAG 

concentration in both the postabsorptive and postprandial periods compared to the dual 

NRTI-Iipodystrophy group. While both groups were recruited on the basis of having 

elevated plasma TAG concentration, it appears that the addition of a PI to an NRTI 

treatment regimen results in a marked increase in plasma TAG both in the postabsorptive 

and postprandial periods. The increased retention of the label within the plasma TAG 

fraction following the meal observed in the Pl-lipodystrophy group was not present in the 

dual NRTI-lipodystrophy group. This would suggest the reduced or delayed clearance of 

dietary TAG from the circulation observed in the Pl-lipodystrophy group does not occur to 

the same extent within the dual NRTI-lipodystrophy, assuming that the absorption of label 

from the gut is similar. 
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Plasma NEFA concentration in both the postabsorptive and early postprandial 

periods was elevated in the Pl-lipodystrophy group in comparison to the dual NRTI-

lipodystrophy group. In addition, the time taken to reach plasma NEFA nadir in the 

postprandial period was prolonged in the Pl-lipodystrophy group and may be indicative of 

the insulin resistance reported to occur with PI use in the absence of infection, although 

insulin sensitivity was not assessed in these subjects. However, the apparent delayed 

insulin response to the meal would result in a slower suppression of plasma NEFA 

concentration in the early postprandial period. 

Palmitic acid enrichment within the plasma NEFA fraction was two-fold higher in 

the dual NRTI-lipodystrophy group in the early postprandial period. This may have been 

due to more hydrolysis of labelled fatty acids from T AG-rich particles, which is possible as 

the clearance of dietary TAG from the circulation does appear to be lower in the Pl-

lipodystrophy group during the early postprandial period. Alternatively, this may represent 

a less efficient entrapment of fatty acids following hydrolysis in the dual NRTI-

lipodystrophy group, or a combination of these events. 

7.6 Summary 

The aim of the study described in this chapter was to examine the differences in 

postprandial lipid metabolism, specifically the metabolic disposal of [1-^^C] palmitic acid 

between HIV positive males with lipodystrophy taking either NRTI drugs alone or NRTI 

drugs in combination with protease inhibitors. The results demonstrate that; 

1) The duration of NRTI use at the time of self-reporting the phenotypic changes 

associated with lipodystrophy group was similar for both groups, suggesting a 

possible temporal relationship of PI drugs with lipodystrophy. 

2) The oxidation of dietary lipid was lower in the Pl-lipodystrophy group during the 

early postprandial period, possibly due to the elevated concentration of lipid within 

the circulation as both TAG and NEFA in the postabsorptive and postprandial 

period and a possible reduced capacity to take up fatty acids from the circulation. 

3) While the Pl-lipodystrophy group showed a prolonged retention of [^^C] palmitic 

acid within TAG in the circulation, the postprandial concentration of [^^C] palmitic 
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acid within NEFA was elevated in the dual NRTI-lipodystrophy group. This would 

suggest that while both groups show elevated postprandial plasma TAG 

concentrations compared to levels observed in HIV-negative healthy males of less 

than 2 mmol/1 (Bennoson Thesis 1999), the underlying perturbations that result in 

this elevated lipid may be different between the two groups. 

4) The pattern of plasma non-esterified fatty acid (NEFA) concentration during the 7-

hour period following the meal in the Pl-lipodystrophy group may be a result of 

delayed insulin secretion or indicate reduced insulin sensitivity, although a measure 

of insulin sensitivity is needed to verify this. 
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Chapter 8.0 Combined summary of data 

Before entering into a general discussion, it is important to reiterate the key findings 

of each chapter and collectively examine the data presented in this thesis in order to better 

interpret these findings. This chapter presents these key findings together with data from 

all groups presented in tables and graphs for comparison of differences between all groups 

studied. This chapter follows the order of the chapters already presented with a discussion 

of the key findings from chapters 4.0, 5.0, 6.0 and 7.0 and where appropriate, comparisons 

are made between the groups. 

8.1 A u d i t of HIV-posi t ive populat ion on f i rst H A A R T regimen 

The results of Chapter 4.0 indicate that, in this population age is not correlated with 

plasma triglyceride concentration. The results of multivariate analysis suggest that the 

strongest predictor of plasma TAG concentration is the length of time spent on therapy, 

independent of the type of therapy used. This observation within this population of 545 

HIV-positive patients on HAART would support the theory that lipodystrophy results from 

the prolonged use of therapy [Saint-Marc et al. 1999]. The use of both PI and NRTI 

appears to amplify the metabolic perturbations that occur with therapy in some individuals, 

as shown by the results of Chapter 7.0 and the previous work of Carr et al. (1998, 1999). 

Therefore, it would appear that while there is an increased prevalence of 

hypertriglyceridaemia and hyperglycaemia in patients using NRTI therapy, addition of a PI 

in some individuals exacerbates the condition resulting in more severe perturbations that 

may be more easily and therefore, more commonly observed. Taken together with the fact 

that the PI/NRTI is more commonly used than NRTI alone due to clinical efficacy, this 

could result in the false impression that PI drugs used as part of HAART are more 

commonly associated with metabolic perturbations. 

Selection of patients for studies using inclusion criteria weighted towards the 

metabolic perturbations may therefore result in a bias towards those patients with markedly 

elevated plasma lipids associated with the addition of PI drugs to the NRTI therapy 

backbone. This may explain why in this audit population the rate of combined 

hyperlipidaemia and hyperglycaemia associated with PI/NRTI therapy combination is far 

less than those reported previously. Interestingly, in the three patients treated exclusively 

with PI drugs there appeared to be a high incidence of hyperglycaemia. 
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While it is very rare that patients are treated exclusively with Pi's, this finding would 

agree with the work of Noor et al. (2001) that showed an effect of Indinavir on insulin 

sensitivity in healthy, HIV-negative subjects independent of alterations in plasma TAG or 

free fatty acids. 

The audit data also suggests that overall 10% of the population are hyperglycaemic, 

25% are hypertriglyceridaemic, while only 9% exhibit both metabolic perturbations. In this 

population, the prevalence of hypertriglyceridaemia and hyperglycaemia associated with 

the use of different drug classes agrees with several studies previously reported and the 

only apparent factor associated with a higher incidence of metabolic perturbations in NRTI 

use. However, a comparison of this data to the data collected in the lipodystrophy groups 

shows that 57% of the NRTI-lipodystrophy group, while having a fasting plasma TAG 

concentration of <2.3 mmol/1, were clearly hyperlipidaemic in the postprandial period. 

This may suggest that the 25% prevalence of hyperlipidaemia within the audit population 

may be nearer to 70%, especially in NRTI users. 

8.2 HIV-posi t ive males compared w i th healthy males of s imi lar age 

While the work presented in this thesis was designed to examine the metabolic 

perturbations that occur with the use of these different therapies, it was important first to 

examine the influence of HIV infection alone on this process. Previous studies have 

reported that plasma TAG is elevated in HIV infection and increases as the disease 

progresses. In our study, we found HIV-positive therapy naive males to have lower plasma 

TAG, glucose and insulin in comparison to HIV-negative males of similar age. This was 

due to two hypertriglyceridaemic males in the HIV-negative group and highlights the role 

of factors other than HIV infection in the development of hypertriglyceridaemia. The role 

of genotype, programming in early life, lifestyle, plane of nutrition (diet) and body habitus 

in the development or susceptibility of individuals to the metabolic alterations associated 

with lipodystrophy requires ftirther investigation. The data for these two 

hypertriglyceridaemic HIV-negative subjects was included in chapter 5.0 as it was felt 

important to highlight that hypertriglyceridaemia occurs in a non-HIV population of 

similar age. However, it could be argued that this is not a comparison of HIV-positive 

males to healthy males of similar age, as hypertriglyceridaemia may indicate an underlying 

pathological process. Therefore, the summary data in this chapter has removed the 

hypertriglyceridaemic controls from the data set, in order to obtain a better comparison of 
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HIV-positive subjects to healthy controls. Figure 8.1 shows the postprandial plasma TAG 

data for the HIV-negative control group (excluding the hypertriglyceridaemic males) in 

comparison to the other groups studied. The pattern here is as would be expected based on 

the work of other authors, that HIV infection causes an increase in plasma TAG 

concentration but the addition of HAART increases this further, with the most marked 

increase observed in patients taking protease inhibitors as part of HAART. 

In addition to the differences in postprandial plasma TAG concentration, the control 

group showed a lower energy expenditure when compared to all the HIV-positive groups, 

both as REE (kJ/kg LBM) and as energy expenditure over the 7 hour postprandial period. 

Total energy expenditure over 24 hours was not measured in this study in order to assess 

whether differences could be observed and whether these would be related to body mass. 

8.3 Short te rm use of P I / N R T I combinat ion 

In this group, it is possible that the increased recovery of label from plasma is a 

result of a delayed clearance of dietary lipid from the circulation. Chylomicrons remaining 

in the circulation would compete for LPL binding with chylomicrons that enter the 

circulation from subsequent meals, resulting in a further elevation of plasma TAG 

concentration. In addition, reduced peripheral clearance would increase the clearance of 

chylomicrons and chylomicron remnants by the liver, thus providing components for 

VLDL synthesis and release, further exacerbating plasma TAG concentration and LPL 

binding. While this is speculative, it would appear that elevated circulating endogenous 

lipid, while probably contributing to the process, does not cause the delayed clearance of 

exogenous lipid from the circulation as these patients did not have elevated endogenous 

plasma TAG concentrations. What remains unclear is whether this reduction in dietary 

lipid clearance is a result of the reduced viral burden, a direct effect of PFs, a direct effect 

of NRTI's or any combination of these. HIV infection is known to be associated with a 

reduced clearance time of TAG from plasma [Grunfeld et al. 1991], although reductions in 

viral burden should, in theory, ameliorate this. Therefore, the alterations observed in these 

patients are likely to be due to the HAART. 

In order to investigate the elevated plasma TAG observed following a mean 22 

weeks of HAART including a PI, Berthold et al. (1999) isolated the plasma VLDL fraction 

by ultracentrifugation and measured VLDL TAG and apo-B concentration in a group of 19 

HIV-positive patients. They suggested that the increase in plasma TAG observed during 
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this period was due to increases in both VLDL particle number (as assessed by increases in 

total and VLDL apo-B) and the amount of TAG in each TAG-rich lipoprotein particle 

(triglyceride:apo-B ratio). However, they do not say whether their patients were fasted at 

the time of measurement and it is therefore, difficult to assess if the sample in which they 

measured VLDL apo-B would be contaminated with chylomicron remnants. In addition, 

no hypothesis was suggested for why these TAG-rich lipoprotein fractions were elevated. 

8.4 NRTI lipodystrophy in comparison to NRTI/PI combination lipodystrophy 

The data from Chapter 7.0 shows that while the disturbed metabolic handling of 

lipid in lipodystrophy can occur following approximately 40 months of exclusively NRTI 

use, the addition of a PI drug to this combination may exacerbate the degree of this 

metabolic disturbance, possibly through alterations in insulin sensitivity within this group. 

In addition, while NRTI-lipodystrophy appears to be associated with mild to moderate 

elevations of plasma TAG and retention of the label in the plasma NEFA pool, PI-

lipodystrophy is typically associated with much higher plasma TAG concentrations with a 

retention of label within the plasma TAG pool (table 8.3, figures 8.1-8.6). This may 

indicate that perturbed lipid metabolism occurs by distinct and separate mechanisms with 

each drug class, but that a combination of the two results in a cumulative and markedly 

increased disturbance in the metabolic capacity to handle both dietary lipid and lipid 

already present within the body. Carr etal (1998) have also reported that the addition of a 

protease inhibitor to an NRTI drug resulted in more marked metabolic perturbations 

associated with the lipodystrophy. 

However, it is unclear if this is a direct effect of the drug as the addition of a PI 

may also be a marker for a more complicated disease progression, indicating that, unlike in 

the group exclusively treated with NRTFs, this approach was not sufficient to maintain 

viral suppression. If this is the case, it could be that the severity of lipodystrophy is 

associated with the severity of infection or the degree of difficulty experienced in 

achieving antiretroviral control. There are a number of factors that could influence the 

severity of infection. The first of these is the strain of HIV as there are many different 

strains of HIV, some of which may be more virulent or less responsive to certain drug 

classes. The immune capacity of the host may also influence this process, and this capacity 

is a result of genetic, nutritional and general health influences. Other factors may include 

when therapy was initiated relative to the time of infection, patient compliance with 
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therapy, the initial efficacy of the first drug combination, the ability of the virus to 

establish resistance to any of the treatments administered and the host's nutritional and 

general health throughout this process. 

A more marked metabolic perturbation in the PI/NRTI combination treated 

lipodystrophy group was evident by a fourfold higher plasma TAG concentration and 

higher plasma NEF A concentration both in the postabsorptive and postprandial period. The 

presence of the label within these two pools was significantly different between the two 

groups in the postprandial period. However, it is unclear if the differences observed in the 

metabolic partitioning of the label represent the influence of the drugs on specific part(s) of 

this process or the effect of the altered TAG and NEFA concentration within the plasma. It 

is possible that the reason for what appears to be a delayed clearance of dietary lipid from 

the circulation in the combination treated group, is actually due to the presence of large 

amounts of endogenous lipid within the circulation competing for the LPL enzyme and 

uptake mechanisms. A lesser hydrolysis of chylomicron TAG could also explain a lower 

proportion of the label in the NEFA pool. However, while this may explain the results 

obtained using the labelled fatty acid, it does not explain how these metabolic perturbations 

arise. In order for the plasma TAG to become elevated, the processes of secretion into the 

circulation or uptake from the circulation or both must have altered so that over a period of 

time, TAG accumulates within the circulation. 

The findings using the label may suggest that while NRTFs reduce the capacity of 

the cell to take up fatty acids, Pi 's have an additional influence that decreases lipoprotein 

TAG clearance or increase secretion of TAG-rich lipoproteins from the liver, possibly 

through reduced insulin sensitivity, as reported with PI use in healthy volunteers [Noor et 

a/. 2001]. 
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Table 8.1 Comparison of subject characteristics in all groups. Data is presented as median (min, max). The statistical significance of group 
effect is determined by the Kruskal-Wallis test where significance is assumed at p<0,05. The letters (a,b,c,d) indicate where these 
differences lie as assessed by the Mann-Whitney U Test (p<0.05). 

HIV+( i i5) PIL (fl 6) ft\L(n7) SlttBlficUHVC 
Age (years) 39 (32, 55) 45 (20,47) 42(3^54) 49(31,67) ns 
Height (m) 1.78(1.71, 1.81) 1.81 (1.65, 1.87) 1.77 (1.68, 1.80) 172(1.68,L78) ns 
Weight (kg) 83.9(68.3, 93.1) 64.3 (56.6, 78.0) 71.1(66.3,78.1) 66.0 (62.7,73.9) ns 

Body Mass Index (kg/m2) 26.6 (23.4, 29.4) 20.8 (19.6, 22.3) 23.8 (22.4, 25.3) 22.7(21.2, 23.1) ns 

Triceps Skinfold thickness (mm) 13.6(7.1,17.9) 8.0(5.1, 114) 5.7 (5.1, 9.4) 6.6 (2.4,10.4) ns 

Fat Mass from BIA (%) 17.8 (15.5, 22.5) 17.7 (13.5, 24.5) 14.0(11.4,19.5) 16.9 (6.5, 22.5) ns 

Fat Mass from BIA (kg) 16.0(11.4, 22.8) 10.5 (9.0, 12.5) 10.8(8.1,13.9) 11.2(4.2,15.1) ns 

Lean Body Mass from BIA (kg) 65.7 (56.9, 72.7) 53.9 (47.6, 66.5) 60.4 (54.0,67.6) 54.8 (52.1,65.0) ns 

Mid Upper Arm Muscle Circ (mm) 339 (315, 356) 241 (237, 284) 266 (261,294) 289 (258, 328) ns 

Waist Circumference (mm) 914 (799,1022) 836 (715, 847) 870 (832, 905) 888 (778, 990) ns 

Hip Circumference (mm) 1067 (945,1120) 950 (867, 980) 980 (930,1030) 937 (930,1010) ns 

Waist:Hip Ratio 0.86 (0.78,0.91) 0.86 (0.82,0.88) 0.87 (0.85,0.97) 0.95 (0.80,1.06) ns 

Viral Load (copies/ml plasma) not determined 168312 (36800 -1987200) a 412 (0 - 138514) b <25 (<25-20763) c P<0.01 

CD4 Count (cells x 106/1 plasma) not determined 6 5 # U 3 & 0 a 243 (121 -555) b 441 (256 - 939) b P<0.05 

CDS Count (cells x 106/1 plasma) not determined 877 (96-1157) 930 (587 - 2355) 994 (482 - 1544) ns 

w 
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Table 8.2 Comparison of energy expenditure, respiratory exchange ratio and oxidation data in the postabsorptive and postprandial period 
between all groups. Data is presented as median (min, max). The statistical significance of group effect is determined by the 
Kruskal-Wallis test where significance is assumed at p<0.05. The letters (a,b,c,d) indicate where these differences lie as assessed 
by the Mann-Whitney U Test (p<0.05). 

Post Absorptive State 

REE (kJ/kg LBM/d) 

RER 

Net Lipid oxidation (% REE) 

HIV. (0 6> 

108 (100, 123) a 

0.86 (0.78,0.95) 

33(%^69) 

49(1% 57) 

m n m 

130(119,140) b 

0.81 (0.79,0.92) 

47 (7, 53) 

34 (29, 73) 

138(127,166) b 

0.83 (0.78,0.86) 

47 (34, 65) 

38 (20,52) 

139 (92,149) b 

0.83 (0.77,0.90) 

45 (17,64) 

40 (17,66) 

P<0.01 

ns 

ns 

ns 

Post Prandial State 

EE AUC OdOqglJB&fjperTIO 

Increase EE AUC (kJ/kgLBM per 7h) 

35.0(33.8,40.0) a 

3.40(2.51,4.68) a 

42.0 (40.9, 44.8) b 

4.19(3.75,7.71) a,b 

45^(43 1,5^1) b 

5.70(2.92,6.69) b 

46.7(31.2,51.6) b P<0.01 

5.81 (3.82,8.69) b P<0.05 

Breath (% dose per 7h) 12.0 (6.7,12.9) 6.7 (4.8,15.2) 

CHO Oxidation (% EE) 39 (12,70) 32 (25, 63) 

Exogenous Lipid Oxidation (% EE) 7 (6, 10) 6 (4, 10) 

Endogenous Lipid Oxidation (% EE) 31 (7,49) 41 (12,46) 

8.3 (2.5,14.9) 

39 (26, 44) 

5(1J% 
42 (35,46) 

11.7(10.2,19.9) ns 

40^6,5^ IB 
8 (6, 13) ns 

36^:0^^ M 



Table 8.3 Comparison of plasma TAG, NEFA, insulin and glucose in the postabsorptive and postprandial period between all groups. Data is 
presented as median (min, max). The statistical significance of group effect is determined by the Kruskal-Wallis test where significance is 
assumed at p<0.05. The letters (a,b,c,d) indicate where these differences lie as assessed by the Mann-Whitney U Test (p<0.05). 

Post Absorptive State 

Plasma TAG (nunol/l) 0.7(0.4,1.1) a 1.20 (0.90,1.60) b 8.45(4.5,38.5) c 1.83(0.86,2.94) b P< 0.001 

Plasma NEFA (mmol/1) 0.26 (0.08,0.30) a 0.45(0.13,0.51) a 0.67(0.43,1.02) b 0.35(0.15,0.48) a P<001 

Plasma Glucose (mmol/1) 5.1(4.9,6.8) 4.80 (4.4, 5.0) 4.8 (4.1, 7.0) 5.1(4.7, 6.3) ns 

Plasma Insulin (mmol/1) 7.4 (0.9,7.7) 10.4 (4.3, 13.7) 7.0 (3.1,26.2) 10.2 (2.3, 13.8) ns 

Post Prandial State 

Peak Plasma TAG (mmol/1) 1.21 (0.62,1.55) a 1.78 (1.25, 2.02) a 13.5 (6.2,55.0) b 3 49(L32,5J0) c P< 0.001 

Nadir Plasma NEFA (mmol/1) 0.11(0.08,0.16) a 0.11(0.10, 0.20) a 0.28(0.19,0.63) b 0.16(0.10,0.21) a P<001 

Peak Plasma Glucose (mmol/1) 7.6 (6.2,8.1) 6.90 (6.10,7.40) 7.60 (5.8,10.7) 8.00 (5.9,16.2) ns 

Peak Plasma Insulin (mmol/1) 66.4 (27.3, 78.3) 53.0 (23.9, 79.5) 68.3 (58.1, 162.0) 64.6(24.1, 123.4) ns 

Area Under the Curve (per 7h): 

Plasma TAG (mmol/1) 6.6 (4.4, 9.2) a 9.5 (8.0, 14.9) b 67.8(37.7,286.0) c 20.5 (6.5, 26.5) d P< 0.001 

Increment in Plasma TAG (mmol/1) 1.9(1.5,3.1) a 2.0 (0.7, 2.9) a 1L6(2 3, 127.0) b 3.2 (0.9,6.2) a P<001 

Plasma '^C-TAG (ug/ml) 34 (29,48) a 35 (23, 72) a 229 (151,472) b 84.2 (33.6, 165.3) c P< 0.001 

Plasma NEFA (mmol/1) 1.34 (0.85,1.69) a 1.37 (0.74,2.70) a 2.89 (1.87,4.76) b 0.80(0.67,1.38) a P<001 

Plasma NEFA (ug/ml) 2.8 (1.7, 3.6) 1.71 (0.53, 5.23) 2.96 (1.87, 4.76) 4.5 (3.0, 5.2) ns 

Plasma Glucose (mmol/1) 38.0 (37.3, 40.2) 35.5 (29.6, 38.9) 37.7(34.1, 56.7) 43.7 (32.5, 67.8) ns 

Plasma Insulin (mmol/1) 128.7(43.2,178.1) 119.0 (59.7, 236.0) 167.0 (91.1,401.1) 224.6 (35.5, 467.6) ns 

t o 
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Figure 8.1 Plasma triacylglycerol concentrations (mmol/1) during the 7-hour period 

following administration of the emulsion and test meal, in the HIV-negative 

(HIV-), HIV-positive therapy naive (HIV+), HIV-positive with PI-

lipodystrophy (PIL) and HIV-positive with NRTI-lipodystrophy (DNL) 

groups. 
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Figure 8.2 Postprandial plasma ['^C]-TAG concentration in the HIV-negative (HIV-), 

HIV-positive therapy naive (HIV+), HIV-positive with Pl-lipodystrophy 

(PIL) and HIV-positive with NRTI-lipodystrophy (DNL) groups. 
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Figure 8.3 Postprandial plasma [^^C]-TAG area under the curve over 7 hours in the 

HIV-negative (HIV-), HIV-positive therapy naive (HIV+), HIV-positive 

with Pl-lipodystrophy (PIL) and HIV-positive with NRTI-lipodystrophy 

(DNL) groups. 
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Figure 8.4 Postprandial plasma NEFA concentration in the HIV-negative (HIV-), HIV-

positive therapy naive (HIV+), HIV-positive with Pl-lipodystrophy (PIL) 

and HIV-positive with NRTI-lipodystrophy (DNL) groups. 
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Figure 8.5 Postprandial plasma ['^C]-NEFA concentration in the HIV-negative (HIV-), 

HIV-positive therapy naive (HIV+), HIV-positive with Pl-lipodystrophy 

(PIL) and HIV-positive with NRTI-lipodystrophy (DNL) groups. 
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Figure 8.6 Postprandial plasma ['^C]-NEFA area under the curve over 7 hours in the 

HIV-negative (HIV-), HIV-positive therapy naive (HIV+), HIV-positive 

with Pl-lipodystrophy (PIL) and HIV-positive with NRTI-lipodystrophy 

(DNL) groups. 
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Chapter 9.0 General Discussion 

The primary purpose of the work described in this thesis was to directly examine 

whole body macronutrient metabolism in patients on differing HAART regimens and in 

particular, to elucidate the effects of NRTFs alone and in conjunction with PI in 

comparison to that seen in therapy-naive HIV seropositive patients and HIV negative 

controls. Hyperlipidaemia, one of the most obvious indicators of metabolic dysfunction 

associated with HAART, reflects an imbalance between the rate at which lipid enters the 

circulation and its clearance by peripheral tissues. Thus it was necessary to understand the 

relationship between these processes if the underlying metabolic lesion is to be clarified. 

Peripheral clearance by muscle, adipose tissue or liver, requires a combination of 

endothelial lipoprotein lipase to release fatty acids from circulating TAG-rich particles, and 

then effective 'trapping' of the fatty acids released by hydrolysis [Playford & Watts 1999]. 

Impaired co-ordinate control of these processes is likely to increase the flow of non-

esterified fatty acids (NEFA) from the periphery to the liver, increasing hepatic VLDL 

secretion and leading to hypertriglyceridaemia, hyperglycaemia and peripheral insulin 

resistance. In the studies described in this thesis, the relative contributions of HIV infection 

and each drug class to the metabolic dysregulation, fasting metabolic parameters and the 

metabolic response to a standard lipid containing meal were assessed. The choice of patient 

and control populations in these studies have made it possible to evaluate the impact of 

HTV infection, NRTI therapy and NRTI+PI therapy on lipid handling relative to that seen 

in HIV negative healthy individuals. Patients treated with Pis alone, to establish whether 

the observed effects were specifically related to NRTFs rather than cytokines released 

secondary to immune restoration, were not available to study. 

The main events studied were the kinetics and time course of ^^C-fatty acid in the 

TAG and NEFA pools within the circulation and the kinetics and time course of label 

excretion in breath. Prolonged retention of the labelled fatty acids as TAG in the 

circulation was assumed to reflect an impaired clearance of lipid from the circulation by 

peripheral tissues. Any elevation of labelled fatty acids as NEFA was taken to reflect 

impaired entrapment of fatty acids fi"om hydrolysed TAG by peripheral tissues. The extent 

of recovery of label in breath as reflects oxidation of dietary lipid and any 

differences between groups interpreted as reflecting differences in the oxidation of labelled 

fatty acid by peripheral tissues, particularly liver and skeletal muscle. 
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These studies demonstrate that whereas HIV-infection alone (therapy naive) does 

not markedly alter lipid handling over the postprandial period, NRTI therapy alone and in 

combination with Pis impairs the usual processes whereby circulating TAG are hydrolysed 

in peripheral tissues, and the resulting fatty acids taken up by cells. This impairment is 

most evident in those patients receiving Pl-based HAART in whom the 

hypertriglyceridaemia was most marked. Finally, it was not possible to demonstrate any 

obvious defect in mitochondrial lipid oxidation with HIV infection or NRTI-containing 

HAART with or without Pis. This would imply that mitochondrial toxicity is not a critical 

mechanism of dyslipidaemia in persons with lipodystrophy*. 

The most likely explanation of the results obtained in this work is that in patients 

treated with HAART there are significant changes in lipid handling in the periphery, which 

lead in time to significant hyperlipidaemia. The mechanisms through which the changes in 

blood lipid concentration are brought about appear to differ for different drug 

combinations. The most important findings are that NRTI impairs fatty acid entrapment in 

the periphery. When a PI is added to this regimen there is also impairment in the handling 

of an oral lipid load, which appears to be related to an impaired effective lipolysis. These 

changes appear to become more marked the longer the duration of therapy, although it may 

be that there is a contribution fi-om the underlying progress of the disease process itself 

Some caution is needed with this interpretation, because for a clinical study of this kind 

there are important difficulties in obtaining an ideal experimental design. As a result there 

are important, but unavoidable, differences in the baseline characteristics between the 

study groups, for example in terms of viral load, disease progression and the initial lipid 

metabolic state. Nevertheless, the most likely explanation of the differences in the 

responses to the test meal described here can be attributed to separate effects upon lipid 

hydrolysis and fatty acid entrapment in the periphery. 

Three further observations add weight to the suggestion that the clearance of TAG 

and fatty acid turnover may be altered in HIV-associated lipodystrophy. Firstly, Sekhar et 

al. (2002) have shown increased lipid turnover (whole body rates of lipolysis, re-

esterification and NEFA oxidation) and decreased TAG clearance using steady state 

kinetics in HAART-treated HIV patients with central obesity, peripheral fat wasting and 

elevated CM and VLDL-TAG compared to HIV-negative controls. Despite different 

methodology our findings are in agreement with these steady state data. Secondly, a 

For a more detailed discussion, see Appendix 5.4 

224 



marked decrease in heparin-releasable hepatic lipase and lipoprotein lipase activity has 

been reported in HIV-infected men with severe hypertriglyceridaemia treated with PI-

containing regimens in comparison to healthy controls [Baril et al. 2001]. Low LPL 

activity may result in increased levels of CM and VLDL TAG and the low hepatic lipase 

activity may result in an accumulation of particles rich in cholesterol and apolipoprotein-E 

(CM remnants and intermediate density lipoproteins). Finally, a reduced rate of VLDL 

transfer into denser lipoproteins has been reported by Schmitz et al. (2001), implying lower 

rates of LPL-mediated delipidation. In addition to these findings, Hadigan et al. (2002) 

have recently reported increased free fatty acid flux in HIV-positive patients associated 

with the use of the NRTI Stavudine. While this study did not control for the concurrent use 

of protease inhibitors or the presence or absence of lipodystrophy, it is in agreement with 

our findings that NRTI use results in alterations in free fatty acid metabolism. 

The aim of this chapter is to discuss these research findings within the fi-amework 

of the mechanisms proposed for the development of lipodystrophy. The potential impact of 

factors such as the presence of specific genetic polymorphisms, cytokine levels, endocrine 

function and the progression of HIV infection are discussed, followed by a discussion of 

the potential mechanisms whereby these specific drug classes could directly or indirectly 

result in the alterations in lipid metabolism observed within this thesis. 

9.1 Currently proposed mechanisms for Lipodystrophy development 

This work suggests that there is an influence of the drugs used in HAART on the 

clearance of dietary lipid from the circulation. However, the data collected from a healthy 

control group of similar age would indicate that gross metabolic lipid perturbations occur 

in the absence of infection and treatment with HAART suggesting a role for other factors. 

Some underlying genetic polymorphisms have been suggested to predispose an 

individual to lipodystrophy. Maher et al. (2000) found an increased frequency of 

polymorphism -238 in the TNF-a gene in patients with lipodystrophy compared to those 

without. A (3-3 adrenergic receptor polymorphism in visceral fat, associated with visceral 

obesity, elevated TAG and insulin resistance has also been found to be higher in patients 

with lipodystrophy compared to controls although not significantly [Vonkeman et al. 

2000]. The fi"equency of both these mutations was not high enough to be the sole 

explanation for lipodystrophy development. In other types of lipodystrophy, such as 
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Dunnigan's, a mutation in nuclear lamin A/C, a component of the nuclear envelope has 

been found [Shackleton et al. 2000]. This mutation is also found to be associated with 

hyperinsulinaemia, dyslipidaemia, hypertension and diabetes [Hegele et al. 2000a] and is 

thought to be due to impaired interactions between the mutant lamin in the nuclear 

envelope and chromatin, transcription factors and/or other nuclear or cytosolic proteins 

[Hegele et al. 2000b]. This mutation has not yet been investigated in HIV lipodystrophy 

patients. Of more promise are the findings of Perret et al. (2001) that apo-Cin 

polymorphisms may explain up to 43% of the variability in plasma TAG concentration in 

Pl-treated patients. However, none of these proposals have conclusively been identified as 

the mechanism for lipodystrophy development or can explain the array of symptoms 

observed in lipodystrophy. 

There is also evidence that cytokine concentrations can influence the signalling 

processes that link the endothelial phase of TAG hydrolysis (LPL) and the sub-endothelial 

phase of fatty acid uptake and metabolism. This process involves the complement C3 

derived acylation stimulating protein (ASP) [Sniderman et al. 1997; Scantlebury et al. 

1998] and recent data have indicated that conversion of C3 to ASP is inhibited by tumour 

necrosis factor (TNF)a. TNF release into the medium and serum concentration of sTNF 

receptor type 11 has been found to be higher and conversion of C3 to ASP lower in fat 

biopsy samples derived from individuals with clinical lipodystrophy relative to the HIV-

positive and HIV negative controls [lonescu et al. 2002]. In addition, measurements of 

TNF receptor levels during and 3 months after stopping PI therapy showed a significant 

decrease [Maher et al. 2000] and an increased synthesis of TNF-a has been shown in CD4 

and CDS T cells of lipodystrophy patients [Ledru etal. 2000]. The acquired lipodystrophy 

Barraquer-Simon's syndrome, which has phenotypic similarity to HIV-associated 

lipodystrophy, is also accompanied by low levels of complement C3 hence low ASP 

[Meyrier et al. 1997]. Recent work fi-om Grimble et al. has suggested that genetic 

polymorphisms in the TNF-a gene and lymphotoxin-a (LT-a) gene may modulate the 

cytokine response of an individual to infection [Grimble et al. 2002; Howell et al. 2002] 

indicating that the metabolic response to infection may be predicted by genotype. Once the 

molecular mechanisms underlying lipodystrophy and these metabolic perturbations are 

better characterised, genotyping may provide a useful tool in deciding which HAART 

combination is least likely to have these effects in an individual. 
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Interferon-a (IFN-a), administered to treat Hepatitis C co-infection is known to 

increase plasma TAG levels [Morlese et al. 2000] and a significant positive correlation has 

been found between IFN-a accumulation and increased TAG, cholesterol and ApoB in 

HIV-positive males with lipodystrophy [Christeff et al. 2002]. In this study, multivariate 

analysis suggested that IFN-a is the best marker for lipid perturbations associated with 

lipodystrophy, followed by insulin and cortisoliDHEA ratio. 

Some similarities exist between lipodystrophy and the clinical features of 

Gushing's syndrome, and have led some authors to suggest that lipodystrophy is a Pseudo-

Cushing syndrome [Miller et al. 1998]. While serum Cortisol levels were elevated in HIV-

positive patients compared to controls, no differences were found between individuals with 

and without lipodystrophy [Christeff et al. 1999]. Differences were observed in DHEA 

concentration in the lipodystrophy group and the authors hypothesised that the altered 

Cortisol:DHEA ratio was due to PI interactions with the cytochrome P450 isoforms 

involved in steroid metabolism, producing an imbalance between lipolysis and lipogenesis 

resulting in peripheral fat loss and central fat accumulation. Yanovski et al. (1999) showed 

normal serum Cortisol levels, Cortisol response after CRH stimulation, Cortisol binding 

globulin concentration and glucocorticoid number and affinity in lipodystrophy patients, 

suggesting that alterations to the HP A axis are not a cause of lipodystrophy. 

Other groups have looked at the central role of insulin in the development of 

lipodystrophy. In PI treated subjects following an oral glucose tolerance test (OGTT), 

elevated levels of insulin, proinsulin and C-peptide have been found indicating a possible 

Beta-cell dysfunction [Behrens et al. 1999]. Martinez and Gatell (1998) have proposed an 

alternative mechanism of protease inhibitors inhibition of the cellular enzymes insulin 

protease and glutathione-insulin transhydrogenase, which catalyse the breakdown of 

insulin once taken up by the cell via the insulin receptor. The reduction in insulin 

degradation would cause hyperinsulinaemia, which over a period of time, would result in 

insulin-resistance, leading to an increase in fatty acid release from adipocytes. While these 

mechanisms have yet to be proven, other protease inhibitor drugs (Camostat) have been 

shown to cause pancreatic hypertrophy and prevent pancreatitis in a spontaneous 

pancreatitis rat model [Sugiyama et al. 1996]. 

Other reporters have suggested that lipodystrophy development is not due to the 

therapy but to either the progression of the infectious process or, in contrast, a rapid 

reduction in infective burden as a result of therapy [Goujard et al. 2001]. 
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Hyperinsulinaemia is positively correlated with low CD4 counts and ADDS progression 

[Shikuma et al. 1999], while REE has been found to be higher in individuals where 

HAART has achieved a significant reduction in viral burden compared to HAART naive 

individuals with high viral loads [Shevitz et al. 1999]. However, it is unclear if the 

increased REE is accompanied by an increase in fat-free mass. Using magnetic resonance 

imaging (MRI) and dual-energy X-ray absorptiometry (DEXA), increased visceral 

adiposity was shown in HIV infected patients on HAART and was associated with higher 

CD4 counts and lower viral burdens [Engelson et al. 1999]. As lipodystrophy has 

developed in HAART treated patients without improvement in viral load [Mezzaroma et 

al. 1999; Panse et al. 2000] it would appear that to a certain extent the influence of 

HAART on these metabolic processes may be independent of the virological response to 

treatment. An alternate theory is that antiviral agents have allowed patients to survive to 

the disease stage at which this syndrome would naturally occur [Buss & Duff 1999; Wanke 

1999]. 

The primary perturbation appears to be in lipid metabolism as following HAART 

initiation including PI drugs, rapid and sustained increases in plasma TAG are observed 

within 4 weeks [Churchill et al. 1998]. The data presented in this thesis suggests that 

exclusively NRTI treated patients exhibit retention of the labelled fatty acid within the 

NEFA pool, while the PI/NRTI combination treated patients show retention of label within 

the TAG pool, indicating independent effects of these two drug classes on the postprandial 

uptake and metabolism of fatty acids. While adipose, muscle and liver are the predominant 

tissues that remove fatty acids from the circulation, the following sections will primarily 

discuss fatty acid uptake and metabolism within the adipocyte only. The rationale for this 

is that muscle uptake and metabolism of fatty acids does not appear to be impaired in the 

patients studied as indicated by the recovery of label on breath, an indirect measure of fatty 

acid oxidation. In addition, hepatic steatosis is rare in lipodystrophic patients while plasma 

VLDL-TAG is high [Berthold et al. 1999], indicating that the liver is able to take up and 

export fatty acids. However, the uptake and storage of fatty acids within adipocytes from 

subcutaneous adipose tissue is profoundly altered as evidenced by the phenotypic changes 

associated with lipodystrophy. 
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9.1.1 Mechanisms for NRTI induced changes in free fatty acid uptake by the 

adipocyte. 

9.1.1.1 Direct effects 

Stahl et al (1999) have shown that antisense oligonucleotide treatment of 

enterocytes produces a reduction in the levels of the human fatty acid transport protein 4 

(hsFATP4) resulting in reduced cell fatty acid uptake. NRTI drugs consist of dideoxy 

analogues of dinucleotide triphosphate (also called ddNTP). Incorporation of these will 

terminate the elongation of the DNA chain being copied by viral reverse transcriptase from 

the viral RNA. These ddNTP are known to be potential substrates for the mitochondrial 

enzyme DNA polymerase y but it is unclear if ddNTP are substrates for other enzymes 

involved in DNA replication and transcription. Polymerase y has been the subject of 

investigation because mitochondrial DNA replication takes place in the cytosol and 

ddNTPs are targeted to the cytosol to reduce viral replication. However, the extent to 

which these ddNTPs can influence nucleic acid processing within other structures, such as 

the endoplasmic reticulum and nucleus is unclear. 

Several bacteria and viruses have been shown to enter the cell via caveolae in the 

cell membrane, resulting in their transport intact into the endoplasmic reticulum (ER) 

[Pelkmans et al. 2001]. Therefore, it is possible that ddNTPs associated with virus could 

also enter the cell by this route, resulting in the delivery of an effective antisense 

dinucleotide into the endoplasmic reticulum. While the rough endoplasmic reticulum 

(RER) is involved in the synthesis of proteins for inclusion in the cell membrane or for 

export from the cell, the smooth endoplasmic reticulum (SER) is the site of fatty acid, 

phospholipid and steroid synthesis. Therefore, the presence of these synthetic dinucleotides 

within the ER may influence the production of hsFATP4 and other proteins destined for 

the cell membrane or export either by influencing the RNA sequence from which the 

proteins are translated or by entry into the nucleus via the ER cellular transport system for 

inclusion in the DNA template. 
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9.1.1.2 Ind i rec t effects 

As ddNTPs are known to be substrates for polymerase y [Brinkman et al. 1998] and 

elevated levels of mitochondrial DNA deletions are reported in spermatozoa from HAART 

treated patients [St John et al. 2000], it is possible that the adipocyte mitochondria has a 

reduced capacity to generate ATP, resulting in a reduction in ATP dependent membrane 

transport processes. This could reduce the fatty acid uptake by the cell through ATP 

dependent protein mediated transport, although fatty acid diffusion across the cell 

membrane may still occur. In addition, a reduced ATP availability may lead to a reduction 

in cellular ATP dependent reactions such as esterification of free fatty acids to TAG. 

However, direct measures of mitochondrial respiration in lymphocytes from NRTI-treated 

patients have failed to find a defect in mitochondrial P-oxidation [Wachsman et al. 1996] 

and myopathy is not commonly reported associated with lipodystrophy. This may indicate 

site-specific differences in ddNTP inclusion into mtDNA, possibly related to cell type and 

rate of replication. 

Patients with multiple symmetrical lipomatosis (MSL) show an accumulation of 

fatty tissue within the subcutaneous regions of the neck and shoulders, accompanied by 

hypertriacylglycerolaemia and insulin-resistance. One of the main causes of MSL is 

thought to be mitochondrial dysfunction and it was the similarities between MSL and 

lipodystrophy that lead the authors to suggest that NRTFs could cause lipodystrophy via 

mitochondrial dysfunction [Brinkman et al. 1999]. 

Elevated lactate levels observed in NRTI-associated lipodystrophy [Harris et al 

1999] have also been taken to indicate mitochondrial dysfiinction as lactate is believed to 

be elevated due to a reduction in glucose oxidation. Direct measures of oxidative and 

glycolytic muscle capacity during and following exercise in lipodystrophy patients with 

elevated lactate do not support this theory and may suggest a reduced hepatic clearance of 

lactate rather than an increased muscle output [Roge et al. 2002]. An alternative 

explanation for these elevated lactate levels may be that during chronic infection, as in the 

metabolic response to injury, glucose uptake by adipose tissue is inhibited [Fellander et al. 

1996]. In the postabsorptive state, adipose tissue can take up substantial amounts of 

glucose, most of which is converted to lactate [Marin et al. 1987; Hagstrom et al. 1990]. 

An improvement in HIV status as provided by HAART may remove this inhibition and 

allow an increased lactate production and secretion by adipose tissue. 
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However, NRTI related metabolic perturbations may be specific to certain drugs as 

Pl-experienced patients with lipodystrophy show a significant improvement in plasma 

TAG, glucose and insulin-resistance when switched to the NRTI nevirapine for a mean 8 

months [Martinez a/. 1999]. 

9.1.2 Mechanisms for PI induced changes in TAG clearance 

9.1.2.1 Direct effects 

Studies in non-HEV infected volunteers have shown that Ritonavir increases plasma 

TAG levels within two weeks of therapy [Pumell et al. 2000]. In order to understand the 

mechanism by which HIV-1 protease inhibitors could cause lipodystrophy, Carr et al. 

compared an amino acid sequence from about the catalytic region of the HIV-1 protease 

enzyme to the mammalian protein and genome sequences held in Genbank, EMB ASE and 

Swiss protein libraries. A 63% homology was found with the low density lipoprotein 

receptor related protein (LRP) and a 58% homology was found with the C-terminal region 

of the cytoplasmic retinoic acid binding protein type 1 (CRABP-1). A mechanism was 

proposed whereby inhibition of CRABP-1 by PI caused a reduction in differentiation of 

peripheral adipocytes with an increase in apoptosis via a cascade involving the metabolism 

of retinoic acid to cis-9-retinoic acid, leading to a reduction in retinoic X receptor (RXR) 

stimulation. The concurrent inhibition of LRP produces impairment of the function of the 

LRP-Lipoprotein lipase (LPL) complex so that there is a reduction in the cleavage of 

circulating TAG with a reduced LRP-mediated hepatic uptake of lipoproteins. While a 

reduced clearance of lipid from circulating lipoproteins in PI treated subjects would fit 

with the stable isotope data gathered in this research, subsequent in vitro work using 

physiological concentrations of PFs has shown that, while PFs do result in a reduced 

cellular adipogenesis and increased lipolysis, this effect is not dependent on the absence of 

RXR ligand [Lenhard et al. 2000a]. 

However, subcutaneous adipocyte apoptosis has been shown in adipose tissue 

biopsy samples from HIV positive patients with Pl-associated lipodystrophy [Domingo et 

al. 1999]. Apoptosis was more prevalent in HIV patients where PI therapy had achieved a 

greater increase in CD4 and CDS T cells and a larger fall in viral load. Large cohort studies 

have failed to find a relationship between the development of lipodystrophy and the 

improvement in HIV status [Tsiodras et al. 2000]. The audit data collected also did not find 
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a relationship between hypertriglyceridaemia and viral load or CD4 count as markers of 

HIV status. 

In a study of apolipoprotein profile in lipodystrophy, an elevated Apo-CIII level 

was found which correlated with the presence of lipodystrophy [Bonnet et al 2001]. Apo-

CIII reduces the clearance of T AG-rich lipoproteins via inhibition of the Apo-CII activated 

lipoprotein lipase and prevention of Apo-E interaction with the LDL receptor or LDL 

receptor-related protein (LRP). The authors suggest that Apo-Cni is increased by the 

action of PFs on PPAR [Carr et al. 1998], however it is PPAR-a that regulates Apo-CIH 

synthesis and not PPAR-y as discussed by Carr and colleagues. 

9.1.2.2 Indirect effects 

The inactive sterol regulatory element binding protein (SREBP) is attached by 

protein binding domains to the ER. When cellular cholesterol concentration decreases, site-

1 protease (SIP) is activated which cleaves SREBP in the ER lumen, releasing the 

transcriptionally active NHa-fragments of SREBP from the membrane into the cytosol 

[Espenshade et al. 1999]. SREBP exerts its effects via stimulation of the PPARy-RXR 

transcription factor to upregulate cellular cholesterol and fatty acid synthesis and uptake 

via the increased production of proteins such as F ATP, FABP and the insulin receptor. 

Therefore SREBP action is dependent on the ability of this protein to cross the nuclear 

membrane. Supraphysiological doses of Indinavir have been shown to alter the proteolytic 

maturation of SREBP within the cytosol resulting in the aggregation of partially processed 

SREBP at the nuclear membrane [Caron et al. 2000]. The two protease enzymes involved 

in this process may present two targets for the protease inhibitor drugs in vivo, resulting in 

reduced SREBP function and ultimately reduced adipocyte fatty acid synthesis and uptake, 

insulin resistance and increased adipocyte lipolysis. Elevated circulating free fatty acids 

may stimulate insulin production, exacerbating the situation. This theory would be 

supported by the in vitro observation that physiological doses of protease inhibitors reduce 

insulin binding to adipocytes by 50% within 15days of exposure [Germinario et al. 2000]. 

However, the affinity of the viral protease inhibitors for these proteins and the 

influence of Indinavir on SREBP maturation at physiological doses are unknown. This is 

further confused by the ability of TNFa to upregulate mature SREBP in both mouse 

[Diomede et al. 2001] and human hepatocytes [Lawler et al. 1998]. However, HAART has 
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been shown to significantly reduce the production of TNFa by activated T cells within 

three weeks [Lew et al. 2001]. Studies in mice have also shown that Ritonavir increases 

fatty acid synthesis 3 to 4 fold in adipocytes and liver, and increases hepatic VLDL 

secretion 2-fold, concurrent with increases in activated sterol regulatory element binding 

protein (SREBP-1) [Riddle et al. 2001]. However, rodent data should be interpreted with 

caution, as Ritonavir has been found to produce different effects on lipid metabolism in 

rats compared to humans [Ye et al. 1998]. 

Overdosage with all-trans retinoic acid (ATRA) may cause similar changes in lipid 

metabolism to those observed with PFs. In order to investigate this, Lenhard et al. (2000b) 

exposed stem cells to FFs and high dose ATRA in vitro and found that Indinavir increased 

the effects of ATRA on lipid accumulation during fat cell differentiation. However, the 

doses of ATRA used in this study are likely to be much higher than those observed in vivo. 

In vitro work with HepG2 liver cells suggests that PFs stimulate hepatic TAG 

synthesis [Lenhard et al. 2000]. Although the PI dose administered may not have reflected 

the physiological concentrations of these drugs that hepatocytes are exposed to in vivo. 

Another in vitro study examined the influence of physiological doses of PFs on 

differentiating adipocytes and found a reduction in TAG accumulation and aP2 (a fatty 

acid binding protein) mRNA expression, suggesting a reduced differentiation [Zhang et al. 

1999]. This does not, however, provide an insight into the influence of these drugs on 

mature adipocytes. 

While much work has focused on the ability of protease inhibitors to bind to host 

proteins and alter cell function, an alternative explanation could be that the large amounts 

of redundant viral protein produced in the cytosol as a result of PI inhibition of viral 

replication alter cell function. In Huntington's disease, an abnormal Huntingtin protein 

characterised by an extended trinucleotide repeat sequence is produced. While this protein 

is tagged with ubiquitin, marking the protein for proteasomal degradation, the protein is 

not degraded [Bence et al. 2001]. Instead, the protein is hydrolysed by the enzyme caspase 

and protein fragments migrate to the nucleus [Wellington etal. 2000]. The quantity of 

these nuclear protein fragments has been associated with the degree of pathology 

indicating a link between these and the loss of cell function [Kegel et al. 2001]. It is 

possible too that the generation of surplus non-functional proteins within the cytosol in PI-
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treated HIV-infected cells could produce a similar result. Although the mechanism for this, 

as in Huntington's disease, needs further investigation*. 

9.2 Summary and conclusion 

This programme of research was undertaken to explore the processes that regulate 

lipid metabolism in HIV infection with and without the use of HAART or development of 

lipodystrophy, as the most obvious derangements of the lipodystrophy syndrome are 

reflected by changes in body fat mass and distribution, and circulating lipid concentrations. 

In HIV-positive subjects identified as having lipodystrophy, fasting plasma TAG is 

routinely between 9 and 20 mmoI/1 with values having been reported as high as 120 

mmol/1 [Morlese, 1998 personal communication]. Although the accuracy of analysis with 

these extreme values may be questionable, the risk of pancreatitis and other detrimental 

eflfects is becoming increasingly apparent. 

The aim of the research was to achieve an improved understanding of how these 

processes are normally controlled and how they may be altered in response to infection and 

treatment using stable isotope methods to measure the metabolic disposal of [1-^^C] 

palmitic acid, in order to determine the effect of infection and therapy upon; (1) the 

contribution of dietary lipid to the postprandial plasma triacylglycerol concentration, (2) 

the contribution of dietary lipid to the postprandial plasma non-esterified fatty acid 

concentration and (3) the extent to which the lipid from the meal is oxidised. In this 

respect, this work is not only of value to HIV, but also other metabolic disorders of lipid 

metabolism that may be mediated through common pathways. 

The results of the small studies conducted in this work would suggest that 

hypertriglyceridaemia is not unique to lipodystrophic or even HIV-positive males. Marked 

hypertriglyceridaemia was found in a group of healthy males selected on the basis of age, 

suggesting that factors such as age, gender, genotype and/or environmental factors 

influence this process. On this basis, elevated plasma lipids would be expected in a number 

of the HIV-positive population and probably more exaggerated due to the presence of 

infection. What clearly sets the lipodystrophy patients apart from those individuals with 

hypertriglyceridaemia is their appearance. While central obesity or the accumulation of 

lipid within adipose stores surrounding the viscera is commonly associated with elevated 

' Drug virus interactions are discussed fiirther in Appendix 5.3 for both PI and NRTI classes. 
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lipid in both the non-HIV population and patients with lipodystrophy, concurrent 

lipoatrophy is unique to lipodystrophy patients. This would suggest that the anti-retroviral 

drugs are either directly or indirectly influencing subcutaneous adipose tissue metabolism 

and it is this that results in the exaggerated metabolic perturbations. 

As discussed in the introduction, metabolism is a demand led process and this 

demand is satisfied by the availability of nutrients within a circulating pool. The 

concentration of macronutrients within this pool is maintained within defined levels at all 

times such that the rate of entry into the pool matches the rate of removal from the pool 

into the tissues. Therefore, concentration can be kept constant despite marked changes in 

flux or input. The observation that there is both a marked turnover of lipid through this 

pool with a mismatch between flow into and out of the pool indicates not only an increased 

metabolic demand for lipid, but also a loss of the coordinated control of this process. 

The multifactorial aetiology of lipodystrophy resulting from interactions between 

HIV infection and TAG clearance, energy balance and/or HAART; the effects of HAART 

on insulin sensitivity, glucose metabolism, adipocyte differentiation and enzyme/receptor 

function; or the altered hormonal and cytokine profiles has been previously suggested 

[Gharakhanian 2001]. It remains unclear whether lipodystrophy would result from a 

combination of these or the presence or absence of some factors. However, the 

investigation of the lipodystrophy syndrome is complicated by its multifactorial nature. 

Research has to take into account; the presence of HIV infection; the immune response to 

infection involving cytokines that profoundly influence the metabolism of lipids and 

glucose; the presence of associated genetic polymorphisms; the patients age, gender, ethnic 

background and body composition; the therapy type and duration; and the combinations of 

therapy used along with the patients medical history and the presence of other 

opportunistic infections. To determine the specific effects of the antiretroviral drugs on the 

metabolic parameters associated with lipodystrophy, a randomised-controlled trial is 

required of each drug independently, then in combination in HIV-negative, healthy males. 

While the study of Noor et al. (2000) has reported the effects of Indinavir in such a trial, 

few other centres are likely to receive ethical approval for such studies. An opportunity for 

this type of study exists in individuals exposed to HIV who are prescribed post-exposure 

prophylaxis with antiretrovirals. While these drugs are not given in isolation as this may 

result in reduced efficacy, there is scope to evaluate different combinations of drugs in a 

healthy population. The problem lies in recruiting these individuals at a time of emotional 

distress and the random nature of HIV exposure resulting in poorly defined and 

235 



heterogeneous study groups. In vitro cell culture systems provide a way in which the 

effects of these drugs on cellular fatty acid and glucose uptake and response to insulin may 

be investigated. However, a large proportion of the studies reporting results using this 

technique have used large drug doses that are not representative of the physiological 

concentrations commonly found in HAART treated patients. 

In conclusion, this work provides evidence that suggests protease inhibitor drugs 

contribute to hyperlipidaemia by a reduced capacity for lipoprotein hydrolysis, while 

nucleoside reverse transcriptase inhibitors contribute to hyperlipidaemia by a reduced 

efficiency of fatty acid entrapment within the periphery. While NRTI alone may result in 

the development of lipodystrophy, the combination of both NRTI and PI produces 

synergistic effects resulting in more marked metabolic perturbations. This work does not 

support the theory that reduced mitochondrial function is important in the aetiology of 

lipodystrophy. Furthermore, estimations of the prevalence of lipodystrophy based on 

fasting plasma TAG measures may underestimate the prevalence of hyperlipidaemia in up 

to 50% of cases. Further work is required to assess how this process is influenced by other 

factors and whether specific combinations may be more or less toxic to the HIV-positive 

population as a whole or to specific individuals. 
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A Chapter 10.0 Appendices 

Appendix 1.0 Patient information sheet 

STSTEMC&rSCENTRE 

369 FULHAM ROAD 

LONDON 

TEL: 0181 846 6161 

PATIENT INFORMATION SHEET 

Combination anti-retroviral therapy with protease inhibitors has significantly altered the long-term outlook in 

patients with HIV disease. Not only has it been shown to reduce the incidence of opportunistic infections but 

it also prolongs patient's hfe expectancy. 

Unfortunately, changes in body fat have emerged as a major side effect of protease inhibitors. This 

phenomenon is known as lipodystrophy, the main features of which appear to be decreased fat in the limbs 

and buttocks, facial wasting and sometimes a corresponding increase in fat around the belly. It is believed that 

protease inhibitors may disturb the way that the body produces, utilises and distributes fat, resulting in 

abnormal amounts of fat in the blood. The precise mechanism, which causes this, is still unknown. 

Lipodystrophy affects a large number of patients taking protease inhibitors and tends to occur within the first 

six to nine months of treatment. It then seems to reach equilibrium. This side effect may well result in an 

increased risk of heart disease and pancreatitis as well as being visually distressing to the patient. 

It was initially thought to occur only with Indinavir (trade name CRIXIVAN hence the term CRIXBELLY), 

however it now seems that all protease inhibitors can cause hpodystrophy. 

As protease inhibitors have significantly altered the outlook in HIV disease, it is important that patients 

continue to take these drugs. However we will need to understand more clearly why these abnormaMties of fat 

metabolism occur and monitor patients carefijlly to try and ascertain which patients will develop this problem 

and if need be, switch them to other available medications earlier rather than later. There is some evidence 

that the fat changes do reverse when the patient stops protease inhibitors. 

SmJI)Y(}[JTIJCN]3 

6 individuals with hpodystrophy will be studied once. 

6 individuals without lipodystrophy and about to commence protease inhibitor therapy will be studied once 

before starting therapy then one month later and again three months after starting therapy. 
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Appendix 2.0 Study protocol 

1. Each patient will have fasting blood drawn to measure glucose, insulin, triglycerides, cholesterol, 

and non-esterified fatty acids. 

2. Height, weight, waist and hip measurements. 

3. Skin fold measurements at four sites, biceps, triceps, subscapular and suprailiac. 

4. Resting energy expenditure (REE) will be measured to assess the metabolism of the subject. 

5. The subject will then receive a test meal that contains a labelled fat (palmitate) that is present 

naturally in the body and in foods we consume, and will remain fasted for the next 10 hours. The 

amount excreted in the faeces will be assessed by collecting the faeces for 3 days after the study -

this is a test of fat absorption. The amount oxidised or "burnt up" by the body will be assessed by 

measuring carbon dioxide in the breath over 10 hours and then at home 15 hours and again after 24 

hours. The transport and distribution of fat in the blood will be measured in serial blood samples 

taken at hourly intervals for 10 hours. 

FOLLOW UP 

For patients without hpodystrophy, at one month and three months after commencing anti-protease, the same 

protocol will be undertaken. 

USEFULNESS OF RESULTS 

This study will identify which elements of fat metabolism are altered in patients receiving protease inhibitors. 

This will help in the following; 

1. identify treatment measures more rationally 

2. identify when the derangements of fat metabolism occur 

3. identify the characteristics of those patients most likely to develop lipodystrophy 

Thank you for taking the time to read this information sheet. 

If you have any queries, please don't hesitate to contact me, via the hospital switchboard; 

Chelsea & Westminster Hospital Tel: 0181 746 8000 

Dr John Morlese Bleep 5615 
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Appendix 2.1 Study timeline 

Anthropometry X 
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Blood sample X X X X X X X X X X X 
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Appendix 3.0 Blood preparation schema 

TVXJK]; Slid WnHKZWLElEWLCDC)!) 

7ml Lithium Heparin Tube 1ml Fluoride Oxalate Tube 

Centrifuge @ 2500rpm, 4°C, 15 mins. Centrifuge @ 2500rpm, 4°C, 15 mins. 

1.5ml plasma 
glass tube + 
preservative 

0.5ml 
plasma 
small 

eppendorf 
INSULIN 

0.5ml 
plasma 
small 

eppendorf 
TAG 

0.5ml 
plasma 
large 

eppendorf 
GLUCOSE 

0.5ml 
plasma 
small 

eppendorf 
NEFA 

Keep on ice until frozen freeze immediately keep on ice until frozen 
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Appendix 4.0 Bond elut schema 

Lipid 
mixture in 
chloroform 

Chloroform/ 
Methanol 

60:40 

Methanol Chloroform/ 
methanol/acetic 

acid 100:2:2 

V V 

Chloroform 

Wash 

PC 

Precondition 
with hexane 

Discard 

Dry under N2 
and dissolve in 

hexane 

NEFA 

Hexane/ 
chloroform/ 
ethyl acetate 

100:5:5 

V V V 

Discard CE TAG 
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Appendix 5.0 Addendum following oral examination 

Appendix 5.1 How do current case definitions of lipodystrophy compare with 

the patients recruited in these studies? 

The first relatively widely adopted definition of lipodystrophy was presented at the 

European Symposium on Lipodystrophy and HIV infection in Marrakech (2000) and was 

referred to as the Marrakech classification of Lipodystrophy. This classification was based 

on subjective measures for the most part whereby both the patient and physician had to 

agree on the lipodystrophy classification i.e. lipoatrophy alone, lipohypertrophy alone, 

mixed morphology or metabolic changes alone. Only the metabolic changes employed 

objective measures. Prior to this, most studies employed the subjective measure alone of 

patient and physician agreement on either the presence or severity of lipodystrophy. The 

patients recruited for the work reported in this thesis were approached between 1998 and 

2000, prior to the availability of the Marrakech classification. 

Since this initial classification system, there have been several reported case 

definitions of the lipodystrophy syndrome. Carr, on behalf of the HIV Lipodystrophy Case 

Definition Study Group, presented a definition at the 9*̂  Conference on Retroviruses and 

Opportunistic Infections (2002). Over one thousand patients were recruited to this study 

from sites in the United States, Europe and Australasia. From these patients, those with 

lipodystrophy were identified again by subjective assessment of both patient and physician 

with the severity of lipoatrophy defined as moderate (readily noticeable by patient or 

physician) or severe (readily noticeable by a casual observer;. Controls were also identified 

within this group, i.e. those with no patient or physician observed lipodystrophy. Where 

lipohypertrophy was present alone or where the patient and physician could not agree, 

these patients were non-assigned. The cases and controls then underwent assessment of 

demographics, antiretroviral and metabolic drug history, HIV disease, body composition 

and metabolic status. A model which included low trunk;peripheral fat ratio (DEXA), 

report of abdominal bloating, low leg fat % (DEXA), lower alcohol consumption, higher 

waist:hip ratio, higher total:HDL cholesterol ratio, higher anion gap, report of increased 

bleeding tendency, higher VAT:SAT ratio (CT), and greater age had a sensitivity of 84.4% 

and specificity of 81.4%. This would suggest that even with the use of expensive and 

complicated analytical tools such as CT and DEXA, this model fails to correlate with the 

subjective identification of lipodystrophy in 20% of patients. 
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A further report from Grunfeld at the XIV International AIDS Conference (2002) 

would suggest that in a US population, increased visceral adiposity is more prevalent in a 

non-HIV population than in an HIV-lipodystrophy group, suggesting that abdominal fat 

accumulation may not be part of the lipodystrophy syndrome as once thought. Therefore, 

there appears to be some difficulty in obtaining a case definition for HIV-lipodystrophy. It 

is possible that as previously discussed this syndrome is multifactorial in aetiology and that 

the presence or absence of some of these factors may result in a different presentation 

within a spectrum of symptoms associated with the lipodystrophy syndrome. If this were 

the case and, for example, PI drugs produced one set of symptoms, NRTI produced a 

distinctly different set of symptoms, and the combination of the two resulted in a mixed 

presentation of these, then it would be apparent that a single case definition would be 

extremely difficult to define. 

When recruiting patients for the studies reported in this thesis, there was and still 

remains no case definition that can be applied to the patient population in order to easily 

identify those with lipodystrophy. At the time, DEXA and CT scans were not available due 

to a lack of funding. However, in order to avoid employing subjective measures alone to 

identify patients with lipodystrophy, fasting plasma triglyceride was measured in all 

patients prior to entry into the study. Previously, Christeff et al (1999) had shown a 

correlation between those patients identified with lipodystrophy by subjective clinical score 

and elevated plasma triglyceride. 

In order to avoid misclassification of lipodystrophy patients, only those patients 

with markedly elevated plasma triglyceride were included in the study. While it could be 

argued that these patients may not represent the lipodystrophy population as a whole, the 

use of patients with severe metabolic perturbation in addition to the normal subjective 

clinical assessment of lipodystrophy phenotype was the most accurate method of 

lipodystrophy diagnosis available at the time of recruitment. 
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Appendix 5.2 How does the HIV virus enter the host cell and replicate? 

rmmm 
% 

ANA 

Human 

The above diagram shows the structure o f H IV . The gpl20 and gp41 Env proteins 

aid viral entry into the host cell, whi le the p 17 and p24 Gag proteins are structural 

components of the virion. The virus has a 9000 bp genome (shown below) that may 

incorporate mutations each time it replicates due to a lack o f proofreading capacity. 

Retrovirus genome: 

GAG POL ENV 
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Core 
proteins 

Reverse 
transcriptase 

Glycoprotein 
viral envelope 

* initial short repeats - expanded in D N A copy to form long tandem repeats (LTR), non-

coding regions containing enhancer and promoter regions that facilitate expression o f the 

viral genome by host machinery. 
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The protein that is responsible for viral entry into the host cell is the Env protein. 

This protein is a trimer consisting o f 3 gp l20 subunits that are attached to 3 gp41 subunits. 

Whi le it appears that the host CD4 receptor and an appropriate coreceptor are prerequisites 

for viral entry into the cell, the virus attachment to the cell can be independent o f these. 

H IV -1 can bind efficiently to dendritic cells via the surface protein DC-SIGN [Geijtenbeek 

et al. 2000]. Once bound the virus can either infect that cell more efficiently or be 

presented to an adjoining cell that expresses CD4 and a coreceptor, such as a T cell. 

Therefore, dendritic cells through the normal antigen presenting process can result in more 

efficient infection o f circulating T cells. 

Once attached to the cell surface, the gp l20 subunit o f Env binds to the host CD4 

receptor [Kwong et al. 1998]. This process results in structural changes in gp l20 whereby 

variable regions or V-loops on gp l20 are repositioned to expose a highly conserved area o f 

this protein, termed the bridging sheet [Rizzuto etal. 1998]. These bridging sheets bind to 

the host coreceptors CCR5 or CXCR4 and H I V - 1 strains are designated as R5 (those that 

bind CCR5), X4 (those that bind CXCR4) or R5X4 (those that bind both) [Berger et al. 

1998]. While R5 viruses appear to be associated wi th newly infected patients, X4 viruses 

may take longer to emerge but their presence is associated wi th accelerated disease 

progression [Connor a/. 1997]. 

Once receptor and coreceptor binding has occurred, the Env protein causes 

membrane fusion o f the virus and host cell similar to that observed wi th both the Influenza 

and Ebola viruses. Binding triggers a formational change in gp41 to expose a fusion 

peptide, a hydrophobic stretch o f amino acids that inserts into the cellular membrane 

[Doms & Moore 2000]. A t this point, gp41 is an integral component o f both viral and host 

membranes and a further conformational change in this protein brings the host and viral 

membrane into close proximity [Chan et al 1997; Weissenhom et al 1997]. This protein 

structural transition is thought to generate free energy, which is sufficient to generate l ip id 

mixing and membrane fusion [Mel ikyan et al. 2000]. 

Once inside the cell, the particle is uncoated down to viral core consisting o f a 

protein shell composed o f viral capsid protein (p24) surrounding an internal 

ribonucleoprotein complex i.e. viral R N A and associated proteins such as reverse 

transcriptase, integrase and proteins associated wi th the core particle. While the mechanism 

for the disassembly o f this core is unknown, it appears that a stable core structure is crucial 

for viral replication [Forshey et al. 2002]. However, disassembly of the core must occur in 

such a way that the genetic information and associated enzymes remain intact and these 
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components are directed to the appropriate cellular compartment. For retroviruses this is 

the nucleus. Entry into the nucleus is dependent on the presence o f nuclear localisation 

signals (NLS), which allow subviral particles to cross the nuclear pore. Within the viral 

core or viral preintegration complex (PIC), several proteins contain this NLS sequence, 

including the viral integrase, Vpr and matrix proteins [Kawano & Koyanagi, 2002; 

Sherman et al. 2002]. In addition, nuclear import o f the PIC is enhanced by a cDNA 

intermediate o f reverse transcription known as the "central D N A flap", although the 

mechanism for this interaction is unknown. 

In order to incorporate the viral genetic material into the host genome, the viral 

single stranded R N A must then be transcribed by the viral reverse transcriptase enzyme to 

form a double stranded D N A intermediate. This dsDNA intermediate is longer than the 

viral genome length and is often referred to as the provirus. A host transfer R N A (tRNA) 

primer begins synthesis by binding to the viral genome at a 3 long terminal repeat (LTR) 

and partially unfolding to base pair w i th a complimentary segment o f the viral R N A [Misra 

& Knox 1998; Doublie et al. 1998]. Reverse transcriptase then uses this primer to form a 

complimentary strand o f DNA , forming a D N A - R N A hybrid. Next the viral ribonuclease H 

(RNAase H, a subunit o f the viral reverse transcriptase enzyme) digests the original R N A 

strand, leaving only a few purines to act as a primer for the second D N A strand. Once 

synthesis is complete, RNAase H removes the original t R N A primer [Misra & Knox 1998]. 

The reverse transcriptase enzyme consists o f a "fingers" and a "palm" domain and upon 

binding free nucleotides the fingers close down on the palm, trapping the template strand 

and nucleotide. When these finger domains open again, the pyrophosphate molecule 

generated when the nucleotide is added to the template is released and the fingers can take 

up the next nucleotide [Huang et al. 1998]. Reverse transcriptase can incorporate twenty 

nucleotides per second and each nucleotide is added by a reaction between the 3' hydroxyl 

group o f the growing D N A strand and the alpha-phosphate group o f the nucleotide 

[Doublie et al. 1998]. As the H I V I reverse transcriptase is both tolerant o f non-standard 

base pairs and has no exonuclease or "proofreading" capacity, there is a high rate o f 

mutation within the viral genome per replication cycle. The viral protein V i f has also been 

shown to be important in this reverse transcription process, although the role o f V i f in the 

process remains unknown [Goncalves et al. 2002]. 

Once generated, the dsDNA provirus must integrate into the host genome. This 

process involves D N A circularisation, modulated by the host DNA-binding component K u 

[Jeanson et al. 2002]. Integration o f the viral D N A into the host chromosome is catalysed 
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by the M g dependent viral integrase through 3' end processing of the viral D N A and strand 

transfer [Grobler et al. 2002]. Recent evidence suggests that the provirus integrates into the 

host genome preferentially in active gene sites, particularly those genes that are activated as 

a result o f H IV -1 infection o f the cell [Schroder et al. 2002]. Replication o f the viral D N A 

is switched on by the viral Tat protein, which binds the positive transcription elongation 

factor complex b (P-TEFb) in the H IV-1 promoter region, P-TEFb then binds nascent H IV -

1 trans-activation response region (TAR) RNA, creating a stable ribonucleoprotein 

complex. This process activates elongation o f R N A polymerase I I transcription at the H IV -

1 promoter [Richter et al. 2002].Viral Tat protein is regulated by the host protein Tip 110 

[Liu et al. 2002]. 

The resulting viral mRNA that is produced is exported from the nucleus bound to 

the viral R N A binding protein Rev [Heguy 1997]. From the R N A transcript, the viral 

protease and the Gag, Pol and Env polyproteins are translated. The viral protease is an 

aspartyl endopeptidase that catalyses the cleavage o f the gag and gag-pol poly or precursor 

proteins at Tyr-Pro or Phe-Pro sequences [Tomasselli & Heinrikson 2000]. The Env 

polyprotein is cleaved by a cellular protease. Protease action produces mature viral proteins 

that can be incorporated into the newly assembled virus particles (virions) for release from 

the cell either by lysis o f the cell or budding from the cell membrane. 
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Append ix 5.3 How do the ant i ret rov i ra l drugs interact w i th M l V replication 

and how could toxici ty result? 

As discussed in the literature review (Chapter 2), the two main classes o f drugs used 

as antiretroviral therapy are reverse transcriptase inhibitors (RTI) and protease inhibitors 

(PI). The sites o f action o f these compounds are also discussed in Chapter 2. O f the R T I 

drugs there are two types, nucleoside (NRTI) and non-nucleoside (NNRTI). NRTFs consist 

o f deoxynucleoside triphosphate analogues o f natural nucleotides e.g. thymidine, 

guanosine, cytosine and adenosine, but without the 3' hydroxyl group necessary for D N A 

chain elongation. A n example o f this is A Z T (3'azido-2',3'-dideoxythymidine) which has 

an azido group (N3) instead o f an hydroxyl group. Incorporation o fNRTFs into the nascent 

viral D N A by viral reverse transcriptase terminates chain elongation to prevent the 

formation o f provirus intermediate. While in vitro work has suggested that these N R T I 

analogues can be incorporated by viral reverse transcriptase wi th high efficiency relative to 

the natural substrates [Ray et al. 2002], several mutations have been identified that lead to 

viral resistance to these analogues [Coff in et al. 1997; Sluis-Cremer et al. 2000]. These 

mutations in reverse transcriptase are thought to alter the enzyme discrimination between 

NRTI 's and the natural substrates, alter the enzyme primer/template interactions or enhance 

removal o f the chain-terminating residue from the nucleoside analogue. 

Non-nucleoside reverse transcriptase inhibitors (NNRTI) bind allosterically, 

altering the structure, and hence then function o f reverse transcriptase. A l l NNRTFs bind in 

a hydrophobic pocket near the polymerase active site causing a conformational change that 

effectively locks the polymerase active site in an inactive conformation [Esnouf et al. 

1995]. Similar to the NRTFs, mutations in the reverse transcriptase enzyme may also 

confer resistance to this drug class. However, N N R T I use may also result in mutations that 

modulate an AZT-resistant strain to become A Z T sensitive [Misra & Knox 1998]. 

Protease inhibitors target the viral protease enzyme and act a reversible and 

selective inhibitor by binding in the protease active site. Pi 's such as Saquinavir are 

reported to have a 50,000-fold lower affinity for human proteases than the viral protease. 

However, there are several host cell aspartate proteases such as Cathepsins D and E. These 

are lysosomal proteases that are believed to play a role in macrophage function and it is 

possible that H I V protease inhibitors may inhibit these host proteases exacerbating 

immunosuppression in AIDS. However, in vi tro work using physiological concentrations 

o f PFs does not support this hypothesis [Bugelski et al. 1992]. To date, no fiarther studies 
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have shown PI inhibition o f other host aspartate proteases. However, Carr et al. (1998) 

have reported the viral protease enzyme active site shares a degree o f homology w i th both 

the lipoprotein receptor related protein (LRP) and the cis retinoic acid binding protein 

(CRABP) suggesting that PFs may interact wi th these proteins. This theory is discussed 

within the general discussion (Chapter 9). 

The NRTFs are known to be substrates for polymerase gamma (Pol y) and can be 

incorporated into mitochondrial D N A during replication. The efficiency wi th which these 

analogues are incorporated both by the viral reverse transcriptase and the mitochondrial Pol 

y enzyme in comparison to their natural nucleoside counterparts appears to be related to 

stereochemical selectivity resulting in differential toxicity between compounds [Anderson 

2002]. Yamaguchi et al. (2002) have shown the incorporation o f A Z T into mitochondrial 

D N A resulting in reduced ATP generation and oxidative stress. However, as wi th many o f 

the reported in vitro studies, a supraphysiological concentration o f dmg was used 

(approximately 2500 times higher than that observed in vivo). While the viral reverse 

transcriptase and Pol y do appear to incorporate nucleoside analogues, the host nuclear 

polymerases (a and P) are able to differentiate between the analogues and their natural 

counterparts, showing a high specificity for the naturally occurring nucleosides 

[Yamaguchi et al. 1994], even when N R T I are provided at 150 times the normal in vivo 

concentration [Huang et al. 1990]. This would suggest that while NRTFs may result in 

cellular toxicity through incorporation into mitochondrial DNA , toxicity may not be a 

result also o f incorporation into host nuclear DNA. 

249 



Appendix 5.4 Does this w o r k support or refute the mitochondr ia l toxici ty hypothesis 

as suggested by Br inkman et al. (1999)? 

The mitochondrial or Pol y hypothesis for N R T I toxicity was first reported by 

Brinkman et al. (1998). This paper presented evidence showing clearly that N R T I 

incorporation into mitochondrial D N A was possible and this in turn could result in 

mitochondrial mutations. Mitochondrial toxicity was observed in a trial o f Fialuridine, a 

nucleoside analogue used to treat Hepatitis B, where a reduction in mitochondrial D N A 

was observed wi th the highest impact being in the most metabolically active tissues 

(muscle > liver > kidney > heart) [Lewis et al. 1997]. In the Brinkman paper, further 

evidence was cited for the toxic influence o f H I V NRTFs on mitochondria in myocytes, 

neurones, pancreatic tissue, bone marrow and hepatocytes and these toxic events linked to 

the side effects reported wi th N R T I use such as myopathy, pancreatitis, liver failure and 

lactic acidosis. This relationship between mitochondrial D N A reduction and symptoms o f 

nucleoside analogue associated toxicity is further supported by the high incidence o f 

adverse events, similar to those described in H I V N R T I toxicity, in the Fialuridine trial, 

resulting in the trial terminating at 13 weeks. 

In a subsequent paper, Brinkman et al. (1999) described how this mitochondrial 

toxicity theory could be applied to explain the lipoatrophy observed in HIV-lipodystrophy. 

This subsequent theory was based on the similarities between lipodystrophy and multiple 

symmetrical lipomatosis (MSL) and the suggested l ink between M S L and mitochondrial 

toxicity. However, since the publication o f this article, it has been shown that M S L does 

not appear to be associated wi th mitochondrial cytopathy, either in the form o f 

mitochondrial morphological alterations, the mitochondrial D N A content or the 

biochemistry o f the mitochondrial respiratory chain [Munoz-Femandez et al. 2001]. The 

authors conclude that M S L may occur as a result o f disordered l ipid metabolism. Given this 

finding, the underlying basis for the N R T I mitochondrial toxicity theory for lipoatrophy 

should be questioned. In addition to this, it is unclear why mitochondrial toxicity would 

result in apoptosis only in subcutaneous adipocytes given that the major mitochondrial 

toxic effects would be expected in muscle, but muscle wasting is not reported commonly as 

a symptom o f HIV-lipodystrophy. In the work reported in this thesis, there were no 

significant differences in lean body mass between either the N R T I treated or untreated H I V 

positive subjects. 
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In the general discussion, I have made the statement; "this work does not support 

the theory that reduced mitochondrial function is important in the aetiology o f 

lipodystrophy". This statement is based both on the findings for lean body mass stated 

above, but also on the finding that the oxidation o f labelled fatty acid was not significantly 

different between HIV-posit ive subjects treated wi th NRTFs, HIV-positive subjects not 

treated wi th NRTFs and HIV-negative healthy controls, despite the presence o f marked 

lipoatrophy in the NRTI-l ipodystrophy and PI/NRTI-lipodystrophy groups. The statement 

therefore, is based on the assumption that the recovery o f label on breath is an indirect 

measure o f mitochondrial function. The largest contribution to this oxidation o f substrate 

would be expected to be fi-om those tissues that are both most metabolically active and 

relatively quantitatively important, such as muscle and liver, the two tissues reported to be 

most susceptible to mitochondrial D N A depletion wi th the use o f nucleoside analogues. 

The use o f the recovery o f a labelled substrate to indicate altered mitochondrial 

function is not unique and several investigators have validated this technique using ^Re-

labelled ketoisocaproate to measure hepatic mitochondrial function [Michaletz et al. 1989; 

Lauterburg et al. 1995]. Recovery o f the label on breath relies o f the oxidative 

decarboxylation and dehydrogenation o f the compound by mitochondria in a process 

similar to that o f fatty acid oxidation. 

Therefore, based on the assumption that the recovery o f label reflects the 

mitochondrial oxidation o f labelled substrate in the tissues most likely to obtain reduced 

mitochondrial function as a result o f the N R T I mitochondrial toxicity, it appears that this 

work does not support a theory proposing reduced mitochondrial function in lipodystrophy 

aetiology. However, it is l ikely that N R T I can alter mitochondrial D N A content and the 

degree o f D N A mutation in specific tissues, resulting in N R T I toxicity symptoms such as 

myopathy in some patients. What remains unclear is how this relates to the aetiology of 

lipodystrophy and there appear to be some key outstanding questions in this area. For 

example, i f NRTI 's can cause mitochondrial mutations in muscle, liver, heart, pancreas and 

nerves, then why does apoptosis appear to be isolated to subcutaneous adipocytes? Are 

lipoatrophy and "classical" N R T I toxicity symptoms such as myopathy and lactic acidosis 

related? In chronic mitochondrial disease such as M E L AS (mitochondrial 

encephalomyopathy, lactic acidosis and stroke) progressive worsening o f symptoms is 

observed. Given the estimate that 80% of mitochondrial D N A must be mutated to result in 

a loss o f function, how and why do patients wi th lipodystrophy have improved symptoms 

on stopping HAART? Are there other direct or indirect interactions between N R T I and 
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mitochondria that do not involve the inclusion o f ddNTP by Pol y i.e. NRT I interactions 

wi th the mitochondrial membrane [Hobbs et al. 1995; Barile et al. 1998; Masini et al. 

1999], increases in reactive oxygen species [Nulton-Persson & Szweda 2001] or alterations 

in fatty acid [Sreekumar et al. 2002] or phospholipid concentration [Seidman et al. 2002]? 

This thesis was not designed to address these questions. In addition, no comment 

can be made as to the extent o f mitochondrial D N A mutations or deletions in specific 

tissues o f the patients studied, as this was not assessed. However, it does appear that at a 

whole body level, substrate oxidation by mitochondria is not impaired. 
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Appendix 5.5 Do alterations in androgen levels play a role in the aetiology of 

l ipodystrophy? 

Reduced free testosterone levels have been observed in HIV-posit ive females and 

males wi th AIDS wasting syndrome (AWS) and correlated wi th reduced muscle mass 

[Grinspoon et al. 1997, 1996]. The authors suggest this relationship may be mediated by 

both androgen deficiency and growth hormone (GH) resistance, as G H was found to be 

elevated, while IGF-1 was reduced in males wi th AWS. Hypoandrogenaemia in AWS was 

thought to be primarily due to the secondary effects o f severe illness, possibly mediated 

through cytokines [Grinspoon et al. 1994]. 

Wi th the increasing prevalence o f H A A R T use, the incidence o f AWS has reduced. 

However, it is unclear i f these previously reported alterations in androgen levels play a role 

in the aetiology o f the HAART-associated lipodystrophy syndrome. Norbiato et al. (2000) 

have reported a fat redistribution syndrome in H A A R T treated women, characterised by a 

progressive enlargement o f breast and abdominal girth wi th fat loss in the lower limbs 

associated wi th reduced production o f TNF-alpha, IL-10 and increased IL-12. While this 

may suggest that these alterations could be a result o f changes in androgen levels mediated 

by cytokine production, no differences in hormonal status were reported between this group 

and a H A A R T treated group without fat redistribution. 

In contrast to the studies o f AWS in the pre-HAART era, Hadigan et al. (2000b) 

have reported an increase in free testosterone levels in females wi th lipodystrophy in 

comparison to both non-lipodystrophic HIV-posit ive females and healthy controls. The 

lipodystrophy group also showed reduced sex hormone binding globulin levels and an 

increased LH:FSH ratio. While it appears that hyperandrogenaemia may be a further 

feature o f the HIV-lipodystrophy syndrome in women, the role o f elevated androgen levels 

concurrent wi th changes in cytokine production, in the aetiology o f lipodystrophy require 

further investigation. 
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