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GeneralGeneral introduction 

11 General in t roduct io n to curren t t reatment of HIV- 1 infect ion 

Forr the treatment of HIV-1-infected patients three classes of 

antiretrovirall  drugs are widely available in the developed world. These 

consistt of the nucleoside reverse transcriptase inhibitors (NRTIs), the 

non-- nucleoside reverse transcriptase inhibitors (NNRTIs) and the 

proteasee inhibitors (Pis). In general, patients are being treated with 

combinationss of three or more drugs from at least two of these classes. 

Al ll  licensed antiretroviral drugs are summarised in table 1. The 

mechanismm by which replication of HIV-1 is inhibited by each of these 

threee classes of antiretrovirals is summarised in the next paragraph. 

Subsequently,, the current standard of care for the treatment of HIV-1-

infectedd patients wil l be briefly discussed. 

1.11 The different ant i retrovira l dru g c lasses 

Currentlyy there are 7 licensed NRTIs. Al l of these have to be 

phosphorylatedd intracellularly into their respective active 

triphosphates.. Because HIV-1 is a single-stranded RNA-virus reverse 

transcriptionn of its RNA to double-stranded DNA by the virus-encoded 

reversee transcriptase has to take place prior to integration into the host 

celll  DNA. The NRTI-triphosphates inhibit reverse transcription by 

beingg incorporated into the growing proviral DNA chain, thereby 

resultingg in premature chain termination. [1-3] 

Likewisee the NNRTIs inhibit reverse transcription. However, unlike the 

NRTIs,, NNRTIs do not need to be activated into an active moiety, but 

directlyy bind to the reverse transcriptase enzyme, thereby inhibiting its 

action. . 

Thee eight currently available Pis act by the inhibition of the HIV-1 

specificc protease enzyme. This viral enzyme is responsible for the post-

translationall  processing of the gag-pol polyprotein that is crucial to 

alloww the formation of infectious viral particles. 

9 9 



ChapterChapter 1 

Thiss inhibition results in the formation of immature non-infectious 

particles,, which are not able to enter and infect still uninfected host 

cells. . 

Tabl ee 1 Antiretroviral drugs currently licensed in Europe. 

Nucleosid ee revers e 
transcriptas e e 

inhibitor s s 
(NRTIs) ) 

zidovudine e 
(AZT,, Retrovir1"1) 

lamivudine e 
(3TC,, Epivirtm) 

didanosine e 
(ddl,Vidextm) ) 

zalcitabine e 
(ddC,, Hividtm) 

abacavir r 
(Ziagenn ) 

stavudine e 
(d4T,, Zerit,m) 

tenofovir r 
(Vireadtfn) ) 

Non-- nucleosid e 
revers ee transcriptas e 
inhibitor ss (NNRTIs) 

nevirapine e 
(Viramunetm) ) 

efavirenz z 
(Stocrintm) ) 

Proteas ee inhibitor s 
(Pis) ) 

indinavir r 
(Crixivantm) ) 

ritonavir r 
(Norvirtm) ) 
saquinavir r 
OO tm m 

nvirase e 
/Fortovasetm) ) 
amprenavir r 

(Agenerasetm) ) 
nelfinavir r 

(Viracepttm) ) 
ritonavir-boosted d 

lopinavir r 
(Kaletratm) ) 

Recentlyy enfuvirtide (T-20, Fuzeon*"1) from a new class of antiretroviral drugs, 'the fusion inhibitors' 
wass registered in the United States for the treatment of HIV-1 infection in treatment-experienced 
patientss with evidence of HIV-1 replication despite ongoing antiretroviral therapy 

1.22 Curren t t rea tment of HIV-1-infected pat ients 

Priorr to 1996 HIV- 1 infected patients were generally treated with one or 

twoo NRTIs. In the great majority of patients such treatment, however, 

wass insufficiently potent to provide sustained suppression of virus 

replication,, result ing in the emergence of resistant viral strains, 

followedd by progressive cellular immune-deficiency and ultimately 

clinicall  disease progression and death. [4] To avoid the emergence of 

drugg resistance, current treatment strategies include the use of more 

potentt combinations of three or more drugs, commonly known as highly 

10 0 



GeneralGeneral introduction 

activee antiretroviral therapy (HAART). In most cases two NRTIs are 

beingg combined with either a PI, a NNRTI or a third NRTI. Since the 

introductionn of such potent combination antiretroviral therapy the 

morbidityy and mortality of people living with HIV has declined 

dramaticallyy in developed countries. [5,6] 

22 The l ipodystrophy syndrome 

Thee use of combination antiretroviral therapy is frequently associated 

withh side effects. One of these side effects is the lipodystrophy 

syndrome.. [7-9] This syndrome consists of a redistribution of body fat. 

Typically,, after the initiation of combination antiretroviral therapy, 

patientss may complain of loss of fat from the face, buttocks and 

extremitiess (lipoatrophy). The latter is often first recognised by patients 

ass superficial veins on the arms and legs becoming more prominently 

visible,, as a result of subcutaneous fat loss. Lipoatrophy is often 

accompaniedd with an accumulation of visceral fat in the abdomen or 

lesss frequently an increase in the amount of fat in the neck (buffalo 

hump)) or in the breasts. (Figure 1) In addition to these changes in fat 

distribution,, a large proportion of patients develops insulin resistance 

andd elevated plasma lipid concentrations. This combination of 

hyperlipidemia,, insulin resistance and visceral fat accumulation closely 

resembless the abnormalities seen in 'the Metabolic Syndrome' [10] and 

hass given rise to the concern that HIV-1 infected patients treated with 

potentt combination antiretroviral therapy may be at increased risk of 

developingg premature coronary artery disease. [11-15] 

11 1 



ChapterChapter 1 

Figur ee 1 Patient with HIV-1-associated lipodystrophy syndrome 

Picturess published after written informed consent and review of the pictures by the patient 

2.11 Fat redis t r ibut io n 

Byy the end of 1997, the first patients were described with this abnormal 

fatt distribution, resembling that seen in multiple symmetrical 

l ipomatosiss (Madelung's or Launois-Bensaude syndrome) [16]. Although 

thesee abnormalit ies also resembled the abnormalities seen in Cushing 

syndrome,, dexamethason suppression test and Cortisol concentrations 

weree normal, making Cushing syndrome an unlikely 

explanation.. [9,17,18] Considering the fact that these abnormalities 

weree not recognised prior to 1996, they were understandably initiall y 

at tr ibutedd solely to the introduction of the Pis, which first became 

widelyy available in 1996. The increase in girth size was even designated 

"Crix-belly",, named after Crixivantm (indinavir), one of the first Pis to 
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bee licensed. Several case-control studies were published, which all 

confirmedd an association between the lipodystrophy syndrome and the 

usee of HIV-1 Pis. [7,19] This did however not explain why some patients 

developedd lipodystrophy without ever having been exposed to Pis but 

solelyy to NRTIs. [20] 

Theree is considerable evidence from several cohort studies that 

exposuree to both PI- and NRTI-based therapy seems independently 

relatedd to the development of the changes in fat distribution. [7,20,21] 

Thee pathogenic mechanisms by which each of these two classes of 

antiretroviralss contribute to the development of lipodystrophy remains 

too be fully elucidated. Other known risk factors for lipodystrophy are 

increasedd age, longer duration of HIV-1-infection, more advanced 

infectionn and greater degree of virus suppression. The latter may in 

factt be the result of better adherence resulting in more exposure to 

antiretrovirall  drugs. 

Thee objective of chapter 2 is to explore the contribution to the 

developmentt of lipodystrophy of t reatment with Pis alone, compared to 

thee combination of Pis with an NRTI. In this chapter lipodystrophy was 

assessedd in patients who as part of a clinical trial had been randomly 

allocatedd to treatment with the Pis ritonavir and saquinavir with or 

withoutt the addition of the NRTI stavudine. 

2.22 Hyper l ip idemi a 

Inn the natural course of HIV-1 infection minor changes in the plasma 

lipoproteinn profile have been observed. Early after infection with HIV-1 

HDL-cholesteroll  slightly decreases. [22] This decrease is followed by a 

decreasee in the size of LDL particles leading to a rise in more 

artherogenicc small dense LDL particles (LDL type B).[23] Late in the 

infectionn once patients develop symptomatic HIV-1 disease triglyceride 

concentrationss may rise. [24] 
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ChapterChapter 1 

Followingg the introduction of Pi-containing antiretroviral t reatment 

numerouss studies demonstrated that patients developed potentially 

moree profound atherogenic changes in their lipoprotein profile, 

comprisedd of markedly elevated triglycerides, total cholesterol and LDL-

cholesterol.. This raised the concern of HIV-1 infected patients being at 

long-termm increased risk of developing coronary artery 

disease.. [12,14,15,25] This concern is supported by evidence from several 

cross-sectionall  studies comparing untreated HIV-1-infected patients 

wit hh patients treated with protease inhibitors that suggest that 

proteasee inhibitor based therapy is associated with a decrease in 

endotheliall  function and an increase in carotid intima media thickness. 

[11,26-28]]  Moreover, in healthy volunteers two weeks of t reatment with 

thee PI ritonavir was shown to result in elevations of triglycerides, 

apolipoproteinn B and VLDL-cholesterol. [29] This observation strongly 

suggestss that Pis directly contribute to the potentially deleterious 

effectss on lipids. The most pronounced changes are seen with ritonavir -

basedd regimens, but all currently licensed Pis to some extent result in 

hyperlipidemia. . 

I nn chapter 3 we explore the effects of t reatment with Pi-based therapy 

onn the lipoprotein profile and compare these effects of t reatment with 

eitherr a NNRTI or a NRTI-based regimen. In Chapter 4 these results 

aree put into perspective with respects to their potential implications for 

thee optimal management of HIV-1 infected patients. 

2.33 I n s u l in r e s i s t a n ce 

Inn addition to the very stigmatising changes in body fat distribution and 

thee induction of hyperlipidemia the use of Pis is also associated with 

markedd disturbances in glucose metabolism. In contrast, in the natural 

coursee of HIV- 1 infection no changes in glucose metabolism were 

observed,, and if anything insulin sensitivity was demonstrated to be 

slightlyy increased. [30] Following the introduction of the Pis this picture 

hass dramatically changed. Approximately 30 to 40% of patients treated 
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withh protease-inhibitor containing therapy develop impaired glucose 

tolerance.. [31] Several studies have demonstrated this to be the result of 

insulinn resistance in HIV-1 infected patients suffering from the 

lipodystrophyy syndrome. [7,8] Insulin resistance is frequently described 

onlyy in terms of impairment of the effects of insulin on the uptake of 

glucosee in peripheral tissues. I t is important to note however that 

insulinn influences several additional metabolic pathways. In addition to 

thee fact that insulin increases the peripheral uptake of glucose, i t 

decreasess endogenous glucose production, which occurs mainly in the 

liverr and kidney, and it decreases the rate of lipolysis and protein 

breakdown. . 

Thiss raises the question which of these aspects of glucose metabolism 

aree disturbed in the lipodystrophy syndrome. In chapter 5 we assess the 

differentt effects of insulin in patients with severe lipodystrophy while 

usingg Pi-based therapy. 

2.44 Dis turbances in l ipolysi s and energy expendi ture 

I nn HIV-1 -infection, like in several other chronic diseases resting energy 

expenditure,, is increased by approximately 10% when compared to 

healthyy controls, as was demonstrated by M. Hommes in her academic 

thesis.[32,33]]  This increase in energy expenditure does not result from 

ann increase in plasma catecholamines, thyroid hormones or Cortisol 

concentrationss [33] and seems to occur regardless of the stage of HIV-1 

infection.. [34] In addition, our group has previously shown that in the 

naturall  course of an HIV-1-infection the increase in basal metabolic rate 

iss accompanied by an increase in lipolysis, with a normal lipolyti c 

responsee to an infusion of epinephrine.[35] The cause for this increase 

inn basal metabolism and lipolysis is yet unresolved, although increased 

cytokinee production, especially of tumor necrosis factor-a (TNF), might 

bee involved in the pathogenesis. For instance, in untreated HIV-1-

infectedd patients the plasma concentrations of soluble TNF receptor 

(sTNF)) are increased, suggestive of an increased cytokine production, 
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whenn compared to healthy controls. [36] However, this increase in sTNF 

doess not correlate with the extent of elevation in resting energy 

expenditure.. [34] 

Sincee lipoatrophy by definition may only result from an increased 

releasee of fat from the affected peripheral adipocytes, it seems likely 

thatt lipolysis plays a role in the development of these changes. A 

potentiall  explanation for this increase in lipolysis might be an increase 

inn the basal energy expenditure, which is likely to result in an increase 

inn substrates for fat oxidation. In chapter 6 we explore the effect HIV-

associatedd lipodystrophy has on lipolysis and energy expenditure. 

Furthermoree we assess the lipolyti c response to an epinephrine infusion 

inn pat ients suffering from this condition. Another explanation for 

l ipoatrophyy may be decreased uptake of fatty acids into adipose tissue, 

whichh was not addressed in this thesis. 

2.55 Potent ial pa thogenes is of th e syndrome 

Afterr the association between lipodystrophy syndrome and the use of 

Piss was first described, a hypothesis was proposed which postulated 

thatt Pis might disturb two proteins which regulate lipi d metabolism. 

Thiss was based on a 60% homology between the HIV-1 protease 

encodingg gene and the host genes encoding two enzymes crucial in lipid 

metabolismm (cytoplasmic retinoic-acid binding protein type 1 and low 

densityy lipoprotein-receptor-related protein). [37] This hypothesis 

assumedd an accumulation of plasma lipids as a result of impaired 

functionn of these two enzymes, eventually resulting in visceral fat 

accumulation.. Although protease inhibitors have subsequently been 

demonstratedd to inhibit adipocyte differentiation in vitro, no other 

evidencee supportive for this hypothesis has been presented. [38] More 

importantly,, this hypothesis failed to explain the subsequent finding 

thatt some pat ients develop lipodystrophy without ever having been 

exposedd to Pis but solely to NRTIs. [20] 

16 6 
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I nn 1999 an alternative hypothesis for the development of lipodystrophy 

wass proposed in which the loss of peripheral fat was explained by a 

selectivee inhibition by NRTIs of mitochondrial DNA replication in 

peripherall  adipocytes, eventually resulting in a loss of mitochondrial 

functionn and apoptosis of these peripheral adipocytes. [39] Since 1991 it 

hass been known that the NRTI interfere with the replication of 

mitochondriall  DNA, by a selective inhibition of DNA polymerase-y, the 

mitochondriall  enzyme which plays a key role in the replication of 

mitochondriall  DNA. [40] The various individual NRTIs markedly differ 

inn their capacity to inhibit DNA polymerase-y in vitro (zalcitabine > 

didanosinee > stavudine > zidovudine > lamivudine = abacavir = 

tenofovir).. [41] This so-called 'mitochondrial toxicity' has been 

implicatedd in the development of several NRTI associated side effects 

outsidee the scope of this thesis (peripheral neuropathy by zalcitabine, 

didanosinee and stavudine, pancreatit is by didanosine and stavudine, 

andd bone marrow suppression and myopathy by zidovudine). The tissue 

specificityy of these different mitochondria-related side effects remains 

intriguingg and may be the result of different degrees of t issue 

penetrationn and pharmacological processing of the various NRTIs. 

Sincee there is considerable difference in the extent to which the 

differentt NRTIs inhibit DNA polymerase-y as stated above, a difference 

inn the incidence of lipoatrophy between the different NRTIs may be 

expected.. Several cohort studies had demonstrated the incidence of 

lipoatrophyy to be higher in patients using stavudine- compared to 

zidovudine-basedd therapy, which are the two commonly used NRTIs. 

[20,42-44] ] 

I nn chapter 7 we extensively assess fat distribution, as well as 

mitochondriall  DNA, in patients who in the past had been randomly 

allocatedd to first initiate treatment with either a stavudine or 

zidovudine-basedd regimen. 
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2.66 Th e rol e of protease inhibito r  rep lacement 

Ass outlined above, i t initiall y seemed likely that Pis played a key role in 

thee development of the lipodystrophy syndrome. We therefore designed 

aa clinical tr ial to investigate the reversibility of the various aspects of 

thee lipodystrophy syndrome, when replacing the PI component of 

pat ients'' antiretroviral regimens by the NRTI abacavir. In chapter 8 we 

characterisee the effects on the disturbances in glucose metabolism and 

lipolysiss in subjects with severe lipodystrophy, 96 weeks after 

replacementt of PI by abacavir. We postulated that such a trial would 

alsoo improve our understanding of the contribution of Pis to the 

derangementss in glucose and lipi d metabolism. Assuming that any 

potentiall  beneficial changes observed might occur as a result of an 

improvementt in fat distribution, we also assessed body composition, 

focussingg on fat distribution in the participants of this study. 

18 8 
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33 Brie f out l in e of thes is 

Inn Chapter  2 we explore the development of lipodystrophy in patients 

randomlyy allocated to protease inhibitor with or without the addition of 

aa NRTL 

Inn Chapter  3 the effects of t reatment with protease inhibitor based 

therapyy on the lipoprotein profile is compared to that of t reatment with 

eitherr a non-nucleoside or a nucleoside reverse transcriptase inhibitor-

basedd regimen in patients randomly assigned to either of such three 

treatmentt regimens. 

I nn Chapter  4 the results observed in the study described in chapter 3 

aree put into perspective with respect to their potential clinical 

implications,, including for the individualized treatment of HIV-1 

infectedd patients. 

I nn Chapter  5 we characterize glucose metabolism in patients with 

severee lipodystrophy. Lipodystrophy was defined as an evident loss of 

peripherall  fat with or without visceral fat accumulation while using 

proteasee inhibitor based therapy. These results were compared to those 

obtainedd in age, gender and body mass index-matched healthy 

volunteers. . 

Inn Chapter  6 we explore the effect HIV-1-associated lipodystrophy has 

onn the rate of lipolysis and on resting energy expenditure, and compare 

thiss to data obtained in asymptomatic HIV-1 infected patients. 

Furthermore,, we compare the lipolyti c response to an epinephrine 

infusionn in these two groups of patients. 

I nn Chapter  7 we objectively assess the presence of lipoatrophy, and 

quantifyy mitochondrial DNA content in peripheral blood mononuclear 

cellss as well as mitochondrial DNA content in fat biopsies in patients 

19 9 
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whoo in the past had been randomised to initiate either stavudine- or 
zidovudine-basedd therapy. 

Inn Chapter  8 the effect is described on glucose metabolism, lipolysis 
andd fat distribution in patients with lipodystrophy, 96 weeks after 
withdrawall  of protease inhibitors from their treatment regimen. 
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I n t r o d u c t i on n 

Thee use of protease inhibitor (Pl)-containing combination antiretroviral 

therapyy has recently become associated with increasing reports of a 

lipodystrophyy syndrome, which involves central fat accumulation and 

peripherall  fat wasting. [1-3] These changes in body fat distribution and 

thee frequently accompanying metabolic disturbances such as 

hyperlipidemiaa have generally been attr ibuted to the use of a PI, given 

thee temporal relationship between the widespread introduction of Pis 

andd initial reports of the syndrome. I t is important to realise however 

thatt patients who develop lipodystrophy syndrome while taking Pis, 

almostt always are concomitantly receiving treatment with nucleoside 

analoguee reverse transcriptase inhibitors (NRTIs), and frequently wil l 

alsoo have had extensive prior NRTI-exposure. Several observations 

suggestt that NRTIs may independently contribute to the development of 

thiss syndrome. First, several observational cohort studies have shown 

durationn of exposure to NRTIs to be an independent risk factor in the 

developmentt of the syndrome during the use of Pi-containing 

therapy.. [4-6] Second, the lipodystrophy syndrome is increasingly being 

reportedd in patients who have never been exposed to Pis. [7-9] 

Resultss from randomised clinical trials which may clarify the relative 

contributionn of Pis and NRTIs in the development of the lipodystrophy 

syndromee are not yet available. The long-term follow-up of patients 

enrolledd in the Prometheus study provided a unique opportunity to 

addresss this issue as patients in this trial, half of whom had never 

receivedd prior antiretroviral treatment, were randomly assigned to 

treatmentt with either the Pis ritonavir (RTV) plus saquinavir hard gel 

capsuless (SQV) alone, or RTV/SQV plus the NRTI stavudine (d4T). 
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Methods s 

StudyStudy design 

Thee Prometheus study was a multicenter, open-label, randomised 

controlledd trial, the main results of which have recently been 

reported.[10]]  In short, patients were eligible if they had documented 

HIV- 11 infection, were 18 years of age or older and had not used Pis 

and/orr d4T prior to study entry. Part icipants were randomly assigned to 

eitherr RTV 400 mg twice daily (BID) plus SQV 400 mg BID or RTV 400 

mgg BID plus SQV 400 mg BID plus d4T 40 mg BID (30 mg BID if body 

weightt <60 kg). Before randomisation, patients were stratified 

accordingg to their antiretroviral t reatment history, baseline serum HIV-

11 RNA, and baseline CD4+ T-cell count. Patients could intensify 

t reatmentt after 12 weeks of follow-up by adding wherever possible two 

neww NRTIs or non-nucleoside reverse transcriptase inhibitors to their 

regimen.. During each scheduled visit, blood total cholesterol and 

triglyceridee levels were obtained. Fasting was not mandated for blood 

draws.. Standardised follow-up and data collection was continued in all 

instances,, including in patients who prematurely discontinued study 

medication.. After the original 48-week follow-up, the protocol was 

extendedd to continue standardised data collection every 12 weeks up to 

weekk 96. Enrolment began in January 1997 and the last patient 

completedd 96 weeks of follow up in December 1999. During the study, 

lipodystrophyy was reported prospectively by the treating physician. 

Lipodystrophyy was considered to be present when the physician judged 

thee patient 's body appearance to be compatible with that diagnosis. 

Duringg the initial 48 weeks of follow up (i.e. before general awareness of 

thee syndrome in the HIV physician and patient community), 

lipodystrophyy would only have been prospectively reported as a study-

associatedd adverse event. When follow up was extended for a second 

year,, the lipodystrophy syndrome had meanwhile become widely 

recognisedd and lipodystrophy was now pre-printed on the study data 
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collectionn forms, requesting the physicians to purposely to indicate its 

presencee or absence at every follow-up visit. Al l study physicians were 

madee actively aware of this change in data collection for lipodystrophy 

duringg study site visits. In addition, following the first analysis of 

prospectivelyy collected information, in May/June of 2000, physicians 

weree asked to review retrospectively the clinical records of every patient 

thatt they had reported to have developed lipodystrophy. They were 

requestedd to complete a questionnaire that queried whether the 

lipodystrophyy reported had been composed of solely lipoatrophy of the 

face,, arms, legs, or buttock, or solely fat accumulation in the abdomen, 

breastss or elsewhere, or both. 

Thee protocol and all amendments were approved by the institutional 

revieww boards of all participating institutions. Al l patients gave written 

informedd consent. 

StatisticalStatistical analysis 

Forr the primary analysis, patients were analysed according to their 

randomlyy assigned treatment regimen. In addition, analyses of sub-

groupss were performed according to whether patients had been 

antiretrovirall  naive or RTI-experienced at study entry. Furthermore, to 

studyy the relative risk of concurrent exposure to NRTIs and Pis versus 

sequentiall  exposure to NRTIs and Pis, the occurrence of lipodystrophy 

inn antiretroviral naive patients randomised to RTV/SQV/d4T was 

comparedd with that in NRTI-experienced patients randomised to 

RTV/SQVV alone. Time to onset of lipodystrophy was reported as median 

andd interquarti le ranges (IQR). Kaplan-Meier curves, which were based 

onn the prospectively reported presence of lipodystrophy, were generated 

too indicate the time to onset of lipodystrophy, stratified by treatment 

regimen.. Patients who were not reported to have developed 

lipodystrophyy were censored at their last follow-up visit. P-values were 

calculatedd using the log rank test. 
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Forr the analysis of blood lipi d concentrations, determinations of 

triglyceridess and cholesterol were only considered for the period in 

whichh patients were taking randomised treatment which could include 

t reatmentt intensification as described above. In order to correct for 

intraindividuall  variation in lipid concentrations (given the uncertainty 

ass to whether bloods had been drawn fasting or not), the median of the 

triglyceridee and cholesterol levels obtained between weeks 3 and 48 

weree calculated for each patient. The difference was then calculated 

betweenn the value obtained at baseline and this median, as a measure 

off  the absolute change in triglycerides and cholesterol following the 

init iationn of t reatment. 

Baselinee serum HIV- 1 RNA levels and CD4 cell counts, as well as the 

changess in these markers during treatment, are reported as median and 

IQRR and compared between the treatment groups as randomised, using 

thee Wilcoxon's two-sample test. This analysis was limited to the initial 

488 weeks of t reatment as HIV-1 RNA determinations were performed in 

aa single central laboratory using a single assay (Roche Amplicor) only 

dur ingg this period, but not thereafter. 

Potentiall  risk factors for development of lipodystrophy were explored by 

univariatee Cox proportional hazard analysis. Patients who were not 

reportedd to have developed lipodystrophy were censored at their last 

follow-upp visit. Parameters considered as potential predictors of 

lipodystrophyy were t reatment arm, age, gender, prior t reatment with 

NRTIs,, total duration of NRTI-exposure, baseline cholesterol and 

triglyceridee levels and increases in cholesterol and triglyceride 

concentrationss during treatment. Variables with a P value less than 

0.155 in the univariate analysis were entered in a multivariate model. 

Al ll  calculated P-values were two-tailed and considered statistically 

significantt if P <0.05. 

Dataa were analysed using the SAS software package (version 6.12, SAS 

Inst i tute,, Cary, North Carolina, USA). 
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Resul ts s 

PatientPatient disposition, baseline characteristics and treatment 

intensificationintensification regimen 

Off  the total 208 patients randomised into the Prometheus study, six 

patientss who never started randomised treatment (one in the RTV/SQV 

arm,, five in the RTV/SQV/d4T arm) were excluded (Figure 1). Another 

277 patients with incomplete data through 96 weeks of follow-up were 

likewisee excluded from the current analysis, in the majority of cases 

becausee they had become lost to follow-up, or had withdrawn consent for 

furtherr data collection during the initial 48 week study period or the 

subsequentt long-term follow-up. These latter patients were comparable 

att baseline to the remaining 175/202 (87%) patients included in the 

currentt analysis, with respect to treatment randomisation, stage of HIV 

infection,, and prior t reatment with NRTIs. At baseline, patients in the 

twoo treatment arms were comparable with respect to demographic 

characteristics,, serum HIV-1 RNA level and CD4 cell count (Table 1). 

Baselinee HIV-1 RNA was significantly higher in patients who were 

antiretrovirall  naive compared with those with prior antiretroviral 

experiencee (median HIV-1 RNA 4.6 logio copies/ml (IQR 4.2-5.1) vs. 4.2 

logioo copies/ml (IQR 3.5-4.7) (p=0.0001, Wilcoxon two-sample test)). 

Baselinee CD4+ cell counts were 255 x 106 cells/1 (IQR 90-445) and 243 x 

1066 cells/1 (IQR 133-328) in the naive and experienced patients, 

respectivelyy (p=0.29). 

Off  the antiretroviral experienced patients, all had been exposed to 

zidovudinee (median exposure 94 weeks), 56% to zalcitabine (57 weeks), 

41%% to lamivudine (30 weeks), 26% to didanosine (23 weeks), 9% to 

nevirapinee (34 weeks), and 7% to loviride (104 weeks). 

33 3 



ChapterChapter 2 

Tablee 1 Baselin e characteristic s 

Mediann (IQR) age (years) 
Sex x 
male e 
female e 
Riskk for HIV-1 
homosexuall contacts 
heterosexuall contacts/ endemic 
area a 
IVV drugs 
other r 
unknown n 
CDCC stage 
A A 
B B 
C C 
Antiretrovirall experience 
naïve e 
experienced d 
Mediann (IQR) serum HIV-1 RNA 
(copies/ml) ) 
Mediann (IQR) CD4+ cells 
(cells/mm3) ) 

RTV/SQV V 
(n=87) ) 

377 (33-46) 

755 (86%) 
12(14%) ) 

600 (69%) 
233 (26%) 

33 (3%) 
00 (0%) 
11 (1%) 

388 (44%) 
27(31%) ) 
299 (25%) 

44(51%) ) 
433 (49%) 

4.33 (3.9-5.0) 

255(130-410) ) 

RTV/SQV/d4T T 
(n=88) ) 

36(31-45) ) 

733 (83%) 
15(17%) ) 

588 (66%) 
233 (26%) 

33 (3%) 
11 (1%) 
33 (3%) 

388 (43%) 
299 (33%) 
211 (24%) 

500 (57%) 
388 (43%) 

4.55 (4.0-4.8) 

235(115-370) ) 

RTVV = ritonavir; SQV = saquinavir (hard gel capsules); d4T = stavudine; IQR = 
interquartilee range 

I nn the RTV/SQV arm (n=87) 24% of patients remained on randomised 

t reatmentt throughout 96 weeks; 46% intensified treatment after a 

mediann of 25 weeks (IQR 2 2- 49), and 30% prematurely discontinued 

studyy medication at some point during the 96 weeks of follow-up. In the 

RTV/SQV/d4TT arm (n=88) 60% remained on randomised treatment, 7% 

intensifiedd t reatment after a median of 41 weeks (IQR 22-49), and 33% 

prematurelyy discontinued study medication (Figure 1). Intensification 

forr all patients in the RTV/SQV/d4T arm was with lamivudine. In 

pat ientss randomised to RTV/SQV alone, intensification included d4T in 

36/400 patients (90%). Of the 4 remaining patients, 3 intensified 

t reatmentt with zidovudine and lamivudine, and one with lamivudine 

alone. . 
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Figur ee 1 Patien t dispositio n 
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Thee top part of the figure shows the disposition of all 208 patients randomised 
intoo the study, and the reasons for only 175 patients remaining for analysis with 
dataa available for 96 weeks of follow up. The bottom part of the figure then 
illustratess the treatment characteristics of these remaining 175 patients at the 
completionn of 96 weeks of follow up, in each of the two treatment arms. pt. = 
patients;; RTV = ritonavir; SQV = saquinavir (hard gel capsules); d4T = 
stavudine;; ART = antiretroviral therapy 
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HTV-1HTV-1 RNA and CD4 cell responses during treatment 

Followingg t reatment no significant differences were observed in the 

degreee of virus suppression and immune recovery that was achieved. 

HIV- 11 RNA levels declined 1.9 logio copies/ml (IQR 1.4-2.4) between 

weekk 0 and week 48 in the RTV/SQV arm (with 85% reaching serum 

HIV- 11 RNA <400 copies/ml at week 48) and 2.1 logio copies/ml (IQR 1.6-

2.4)) in the RTV/SQV/d4T arm (91% <400 copies/ml)(p=0.21). Median 

increasess in CD4 cell counts between week 0 and week 48 were 160 x 

1066 cell/1 (IQR 80-280) and 180 x 106 cell/1 (IQR 120-290) for the 

RTV/SQV-- and RTV/SQV/d4T arm, respectively (p=0.60). 

OccurrenceOccurrence of lipodystrophy 

Lipodystrophyy was reported in a total of 29/175 (17%) patients during 

thee 96 weeks of follow-up. I t was more frequent in patients who were 

randomlyy assigned to treatment with RTV/SQV/d4T (22/88, 25%), than 

inn patients assigned to treatment with RTV/SQV alone (7/87, 8%) 

(p=0.003,, x2 test). Likewise, when limitin g the analysis to patients who 

weree antiretroviral naive at enrolment, patients randomised to 

RTV/SQV/d4TT (12/50, 24%) were significantly more likely to develop 

lipodystrophyy than patients randomised to RTV/SQV alone (2/44, 

5%)(p=0.008,, x2 test). Lipodystrophy was reported in 1/14 (7%) 

antiretrovirall  naive patients, who continued treatment with nothing but 

RTV/SQVV for the entire period of follow-up. 

I nn the antiretroviral-experienced patients randomised to RTV/SQV 

alone,, the duration of NRTI-exposure before study entry (median 98 

weeks,, IQR 53-214 weeks) was very similar to that of antiretroviral 

naivee patients randomised to RTV/SQV/d4T and thus exposed to NRTIs 

forr the first t ime during the study (follow-up 96 weeks). The first group 

cann be considered to have had sequential exposure to NRTIs and Pis, 

whereass the second group had concurrent exposure to NRTIs and Pis. 

Lipodystrophyy was reported in 5/43 (12%) and 12/50 (24%) of these two 
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particularr groups of patients, respectively (relative risk 2.06, 95% 

confidencee interval (CI) 0.79-5.39). 

TimeTime to lipodystrophy 

Lipodystrophyy was reported after a median of 68 weeks (range, 49-96 

weeks).. There was a significant difference in the occurrence of 

lipodystrophyy over time between patients randomised to RTV/SQV 

alonee and those randomised to RTV/SQV/d4T (p=0.003, log rank 

test)(Figuree 2a). The same difference was observed when the analysis 

wass restricted to antiretroviral naive patients reported significantly 

(p=0.009,, log rank test)(Figure 2b). 

Patientss who intensified RTV/SQV therapy with d4T were followed for a 

mediann of 63 weeks (range 11-86 weeks) after the addition of d4T. 

Lipodystrophyy occurred in 4/36 (11%) patients from this group a median 

off  42 weeks after the addition of d4T (range 28-81 weeks). 

RiskRisk factors for the development of lipodystrophy 

Inn the multivariate Cox proportional hazard analysis, randomisation to 

RTV/SQV/d4TT was found to be the strongest independent risk factor for 

thee development of lipodystrophy (hazard ratio (HR) 3.83, 95%CI 1.61-

9.14)) (Table 2). Both baseline median cholesterol levels and median 

increasess in these levels during treatment were higher in patients with 

lipodystrophyy than in patients without lipodystrophy (baseline 4.9 

mmol/11 (IQR 4.2-5.3) versus 4.3 mmol/1 (IQR 3.9-5.0) and increase 2.2 

mmol/11 (IQR 1.3-2.9) versus 1.3 mmol/1 (IQR 0.8-2.0), respectively). 

Higherr baseline cholesterol and higher increases in cholesterol levels 

duringg treatment were both independently associated with the 

developmentt of lipodystrophy (HR 1.57, 95% CI 1.03-2.40 and HR 1.64, 

95%% CI 1.12-2.40, respectively). Having received antiretroviral therapy 

beforee enrolment, duration of prior treatment, use of a particular NRTI 

beforee study entry, gender, age, baseline CD4+ cell count, serum HIV- 1 
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RNA,, triglyceride level, and increase in triglyceride level during 

t reatment,, were not significantly associated with the development of 

lipodystrophyy in the multivariate analysis. 

Figur ee 2 Kaplan-Meie r analysi s fo r lipodystroph y free-surviva l 
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(a)) analysis for all patients by treatment arm; (b) Analysis limited to antiretroviral 
therapyy naive patients; RTV = ritonavir; SQV = saquinavir (hard gel capsules); d4T 
== stavudine; p = p-value log rank test; n = number of patients 
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I nn the antiretroviral naive patients, randomisation to RTV/SQV/d4T 

(HRR 6.65, 95%CI 1.47-30.1) and the increase in cholesterol during 

treatmentt (HR 2.47, 95%CI 1.25-4.88) were independently associated 

withh the occurrence of lipodystrophy. When limitin g the analysis to 

antiretroviral-experiencedd patients, no significant risk factors were 

identified. . 

I nn those with lipodystrophy, fat accumulation as the sole characteristic 

wass reported retrospectively by physicians to have been present more 

frequentlyy in patients randomised to the Pi-only arm, while isolated 

peripherall  lipoatrophy was more commonly reported in those 

randomisedd to d4T/RTV/SQV (fat accumulation only in 2/7 (29%) versus 

2/222 (9%) patients, and isolated lipoatrophy in 1/7 (14%) versus 7/22 

(32%)) patients, in the RTV/SQV, and d4T/RTV/SQV arms, respectively. 

Neitherr of these differences reached statistical significance (p=0.24 and 

p== 0.63 by Fisher's exact two sided t-test, respectively). The concomitant 

presencee of fat accumulation and peripheral lipoatrophy was reported at 

aa very similar frequency in both arms (57% in the Pi-only arm and 59% 

inn the d4T arm respectively) (Table 3). 
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Discuss ion n 

Thee widespread prolonged use of potent combination antiretroviral 

therapyy in patients with HIV-1 infection has become associated with an 

increasingg number of reports concerning body fat redistribution and 

metabolicc abnormalities, commonly referred to as lipodystrophy 

syndrome.. I t has been suggested from several observational studies that 

bothh Pis and NRTIs may contribute to the development of this 

syndrome.. [4-6] Definitive evidence for the contribution by each of these 

drugg classes however has been difficul t to obtain, as Pis are rarely 

prescribedd alone without concomitant prescription of NRTIs. To our 

knowledge,, ours is the first report concerning the occurrence of 

lipodystrophyy in patients who were randomly allocated to t reatment 

withh just Pis, or PI plus one NRTI. 

Patientss randomised to RTV/SQV/d4T were significantly more likely to 

developp lipodystrophy than those randomised to RTV/SQV alone. This 

differencee was also observed in the subgroup of patients who were 

antiretrovirall  naive prior to the study, as well as in the subset of these 

whoo remained on their randomised treatment throughout the complete 

966 weeks of follow-up. Reporting of lipodystrophy during the first year, 

i.e.. before general awareness of the syndrome in the HIV physician and 

patientt community, was solely on the basis of its recognition as a 

potentiall  study-associated adverse event, and this may have resulted in 

ann underestimation of the syndrome's prevalence. In view of the 

randomisedd nature of the study however, this should have effected both 

armss to a similar extent, and should not have significantly biased either 

treatmentt arm for the difference in prevalence that we observed. Only a 

singlee patient who had never been exposed to NRTIs developed 

lipodystrophy,, which was limited to fat accumulation, while using 

RTV/SQVV alone. These results strongly support the suggestion that 

NRTIss contribute to the development of antiretroviral therapy-

associatedd lipodystrophy, as has recently been hypothesised. [11,12] The 

firstt reports concerning a possible association between lipodystrophy 
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andd NRTI-use were publicly presented in June 99. All of the patients in 
ourr analysis were reported as having lipodystrophy before this date. 
Therefore,, even though our study was not blinded, it is highly unlikely 
thatt the findings would have been biased by physicians being more 
likelyy to report lipodystrophy in the d4T-containing arm of the study. 

Onee could expect that patients who are simultaneously exposed to both 
drugg classes may be at highest risk. Our observation that antiretroviral-
naïvee patients who were allocated to RTV/SQV plus d4T were more 
likelyy to develop lipodystrophy than NRTI-experienced patients who 
weree allocated to Pis alone and thus discontinued prior use of NRTIs, 
supportss such a view, although the difference did not reach statistical 
significance,, possibly as a result of limited numbers of participants in 
eachh of these two subgroups. Although the pathogenesis of the 
lipodystrophyy syndrome remains unclear, it seems plausible that the 
concurrentt presence of both PI- and NRTI-mediated biological 
mechanismss offers a greater likelihood for the syndrome to develop. 
Withh respect to Pis, it has been suggested that they may adversely 
interactt with different host cell proteins involved in lipid metabolism, 
byy virtue of a partial amino-acid sequence homology between such 
proteinss and the HIV-1 protease. [13] For NRTIs, drug-induced 
mitochondriall  dysfunction in adipocytes has been suggested as a 
potentiall  mechanism involved in the induction of lipodystrophy. [11,12] 
NRTIss may differ in the degree to which they inhibit mitochondrial 
functionn and their effect may be cell type-dependent, as has been 
observedd in vitro. [14,15] In a number of observational studies, the 
currentt use of d4T as opposed to that of zidovudine was found to be 
associatedd with a greater risk of developing lipodystrophy, and 
peripherall  lipoatrophy in particular. [5,16] Our group recently reported 
thatt the concurrent use of RTV or indinavir results in significantly 
higherr plasma exposure to d4T.[17] If this likewise would result in 
higherr intracellular d4T-triphosphate levels in target adipose tissue, 
andd mitochondrial toxicity is indeed involved in the pathogenesis of the 
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lipodystrophyy syndrome, the concurrent exposure of our patients to both 

RTVV and d4T may have been particularly harmful. 

Inn contrast to what was reported from a number of observational 

studies,, we did not find the duration of prior NRTI-exposure, age, or 

genderr to be additional independent risk factors for the development of 

lipodystrophy.. [5,6,18,19] This may possibly be explained by a much 

shorterr median time of two years prior NRTI-exposure in our study 

population,, as compared to the much longer NRTI-exposure reported in 

thee observational studies. [4,5] Only 27 patients included in our study 

weree women, which may have been insufficient for demonstrating a 

genderr difference. 

Higherr baseline total cholesterol levels as well as higher increases in 

totall  cholesterol levels during treatment were associated with a 

somewhatt higher likelihood of developing lipodystrophy, particularly in 

thee subset of patients without prior antiretroviral experience. Such 

weakk associations between metabolic and body appearance changes are 

consistentt with findings in other studies. [1,20] Others have speculated 

thatt the changes in body composition and metabolic parameters may 

nott be directly drug-induced, but may be secondary to suppression of 

HIVV infection and the return of host immunity towards normal. [21] In 

ourr study, no major differences were observed regarding either the 

degreee of HIV suppression achieved or the level of immune recovery as 

measuredd by changes in CD4+ lymphocyte numbers, between patients 

assignedd to either treatment arm. Although this does not necessarily 

refutee the importance of indirect therapy-related mechanisms, it does 

suggestt that NRTIs directly contribute to the pathogenesis of the 

lipodystrophyy syndrome. 

Ann important limitation of our study is the subjective method by which 

lipodystrophyy was diagnosed and prospectively reported by the treating 

physicians.. In addition, specification as to whether lipoatrophy, fat 

accumulationn or both were present was sought retrospectively. In the 
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absencee of a consensus case definition of antiretroviral therapy-

associatedd lipodystrophy, i t is reassuring however that other studies 

havee found good agreement between lipodystrophy as assessed by 

physicianss on the one hand, and by the use of objective measurements 

suchh as dual energy X-ray absorptiometry (DEXA) and abdominal 

computedd tomography on the other hand.[22] 

I nn conclusion, the results from this randomised study strongly support 

thatt nucleoside analogue reverse transcriptase inhibitors contribute to 

thee development of antiretroviral therapy-associated lipodystrophy 

syndrome.. The low incidence of lipodystrophy in patients with no or 

l imitedd NRTI-exposure, at least over a period of two years, warrants the 

furtherr evaluation of NRTI-sparing regimens as potentially less toxic 

alternativess to current standard potent combination antiretroviral 

regimens. . 
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LipidLipid profile and nevirapine containing therapy 

I n t r o d u c t i on n 

Thee use of highly active anti-retroviral therapy (HAART) including 

proteasee inhibitors (Pis) for HIV-1 infection is often associated with 

increasess in total and low density lipoprotein-cholesterol (LDL-c) 

plasmaa levels, as well as marked elevations of triglycerides (TG)[l-3], 

whereass high density lipoprotein-cholesterol (HDL-c) levels remain 

unchanged.. [4] This constellation of lipid abnormalities has led to 

concernn about patients being at increased risk of developing 

atherosclerosis.. [5] A recent cross-sectional study indeed revealed a 

higherr than expected prevalence of atherosclerotic lesions in the carotid 

arteriess in Pi-treated patients. [6] Numerous anecdotal reports have 

suggestedd that patients treated with Pis are at increased risk of 

developingg vascular disease. [7-10] 

Manyy epidemiological studies have indicated that lipoprotein 

metabolismm and in particular plasma levels of high-density lipoprotein 

(HDL)) are strongly and independently inversely correlated with the risk 

off  CAD[11,12]. In fact, in many of these studies the level of HDL-c and 

thee ratio of total cholesterol over HDL-c (TC/ HDL-c ratio) have been the 

mostt powerful predictors of future coronary events. 

Thiss inverse relationship between the level of HDL-c and the risk of 

developingg premature CAD has been a consistent finding in a large 

numberr of prospective studies, such as the Framingham Heart 

Study[13,14],, the PROCAM Study [15], the Helsinki Heart Study[16] 

andd the Lipid Research Clinics Prevalence Mortality Follow-up 

Study[17].. Overall, i t has been concluded from these studies that for 

everyy 0.025 mmol/1 increase in HDL-c, the risk for CAD is reduced by 2-

5%. . 

Inn contrast with what has been observed with Pi-containing regimens, 

increasess in HDL-c have been observed in HIV-1-infected patients who 

havee received non nucleoside reverse transcriptor inhibitor (NNRTI)-
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basedd therapy. In one study of antiretroviral-naive HIV-1 infected 

patients,, significant increases in HDL-c were reported in those treated 

wit hh nevirapine (NVP), a NNRTI, but not in those treated with the PI 

nelfinavirr [18]. 

Wee performed an extensive assessment of plasma lipids and 

lipoproteinss in a representative subset of patients enrolled in the 

Atlanticc Study, in which previously untreated HIV-1-infected patients 

receivedd the nucleoside analogue reverse transcriptase inhibitors 

(NRTI)) stavudine (d4T) and didanosine (ddl), and were randomised to 

thee addition of either the PI indinavir (IDV), the NNRTI NVP, or a third 

NRTII  lamivudine (3TC). 
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Methods s 

TrialTrial  design 

Thee Atlantic Study is an ongoing, open-label randomised comparative 

studyy of three triple antiretroviral regimens for the treatment of HIV-1 

infection.. The primary study objective is to assess the comparability of 

thee three regimens in reducing the serum HIV-1 RNA load to 

undetectablee levels. The three regimens being studied contain d4T and 

ddll  in all t reatment arms as the NRTI backbone, with the addition of 

eitherr NVP, 3TC or IDV. The Atlantic Study enrolled a total of 298 

subjectss with asymptomatic HIV-1 infection (Centers for Disease 

Controll  and Prevention (CDC) stage A), who were antiretroviral drug 

naive,, with plasma HIV-1 RNA >500 copies/ml and a CD4+ cell count 

>200xl06/L .. Standard dosing schedules were used, except for NVP and 

ddl,, which were dosed once daily. The results from this main study have 

beenn presented elsewhere [19]. 

Patientss were included in the current substudy if they had remained on 

randomisedd treatment for at least 24 weeks, and if at least two aliquots 

off  cryopreserved, previously unthawed EDTA plasma samples were 

availablee at baseline, as well as at week 6 and 24 of treatment. Al l 

sampless had been prospectively collected as part of the main trial 

protocoll  and had been shipped to a central laboratory for 

cryopreservationn at -70°C. Fasting was not mandated for blood draws. 

LipidLipid and lipoprotein determinations 

Concentrationss of plasma total cholesterol, HDL cholesterol, and 

triglyceridess were measured in a single laboratory using enzymatic 

assays.. LDL-cholesterol concentrations were calculated by the 

Friedewaldd formula. Lipoprotein subclass levels were measured on 

freshlyy thawed cryopreserved plasma specimens using a dedicated 400 

MHzz proton NMR analyser at LipoMed, Inc. (Raleigh, NC). Spectra of 
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eachh specimen (0.25 ml) were acquired in duplicate at 47°C and the lipid 

signall  envelope at 0.8 ppm deconvoluted to give the amplitudes of the 

contributingg signals from 16 lipoprotein subclasses [20]. 

Concentrationss of apolipoprotein AI (apoAI), apolipoprotein Al l 

(apoAII),, apolipoprotein B (apoB), Lipoprotein (a) (Lp(a)) were 

measuredd by nephelometry. Lipoprotein AI (LpAI) concentrations and 

thee lipoproteinAI: lipoproteinAII ratio (LpAIAll ) were measured by 

immuno-electrophoresiss (Sebia hydragel LpAI) . Cholesterol ester 

transferr protein (CETP) mass was measured using an enzyme-linked 

immunosorbentt assay (ELISA) using the CETP monoclonal antibody 

TP22 (produced by Dr. R. Milne, University of Ottawa Heart Institute, 

Ottawa). . 

StatisticalStatistical analysis 

Thee subset of pat ients selected was compared to the remaining Atlantic 

Studyy patients to assess representativeness. Potential differences in 

randomisationn arm, gender, mode of HIV-1 transmission and CDC 

classification,, were examined between the two groups using a chi-

squaree test. Baseline age, CD4+ cell count, and logio HIV-1 RNA level 

weree compared between the two groups using t-tests. 

Too test for possible differences in baseline values for the lipid 

parameters,, an ANOVA procedure was carried out. 

Too examine the change from baseline to week 24 in the lipid 

parameters,, both the absolute change in concentration, as well as the 

percentagee change in concentration from baseline were calculated for 

eachh patient. Both were used as outcome variable in a linear regression 

modell  with t reatment arm as the explanatory variable. The model using 

thee absolute change in concentration as the outcome variable was 

adjustedd for baseline concentration by including the baseline value as 

additionall  explanatory variable. A t-test statistic was calculated to test 
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iff  the percent change in concentration from baseline was statistically 

significantlyy different from zero in each of the t reatment arms, while an 

ANOVAA procedure was used to test if the percentage change in 

concentrationn differed between the arms. When the F-statistic was 

significantt (p<0.05), a pairwise comparison between the different 

t reatmentt arms was performed. These pairwise comparisons were 

judgedd to be statistically significant only if the p-value was less than 

0.01. . 

Too adjust for the possible effect of t reatment induced immune 

restorationn or decreased virus replication on lipid parameters, a 

multivariatee linear regression model was used with the proportional 

changee in their concentration from baseline as the outcome variable. 

Explanatoryy variables were the three treatment arms (with indinavir as 

thee reference group) and one of the following: CD4+ cell count at 

baseline,, logio HIV-1 RNA copies at baseline, increase in CD4+ cell 

countt or decrease in logio HIV-1 RNA copies after 24 weeks. 

Thee possibility of the occurrence of a type I error was decreased by 

testingg on only one predefined timepoint (24 weeks). Furthermore, 

pairwisee comparisons were only carried out when the alpha-level was 

belovee a predefined value, while during these comparisons the alpha 

levell  at which statistical significance was assumed, was adjusted 

downwards.. The possibility of a type II error and, related to this, the 

powerr of the analyses can not be assessed due to the exploratory nature 

off  the analysis, and the absence of information from previous research 

addressingg the same topic. 
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Resul ts s 

PatientPatient selection, baseline characteristics, and treatment response 

(Table(Table 1) 

Off  the 298 pat ients randomised into the Atlantic study, 114 patients 

(38%)) fulfille d the inclusion criteria for the current study. At baseline, 

subgroupp patients did not differ significantly between each of the three 

t reatmentt arms. For the remaining 184 (62%) patients insufficient 

sampless were available and/or treatment had been changed prior to 

weekk 24. Except for having a somewhat lower body mass index, at 

baseline,, the subgroup of patients did not differ significantly from the 

remainingg Atlantic Study population with respect to randomisation 

arm,, gender, mode of HIV- 1 transmission, CDC classification, baseline 

CD44 cell count and HIV- 1 RNA levels at baseline. The HIV-1 RNA and 

CD44 cell responses over 24 weeks of t reatment in each of the arms in 

thee subgroup did not differ significantly from those observed over the 

samee period in the entire study population, using an as-treated analysis 

(dataa not shown). The proportion of patients in our subgroup with an 

HIV- 11 RNA level below 50 copies/mL at week 24 did not differ between 

thee three arms (82,5 + 11.8%, 87.9  11.1%, 71.1  14.4% in the IDV, 

3TCC and NVP-arm, respectively). Likewise, the mean CD4 cell count 

increasee (  SD) after 24 weeks of t reatment did not differ significantly 

betweenn the three t reatment (+124  137 cells/mm3, +143  147 cells/ 

mm33 and +124 + 194 cells/ mm3 in the IDV, 3TC and NVP-arm, 

respectively).. The final week 48 virological and immunological 

responsess of the Atlantic main study have been presented elsewhere. 

[19]. . 
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Tablee 1 Baseline characteristics of patients selected for lipid profiling compared to 
remainingg patients from the Atlantic Study and treatment responses of the patients 
selected d 

Male,, % 

Age,, years mean (SD) 

BMI,, kg/m2 mean (SD) 

Riskk factors for infection, % 

Homo-- or bisexual 

Heterosexual l 

Injectionn drug use 

Other r 

Unknown n 

CDCC Class 

A A 

B B 

C C 

indinavir r 

(n=41) ) 

83 3 

35.6(7.1) ) 

25.44 (5.6) 

49 9 

29 9 

10 0 

10 0 

2 2 

98 8 

2 2 

0 0 

nevirapine e 

(n=34) ) 

88 8 

39.7(10.3) ) 

26.2(4.1) ) 

56 6 

35 5 

9 9 

0 0 

0 0 

94 4 

3 3 

3 3 

lamivudine e 

(n=39) ) 

79 9 

36.11 (8.1) 

25.77 (4.5) 

59 9 

26 6 

15 5 

0 0 

0 0 

90 0 

10 0 

0 0 

totall selected for 
subsample e 

(n=114) ) 

83 3 

37.00 (8.6) 

25.7(4.8) ) 

54 4 

30 0 

11 1 

4 4 

1 1 

94 4 

5 5 

1 1 

nott selected for 
subsample e 

(n=184) ) 

78 8 

35.44 (8.0) 

23.88 (3.8) * 

55 5 

21 1 

19 9 

5 5 

0 0 

91 1 

9 9 

0 0 

CD4++ counts, celts/nl 423(328-511) 4 0 8 ( 3 3 2 - 5 4 0 ) 396 (306-473) 4 0 7 ( 3 2 3 - 5 0 6 ) 4 0 0 ( 3 1 7 - 5 4 2 ) 
mediann (IQR) 
HIV-11 RNA, log 10 copies/ml 4 3 3 ( 3 9 0 . 4 6 5 ) 4 .27(3.93-4.83) 4 .22(3.85-4.71) 4 .28(3.88-4.75) 4.23(3.68-4.76) 
mediann (IQR) . 

** p < 0.001 versus patients selected. CDC: Centers for Disease Control and Prevention; IQR: interquartile 

range. . 
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HDLHDL and HDL-related proteins (Table 2 and Figure 1) 

Nonee of the HDL- related 

parameterss differed at 

baselinee between the 

threee t reatment arms. 

Thee HDL-c level 

increasedd significantly 

fromm week 0 to 24 by 

49%% (+0.44  0.05 

mmol/1,, p< 0.001) in the 

NVPP arm, as opposed to 

onlyy 16% (+0.10 5 

mmol/1,, p= 0.010) in both 

thee 3TC arm and the 

indinavirr arm (+0.11

0.055 mmol/1, p = 0.010). 

Thee HDL-c rise in the 

NVPP arm was 

significantlyy greater 

thann in either of the 

otherr two t reatment 

armss (p < 0.001). ApoAI 

concentrationss increased 

significantlyy in the NVP | 

andd 3TC arms (19% or J 

+208.33  28.7 mg/L; 

p O . 0 0 1,, and 7% or +61.2 

 26.8 mg/1; p= 0.007, 

respectively),, but not in 

thee IDV arm. The rise in 

apoAII  however was significantly 

greaterr in the NVP arm than in 

thee 3TC arm (p< 0.01). 

100 0 
HDLL cholesterol 

100 0 

100 0 

75 5 

50 0 

25 5 

25 5 

LpAl l 

Apoo Al 

122 18 

Weekss on therapy 
24 4 

Figur ee 1 Percentage change (from baseline) 
inn levels of lipid subclasses, weeks 0-24. 
Barss represent standard errors 
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LpAII  concentrations increased significantly by 38% (+0.12  0.02 g/L, 

p<0.001)) in the NVP arm. LpAI also increased significantly in the 3TC 

andd IDV arm, by 18% (+ 0.03  0.02 g/1; p=0.007) and 17 % (0.03  0.02; 

p== 0.009), respectively. HDL particle size as measured by NMR 

increasedd significantly by 3% in the NVP arm (+ 0.35  0.08, p < 0.001) 

whilee no significant changes were observed in the other two arms. The 

ratioo between total cholesterol and HDL-cholesterol decreased 

significantlyy by 14% in the NVP arm (- 0.99  0.29, p = 0.002) and by 9% 

inn the 3TC arm (-0.51  0.27, p = 0.029), but not in the IDV arm. CETP 

masss did not change significantly in the NVP and 3TC arms, while a 

smalll  but significant increase was observed in the IDV arm. Al l 

remainingg HDL-related baseline parameters, their absolute changes 

adjustedd for baseline and their percentage change from baseline are also 

shownn in Table 2. 
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TotalTotal Cholesterol, triglycerides, LDL and VLDL-related proteins 

(Table(Table 3) 

Nonee of the parameters shown in Table 3 differed at baseline between 

thee three treatment groups. Between 0 and 24 weeks of t reatment both 

totall  and LDL-c levels increased significantly in the NVP and IDV 

arms,, but not in the 3TC arm. Both small and large LDL-c levels 

increasedd significantly in the NVP arm, but not in the other two arms, 

whilee neither intermediate LDL-c, LDL size, nor VLDL subclass 

concentrationss or size changed significantly in either of the three arms. 

Triglyceridee levels were low at baseline in all three arms ranging from a 

meann of 1.46 to 1.59 mmol/1, and did not change significantly during 

treatment. . 

MultivariateMultivariate linear regression model 

Thee multivariate linear regression model did not reveal any statistically 

significantt contribution from having been randomised to IDV or 3TC-

containingg therapy to the percent change in HDL-cholesterol and HDL-

associatedd parameters when adjusting for CD4+ cells at baseline, CD4 + 

celll  rise from week 0 to week 24, HIV-1 viral load at baseline or HIV- 1 

virall  load decrease from week 0 to week 24 (data not shown). 

Thiss allowed us to use a less complex model in which only 

randomisationn to the NVP arm was used as explanatory variable in 

conjunctionn with the variables denoting immune restoration or viral 

loadd decrease as mentioned above. As mentioned earlier, the increase in 

HDLL cholesterol in the NVP arm was 49% in the unadjusted analysis 

(Tablee 2). Increases in HDL cholesterol remained highly significant 

afterr adjusting for baseline CD4+ cells (+32%; p<0.001), CD4+ cell 

increasee (+36%; p<0.001), baseline HIV-1 viral load (+33%; p<0.001), 

andd HIV-1 viral load decrease (+34%; p<0.001). A similar significant 

patternn was observed for the changes in LpAI , apoAI and HDL size. 
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Discuss ion n 

Wee observed a striking increase in plasma HDL-c in patients randomly 

assignedd to NVP-containing HAART, which was accompanied by 

significantt increases in LpAI , apoAI and HDL particle size. Less 

pronouncedd increases in HDL-c, LpAI and apoAI were observed in the 

3TCC and IDV containing arms. The increase in LDL-c observed in the 

NVPP arm was offset by a much more striking reduction of the total 

cholesteroll  (TC)/HDL ratio. This ratio is considered a powerful risk 

predictorr of future CAD events[12], and the degree in which the 

TC/HDLL ratio was reduced in patients treated with NVP would be 

expectedd to confer significant benefit if maintained over a prolonged 

periodd of time. A lesser statistically significant reduction of the 

TC/HDLL ratio was seen in the 3TC arm, but not in the IDV arm. The 

effectt of NVP on HDL-cholesterol and other HDL-parameters remained 

presentt even after adjusting for CD4+ cell count and HIV-1 RNA level, 

bothh prior to and during treatment. 

High-densityy lipoprotein (HDL) is strongly protective against 

atherosclerosis.. An important mechanism underlying this protective 

effectt is the role of HDL in the removal of excess cholesterol from 

peripherall  tissues (reverse cholesterol transport) as reviewed by Hil l 

ea[21].. In addition, HDL also protects by inhibiting lipoprotein 

oxidation.. The antioxidant properties of HDL are due in part to serum 

paraoxonase,, an enzyme carried on HDL that can degrade biologically 

activee oxidised phospholipids[22,23]. Genetic syndromes associated with 

highh HDL levels are usually associated with longevity and a decreased 

riskk of CAD [24]. 

Furthermore,, animal studies have provided substantial proof-of-

principlee that intervention targeted at increasing HDL could be a viable 

therapeuticc strategy. Repeated infusion of HDL, or transgenic 

overexpressionn of apoAI in mice and rabbits inhibits progression of 

atherosclerosis.. Using liver-directed gene transfer, others have also 
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demonstratedd that hepatic overexpression of the HDL proteins could 

increasee HDL-c levels and result in a rapid and marked regression of 

pre-existingg atherosclerotic lesions in genetically modified mice[25,26]. 

Interventionn studies in humans such as the Helsinki Heart Study[27] 

andd the VA-HIT[28 j likewise have shown that treatment which raises 

HDL-cc from low levels at baseline is accompanied by substantial 

decreasess in CAD events. 

Thee potential mechanisms underlying the changes in lipoprotein profile, 

whichh were observed in recipients of NVP-containing HAART, remain 

speculative.. I t is known that HDL-c as well as HDL particle size 

increasess with decreasing CETP activity, as has been shown in CETP 

deficientt patients. We measured CETP mass, which may be used[29] as 

aa surrogate for CETP activity, but in fact observed either no significant 

changee (NVP and 3TC), or if anything an increase (IDV) in CETP mass. 

Sincee inhibition of CETP would also lead to decreases in LDL-

cholesterol,, which was not observed in our study, it is very unlikely that 

thee effect of nevirapine-containing HAART, which we observed, is the 

resultt of inhibition of the CETP enzyme. 

Otherr possible mechanisms such as an increase of apoAI production in 

thee liver or an increase in ATP binding cassette (ABC) A- I activity in 

thee peripheral vasculature need to be explored. I t seems highly unlikely 

thatt HAART-induced suppression of HIV replication and/or immune 

reconstitutionn would be responsible for our findings, both in view of the 

resul tss from the mult ivariate linear regression model, and the fact that 

HIV-RNAA and CD4 responses over 24 weeks of treatment did not differ 

significantlyy between the three treatment arms, whereas the changes in 

lipoproteinn profile clearly did. 

AA limitation of this study was the fact that whether bloods were drawn 

fastingg or not was not recorded. Although patients in the IDV-

containingg arm may have been more likely to attend clinics fasting as 
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tidd indinavir preferably should be ingested in a fasting state, i t is very 

unlikelyy that these results would have been influenced to any 

significantt extent by a non-fasting state, given the finding that 

triglyceridee concentrations were low in all three study arms at baseline 

(approximatelyy 1,5 mmol/1) and did not show a significant rise over 24 

weeks.. Importantly however, whether bloods were drawn fasting or not 

shouldd not have influenced the results regarding changes in HDL. 

Inn conclusion, patients are surviving longer as a result of HAART but 

concernn exists that complications of therapy, such as the dyslipidemia 

commonlyy observed with Pi-containing therapy could result in 

prematuree morbidity and/or mortality from potentially accelerated 

atherosclerosis.. The lipoprotein profile which was observed in patients 

receivingg NVP-containing HAART, including a sharp increase in HDL-c, 

inn itself would independent of other known CAD risk factors be expected 

too be associated with an approximate 50% decrease in risk of CAD, as 

hass previously been shown in other settings [30]. Long-term follow up of 

tr ialss such as Atlantic as well as observational studies are needed to 

demonstratee whether this wil l t ranslate into a clinical benefit. Trials 

whichh prospectively look at surrogates for atherosclerosis such as the 

non-invasivee measurement of intima-media thickness of the carotid 

artery,, should also be considered. Furthermore, i t wil l be important to 

unravell  the mechanism underlying the changes in lipoprotein profile 

associatedd with NVP, and determine whether these changes are unique 

too NVP or may likewise occur with other drugs belonging to the class of 

NNRTIs,, for which there is preliminary evidence[31]. Ultimately, the 

findingss from further studies may not only effect the choice of the initial 

typee of HAART regimen for t reatment of HIV-1 infection, but may also 

leadd to novel pharmacological interventions targeted at raising HDL -
cholesteroll  for prevention of CAD. 
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In t roduct io n n 

Sincee the introduction in 1996 of triple drug potent antiretroviral 

therapyy (ART) including protease inhibitors (Pis) for the treatment of 

HIVV infection there has been a dramatic decline in the mortality and 

morbidityy of people living with HIV in developed countries. [1,2] 

Unfortunatelyy these novel treatments are frequently associated with 

sidee effects. One of the most mysterious of these side effects related to 

thee use of current ART is the lipodystrophy syndrome. [3,4] The 

syndromee includes a redistribution of fat, with loss of fat from the 

extremities,, buttocks and face (so called lipoatrophy), with or without 

fatt accumulation in the abdomen due to an increase in visceral fat or, 

moree rarely, an increase in the amount of fat in the neck (buffalo hump) 

orr breasts. Besides these phenotypic changes a large proportion of 

pat ientss develop insulin resistance and elevated plasma concentrations 

off  LDL-cholesterol, total cholesterol and triglycerides. The combination 

off  hyperlipidemia, insulin resistance and visceral fat accumulation 

closelyy resembles the abnormalities seen in 'the metabolic syndrome X' 

andd has raised the concern that HIV-infected patients treated with ART 

mayy be at increased risk of developing premature coronary artery 

diseasee (CAD). [5-10] In this review we wil l discuss the recent finding 

thatt different drug classes/ART regimens may importantly differ with 

respectt to their effect on the plasma lipid profile. Based on this we wil l 

i l lustratee how such differences, together with knowledge of the presence 

off  other classic CAD risk factors, opens the door for individualised 

t reatment,, based on criteria in addition to HIV-1 viral load and CD4-cell 

count. . 

Lipi dd changes in the natura l course of HI V infect ion 

Earlyy in the natural course of HIV infection, as seen in other infections 

andd chronic inflammatory conditions, HDL-cholesterol slightly 

decreases.. [11,12] This decrease is followed by a decrease in the size of 

LDLL particles leading to a rise in more artherogenic small dense LDL 
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particless (LDL type B).[13] Late in the infection when patients progress 

too the clinical diagnosis of AIDS triglyceride concentrations exhibit a 

slightt rise. [11] This rise is probably due to an increased production of 

triglyceridee rich VLDL particles and a decreased clearance of VLDL by 

thee liver. [14] In a study performed in patients using zidovudine 

monotherapyy triglycerides decreased. [15] For more details concerning 

metabolicc disturbances in the natural course of HIV infection we would 

lik ee to refer to a very comprehensive review written by Sellmeyer and 

Grunfeld.. [16] 

Antiretrovira ll  therapy- induced l ipi d changes 

Numerouss studies have demonstrated that patients using PI-based ART 

developp atherogenic changes in their lipoprotein profile, consisting of 

elevationss in triglyceride rich lipoproteins, total cholesterol and LDL-

cholesterol.. On top of this hyperlipidemia there is also considerable 

evidencee for a decrease in endothelial function[17,18], an increase in 

intimaa media thickness[5,19] and impaired fibrinolysis[20] when using 

PI-basedd therapy, warrant ing the concern for an increased risk of CAD 

inn HIV-infected patients. A very elegant in vitro study recently showed 

thatt several protease inhibitors selectively inhibit the proteasomal 

degradationn of apoliprotein B.[21] This protein is crucial for the 

formationn of triglyceride- and cholesterol rich lipoprotein particles. A 

decreasedd clearance of apolipoprotein B may lead to an elevation of very 

low-densityy lipoproteins (VLDL ) and low density lipoproteins (LDL) . In 

healthyy volunteers treatment with the protease inhibitor ritonavir 

indeedd led to elevations of triglycerides, apolipoprotein B and VLDL -

cholesterol.[22]]  Taken together these findings suggest that protease 

inhibitors,, independently of HIV, directly contribute to the potentially 

deleteriouss effects on lipids. Another study showed that certain genetic 

ApoC-IIII  polymorphisms are associated with higher Pl-induced 

elevationss in triglycerides, demonstrating that genetic predisposition 

mayy also play a role in the development of the hyperlipidemia 

associatedd with the use of Pis.[23] 
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Theree seem to be important differences in the extent of lipi d elevations 

inducedd by the different Pis. This has been nicely reviewed for most of 

thee currently licensed Pis by Penzak and Chuck. [24] The most 

pronouncedd elevations in triglycerides are seen with ritonavir-based 

regimenss while all Pis to some extent lead to elevations in total- and 

LDL-cholesterol.. An intriguing exception to this rule is the novel PI 

atazanavirr which is currently in clinical development. No significant 

effectss on the lipi d profile were found when atazanavir was 

administeredd in clinical trials, either as the only PI in the regimen or 

togetherr with saquinavir, nor were any changes observed on triglyceride 

secretionn from adipocytes in vitro. [25-27] Elucidating which pathways 

atazanavirr does not but currently available Pis do affect may provide 

importantt clues to the pathogenesis of Pi-induced hyperlipidemia. 

I nn contrast, in t reatment naive patients commencing non-nucleoside 

reversee transcriptase inhibitor (NNRTI)-based regimens so far no 

atherogenicc changes in the lipoprotein profile has been described. One 

studyy showed that with an efavirenz (EFV) based regimen total 

cholesteroll  and HDL cholesterol tend to rise after 48 weeks of 

t reatment.. [28] A nevirapine (NVP) based regimen in treatment naive 

pat ientss after 24 weeks of treatment however, led to a more prominent 

increasee in HDL-cholesterol (+49%), accompanied with a rise in 

apolipoproteinn AI and a decrease of the ratio of total cholesterol over 

HDL-cholesterol.. [29] This effect on HDL-c was sustained after 96 

weekss of t reatment. [30] Many epidemiological studies have indicated 

thatt lipoprotein metabolism and in particular plasma levels of high-

densityy lipoprotein (HDL) are strongly and independently inversely 

correlatedd with the risk of CAD[31,32]. In fact, in many of these studies 

thee level of HDL-c and the ratio of total cholesterol over HDL-c (TC/ 

HDL-cc ratio) have been the most powerful predictors of future coronary 

events.. This inverse relationship between the level of HDL-c and the 

riskk of developing premature CAD has been a consistent finding in a 

largee number of prospective studies, such as the Framingham Heart 

Study[33,34],, the PROCAM Study [35], the Helsinki Heart Study[36] 
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andd the Lipid Research Clinics Prevalence Mortality Follow-up 

Study[37].. Overall, i t has been estimated from these studies that for 

everyy 0.025 mmol/1 increase in HDL-c, the risk for CAD is reduced by 2-

5%.. The answer to the question whether different types of ART 

regimenss wil l indeed result in clinically meaningful differences in CAD 

riskk for patients receiving treatment for their HIV infection we must 

awaitt the results of large studies such as the "Data collection of adverse 

eventss of anti-HIV Drugs " (DAD) study which have been designed to 

prospectivelyy address this issue. 

"Swi tch""  s tud ies 

Severall  studies have been conducted focussing on the effects of 

replacingg the PI component in a regimen by antiretrovirals from 

anotherr class to see to which extent the Pi-induced hyperlipidemia may 

bee reversed. The details of almost all of these switch studies have 

recentlyy been nicely reviewed by R. Murphy ea.[38] 

Replacingg Pis by a nucleoside reverse transcriptase inhibitor (NRTI) in 

generall  leads to a decrease in total cholesterol and triglyceride 

concentrations.. This has been demonstrated in several studies 

randomlyy comparing continuation of Pi-containing ART with 

replacementt of the Pis by abacavir. [39,40] [41,42]. Although switching 

too the NNRTI NVP or EFV at first glance seems to reduce total 

cholesteroll  to a lesser extent, when examining the lipoprotein profile in 

moree detail a rise in HDL-cholesterol is observed very similar to what 

wass seen in ART-naïve patients commencing a NVP-based regimen. In a 

headd to head comparison of replacing Pis by either NVP or EFV, the 

effectt of increasing HDL-cholesterol was more pronounced when 

switchingg to NVP than EFV. [42] Recently a study with the novel PI 

atazanavirr was presented demonstrating an improvement in total 

cholesterol,, LDL-cholesterol and triglycerides, 12 weeks after replacing 

nelfinavirr by atazanavir. [43] Without discussing each of the numerous 

switchh studies in detail, it seems to be clear that the removal of Pis 
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fromm a regimen improves plasma lipids, and replacement by NVP in 

part icularr may result in a lipid and lipoprotein profile that may be 

expectedd to be associated with a reduced risk of CAD when compared to 

continuedd use of Pis. [44] 

In terpre ta t io nn and consequences 

I nn the preceding paragraphs we have briefly summarised the 

distinguishingg effects in HIV-infected patients of different initial types 

off  ART as well as of switches to non-PI regimens on the lipid profile. 

Assumingg that these differences in effect on lipids wil l translate into 

differencess in risk of CAD, it becomes important to take this into 

accountt when choosing a first line regimen in a treatment-naive patient. 

.. When doing so, i t is however essential to at the same time account for 

otherr well-known CAD risk factors including age, smoking, etc. To 

i l lustratee how this could work in clinical practice, we have calculated 

thelOO year absolute CAD risk for two different 40 year old male 

subjects,, using the PROCAM risk calculator[45] which is also available 

onlinee at www.CHD-taskforce.com. Patient 1 is normotensive 

(tensionn 120/ 80 mmhg), does not suffer from diabetes, has never 

touchedd a cigarette in his life, but has developed hyperlipidemia (fasting 

totall  cholesterol 7.4 mmol/1, triglycerides 4.5 mmol/1, HDL-cholesterol 

0.99 mmol/1, LDL-cholesterol 4.7 mmol/1) following the start of a PI-

containingg regimen which was necessary based on a CD4-cell count of 

3000 cells/mm3. Prior to the initiation of ART his lipid concentrations 

weree more or less normal except for a somewhat low HDL concentration 

(totall  cholesterol 5 mmol/1, triglycerides 1 mmol/1, HDL-cholesterol 0.9 

mmol/1,, LDL-cholesterol 2.9 mmol/1). Patient 2 is hypertensive, with a 

systolicc BP of 160 mmHg, smokes 20 cigarettes daily, does not suffer 

fromm diabetes and has a positive family history for CAD. His lipids and 

CD44 cell count match patient 1's profile both prior and following the 

initiationn of Pl-containing therapy. For patient 1 the calculated CAD 

riskk increases from 1.1% pre-therapy to 3.5% after the initiation of 

proteasee inhibitor based therapy. The calculated risk for this patient 
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remainss unchanged when the patient would have started on a NVP-

basedd regimen (figure A). In contrast, patient 2 has a 10 yr absolute risk 

off  5.7% prior to therapy, that increases to as much as 17.5% after the 

initiationn of Pi-based therapy, (figure IB) If patient 2 would manage to 

stopp smoking his 10-yr CAD risk would drop to 8.8%. Control of his 

hypertension,, resulting in a systolic blood pressure (BP) of 120 mmHg 

wouldd decrease the risk further to 5.1%. Finally, if his LDL-cholesterol 

andd triglyceride concentrations could also be significantly lowered using 

pravastat inn to 3,5 and 3 mmol/1, respectively, his remaining risk 

becomess 3.5%. In the event that patient 2 would have started NVP-

containingg rather than Pl-containing ART, resulting in a 0.44 mmol/1 

risee in HDL-c and a 0.41 mmol/1 rise in LDL-c, without being able to 

changee any of the other risk factors his CAD risk lowers to 2.4%.(figure 

B) ) 
Figur ee A and B The influence of traditional risk factors for coronary artery disease 
(CAD)) in combination with different first line antiretroviral regimens on the 
calculatedd 10 yr. CAD risk using the PROCAM risk calculator (www.CHD-
taskforce.comm ) 
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Figur ee A represents the effects of either protease inhibitor- (PI) or nevirapine- (NVP) based 
firstt line antiretroviral therapy (ART) in a patient without additional risk factors known to 
increasee the CAD risk.Figure B represents these effects in a patient with the same age and 
HIVV parameters, but who smokes, has hypertension (systolic blood pressure (BP) of 160 
mmHg)) and a positive family history for CAD. It also shows the effects on the calculated 10 
yr.. CAD risk when one is able to modify traditional risk factors. 
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Thesee two cases demonstrate the importance of assessing the CAD risk 

inn each patient prio r  to the initiation of ART as well as to try to modify 

tradit ionall  CAD risk factors as much as possible. Succesfully 

interveningg with risk factors such as smoking and blood pressure 

unfortunatelyy often may be easier said than done. As illustrated, under 

suchh circumstances initiation of t reatment with regimens without a PI 

shouldd be strongly considered, if permitted by a patient's viral and 

immunologicall  markers. In such a context treatment with a NVP-

containingg regimen may be the preferred option given the most 

pronouncedd effects on HDL cholesterol. 

HIV-associatedd mortality has dramatically decreased since the 

introductionn of potent combination ART. This wil l result in an ageing 

pat ientt population which wil l inevitably be followed by an increase in 

CADD risk factors, particularly the development of obesity, hypertension 

andd type II diabetes mellitus. An assessment of such conditions should 

probablyy be repeated approximately annually in patients attending 

outpatientt clinics. If modifiable CAD risk factors are identified, 

relativelyy aggressive intervention should be attempted as this would 

resultt in considerable CAD risk reduction. 

Apartt from modifying the ART regimen, one may also try to influence 

Pl-associatedd hyperlipidemia with the use of HMG-CoA reductase 

inhibitorss (statins) or fibrates. When considering to do so, potential 

interactionss between PI and statins at the level of hepatic cytochrome 

P4500 isozymes must be taken into account. Many of the currently 

licensedd PI to some extent are inhibitors of cypP4503A4 isozymes 

leadingg to an increase in statin plasma concentrations[46,47] thereby 

increasingg the risk for statin-related side effects. The only two statins 

whichh can be used relatively safely are atorvastatin and particularly 

pravastat in.. The latter was shown to be effective in modifying plasma 

lipidss in combination with dietary intervention. [48] 
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Conclusions s 

Too conclude we want to stress that it is becoming increasingly 

importantt to make an adequate CAD risk assessment in each patient 

bothh prior to and approximately annually after the initiation of ART. In 

patientss with an already considerable risk of CAD based on traditional 

riskk factors, particularly when it is expected to be difficul t to modify 

these,, start ing with either a triple NRTI or an NNRTI-based regimen 

mayy be the preferred option, given the propensity of such regimens to 

havee either no or potentially even beneficial effects on the lipoprotein 

profile. . 
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Int roduct io n n 

Combinationn antiretroviral therapy including protease inhibitors for the 

treatmentt of HIV-1 infected patients has been associated with the 

developmentt of a fat redistribution syndrome, which may include both 

centrall  fat accumulation and peripheral fat wasting [1]. These changes 

inn body fat distribution are frequently accompanied by insulin 

resistancee [2,3]. Insulin resistance is frequently described only in terms 

off  an impairment in the effects of insulin on the uptake of glucose in 

peripherall  tissues. However, insulin influences several metabolic 

pathways.. Insulin increases peripheral uptake of glucose, but decreases 

endogenouss glucose production, the rate of lipolysis and of proteolysis. 

Insulinn sensitivity in HIV related lipodystrophy has only been described 

inn terms of the effects of insulin on peripheral glucose uptake, but not in 

termss of other effects of insulin. 

Thee aim of the present study was to evaluate the effects of the 

combinationn of HIV infection and lipodystrophy on postabsorptive 

glucosee production and insulin sensitivity with respect to the 

suppressivee effects of insulin on endogenous glucose production. 

Furthermore,, we measured oxidative and non-oxidative glucose 

disposal.. In addition we measured plasma free fatty acid (FFA) levels as 

aa reflection of lipolysis. 
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Subjectss and Methods 

Subjects Subjects 

Wee studied 7 HIV-1 positive men with lipodystrophy (HIV+LD ) who 

weree included in the 'Reverse' study. This is an ongoing protocol in 

whichh HIV-1 infected patients with lipodystrophy are examined for 

reversibilityy of the syndrome when replacing the protease inhibitor 

componentt in their regimen by the nucleoside reverse transcriptase 

inhibitorr abacavir. Pat ients eligible for inclusion in this study have to 

usee a protease inhibitor-containing regimen and have a plasma HIV-1 

RNAA level below 400 copies per millilitr e for at least 6 months. Patients 

wit hh diabetes melllitus, defined as having a fasting glucose 

concentrationn above 7.0 mmol/1, were excluded[4]. 

Afterr 6 weeks of adding abacavir (300mg, two times daily) to their 

currentt regimen, pat ients are randomized to either discontinue their 

proteasee inhibitors immediately, or continue protease inhibitor use for 

anotherr 12 weeks and then stop. Patients referred for this protocol had 

lipodystrophyy in the opinion of their treating physician. Prior to being 

includedd this was confirmed by physical examination and by obtaining 

thee pat ients' history by two study physicians. Lipodystrophy was 

definedd as the presence of peripheral lipoatrophy, central fat 

accumulationn or both. Al l assessments reported for the HIV+L D group 

weree performed six weeks after adding abacavir to the current 

antiretrovirall  regimen. We included patients who reached this point 

betweenn February 2000 and November 2000. In the final analysis, one 

off  these seven patients was excluded, because of a technical failure 

whilee performing the hyperinsulinaemic euglycaemic glucose clamp. 

Sixx healthy subjects with similar age and BMI were studied as controls. 

Thesee were also included in another, unrelated dietary intervention 

study,, the results of which have been published elsewhere. [5] The 
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patientss and the controls had used a balanced diet in the weeks before 

thee study. 

Bothh studies were approved by the institutional review board of the 

Academicc Medical Center in Amsterdam. Written informed consent was 

obtainedd from all subjects. 

HyperinsulinaemicHyperinsulinaemic euglycaemic clamp protocol (figure 1) 

Figuree 1 

variablee glucose infusion 

infusionn of insulin 20 mU/m2/min 

boluss (17,6 |jmol /kg) and continuous infusion (0,22|jmol /kg/minute) of 6,6-D2-glucose 

t=-2 2 tt = 0 tt = + 0.5 tt = +2 t=2.5 5 tt  = 3 

tt t t t 
tt t 

t t tt  t t t t 6,6-D2-glucose 

tt t 
tt = -2 hrs = 09.00 am The bars represent continous infusion from that time onward. 

6,66 D2 glucose: [6,6-2H2]glucose; hrs: hours FFA: free fatty acids, 

Hormones s 
andd FFA 

Subjectss were admitted to the metabolic clinical research centre and 

studiedd in the supine position. Following a 12 hour fast, a catheter was 

insertedd in the antecubital vein of each arm. One catheter was used for 

samplingg of arterialized blood using a heated handbox (60 °C). The 

otherr catheter was used for infusion of [6,6-2H2]-glucose, glucose 20% 

andd insulin. At 09.00 hrs. (t= - 2 hr.), after drawing a blood sample for 

backgroundd enrichment of plasma glucose, a continuous infusion of [6,6-
2H2]glucosee (>99 % enriched, Cambridge Isotopes, Ma, US) was started 

att a rate of 0.22 umol-kg ^m in1 after a priming dose was administered 

whichh equalled 80 minutes of infusion. After 120, 130, 140 and 150 
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minutess blood samples were drawn for determination of basal 

endogenouss glucose production. FFA concentrations were measured at 

1200 and 150 minutes. Subsequently at t= + 0,5 hr. a primed continuous 

infusionn of insulin (Actrapid 100 EH/mL, Novo Nordisk Farma B.V., 

Alphenn ad Rijn, The Netherlands) was started for 2,5 hours at a rate of 

200 mU-m-2 body surface a reamin1 . Plasma glucose concentration was 

measuredd every 5 minutes (Beekman glucose analyzer 2, Palo Alto, CA, 

US)) and glucose 20% was infused at a variable rate to maintain plasma 

glucosee at 5.0 mmol/L. [6,6-2H2] glucose was added to the 20 % glucose 

solutionn to achieve glucose enrichments of 2 % to minimize changes in 

isotopicc enrichment due to changes in the infusion rate of exogenous 

glucose,, and thus to allow for accurate quantification of endogenous 

glucosee production [6,7]. The last hour of insulin infusion every 10 

minutess blood samples were drawn for determination of endogenous 

glucosee production. FFA concentrations were measured at t= 2,5 hr. and 

att t=3 hr. During the study subjects were only allowed to drink water. 

IndirectIndirect calorimetry 

Oxygenn consumption (VÖ2) and CO2 production (VCO2) were measured 

byy indirect calorimetry using a ventilated hood system (Sensormedics 

modell  2900, Anaheim, Ca). VÖ2 and VCO2 were measured continuously 

duringg the final 30 min of both the basal and the hyperinsulinemic 

periods. . 

BodyBody composition 

Bodyy composition was measured with a body impedance analyzer (BIA 

1099 Akern, Florence, Italy) the morning before the start of the isotope 

infusionn study. 
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AnalyticalAnalytical procedures 

Plasmaa insulin concentration were determined by a radioimmuno-assay 

(Insulinn RIA 100, Pharmacia Diagnostic AB, Uppsala, Sweden, intra-

assayy coefficient of variation (c.v.): 3-5 %, inter-assay c.v.: 6-9 %, 

detectionn limit : 15 pmol/L). Serum fatty acids were measured by an 

enzymaticc method (NEFAC; Wako chemicals GmbH, Neuss, Germany, 

intra-assayy c.v. 2-4 %, inter-assay c.v.: 3-6 %, detection limit : 0.02 

mmol/L). . 

GasGas Chromatography-Mass Spectrometry 

Plasmaa samples for glucose enrichments of [6,6-2H2]glucose were 

deproteinizedd with methanol [8]. The aldonitril penta-acetate derivative 

off  glucose [9] was injected into a gas chromatograph/mass spectrometer 

systemm (HP 6890 series II gas chromatograph equipped with a 

split/splitlesss injector and an HP 5973 model mass selective detector). 

Separationn was achieved on a J&W DB17 column (30 m  0.25 mm, df 

0.255 um). Glucose was monitored at m/z 187, m/z 188 and m/z 189. 

Withinn each series three control samples with known enrichments were 

measuredd for quality control. Glucose enrichments were calculated by 

dividingg the area of the m/z 189 peak by total peak area. Xylose was 

usedd as an internal standard to measure glucose concentration. 
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CalculationsCalculations and statistics 

Whenn endogenous glucose production (Ra) and glucose disposal (Rd) are 

calculated,, the added source of labeled glucose entering the system and 

thee exogenous glucose infusate should be taken into account. Thus, Ra 

andd Rd were calculated with a modified form of the Steele equations [5]: 

RR (t)J_L pre(0[dPct,(0/dt], 
d WW [Pctp(0 Pctp(r) 

and d 

RR (/)J— pVG(t)[d?ct?(t)/dt]  { 
aa |Pctp(r) Pctp(r) 

Pct„ „ 
0 0 

Pctp(0 0 

Pet t 
gg jcGInf(0 

Pctp(0 0 

dt t 

-Glnf(0 0 

i nn which ƒ represents the constant tracer infusion rate (mgkg^min1) , t 

t ime,, PCTP(£) the percentage enrichment in plasma glucose taken as the 

averagee of 2 consecutive samples, p the pool fraction, V the distribution 

volumee of glucose, G(t) the plasma glucose concentration taken as the 

averagee of two consecutive samples, dPCTP(f)/dt the rate of change in 

thee percentage enrichment in plasma (min1), GInf(£) the rate of infusion 

off  exogenous glucose, PCTg the percent enrichment of the glucose 

infusatee and dG(t)/dt the rate of change of the plasma glucose 

concentration.. p V w as set at 165 mL/kg. Al l enrichments were corrected 

forr background enrichments. Reported Ra and Rd represent the mean 

valuess from 90 to 150 minutes of insulin infusion. 

Glucosee oxidation was calculated from V02, VC02 [10]. Non-oxidative 

glucosee disposal was calculated as the difference between total glucose 

disposall  and glucose oxidation. 

Al ll  data for both HIV+L D and controls are presented as median and 

interquart i lee ranges. The differences between HIV+L D subjects and 

controlss were analyzed by the Mann-Whitney test. The differences 
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withinn each group between basal measures and those obtained during 

thee hyperinsulinemic euglycemic clamp were analyzed by Wilcoxon's 

signed-rankk test. We used SPSS (SPSS v. 10.0.7 Inc, Chicago) for 

statisticall  analysis interpreted at an alpha level of 0.05. 
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Resul ts s 

PatientPatient disposition and baseline characteristics (table 1 and table 2) 

Thee HIV+L D subjects were comparable to controls with respect to both 

bodyy mass index,age total body fat and lean body mass (table 1). Median 

fastingg triglyceride concentrations were significantly higher in the 

HIV+L DD group when compared to the healthy controls (3.60 and 0.55 

mmol/1,, respectively (p=0.002)) Al l HIV+L D patients had HIV-1 viral 

loadss below 50 copies/ml at the time of assessment. The mean CD4 cell 

countt was 570 (430-755) cells /mm3. Antiretroviral drug history, details 

off  the regimens used, and body fat changes at enrollment for each of the 

patientss are shown in Table 2. 

Tabl ee 1 Characterististics of HIV positive subjects with lipodystrophy and controls 

HIV++ LP Controls JD 

BMI(kg/m2)) 23.9(21.7-27.0) 22,3(20.8-23.0) ns 

Agee (yr) 44 (40.8-48.0) 36 (32.0 -42.3) ns 

Triglyceridess (mmol/l) 3.60 (2.34 - 4.51) 0.55 (0.37-0.64) 0.002 

leann body mass (%) 82.6 (80.8-85.4) 83.0 (80.6-84.6) ns 

fatt mass (%) 17.5(14.6-19.2) 17.0(15.4-19.5) ns 

BMI:: body mass index, ns: not statistically different, yr: year 
Leann body mass and fat mass measured by body impedance analysisexpressed as 
percentagee from total weight. 
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Tablee 2. Antiretroviral treatment (ART) of all six HIV+LD patients, all previous 
usedd ART and body fat changes 

curren tt  ART regime n 

AZT/3TC/RTV(100 0 
mgg bid) /IDV (800 mg 

bid) ) 

month ss on curren t 
regime n n 

previousl yy  used ART 

AZT/ddl// IDV 

bod yy  fat change s 

accumulationn and 
atrophy y 

d4T/3TC/NFVV (1250 
mgg bid) 

28 8 
accumulationn and 

atrophy y 

d4T/3TC// RTV (400 
mgg bid) /SQV (400 

mgg bid) 
37 7 

accumulationn and 
atrophy y 

d4T/3TC// IDV(800 mg 
tid) ) 

34 4 atrophyy only 

d4T/3TC/RTV(100 0 
mgg bid) / IDV (800 

mgg bid) 
14 4 AZT/ddC/IDVV /NFV 

accumulationn and 
atrophy y 

d4T/3TC/NFVV (1250 
mgg bid) 17 7 RTV/SQV/IDV V 

accumulationn and 
atrophy y 

Iff not mentioned explicitly standard dosage is being used, bid: two times-daily, tid: three times-

daily,, qd: one time daily. ZDV: zidovudine 300 mg bid, 3TC: lamivudine 150 mg bid, 

d4T:stavudinee 40 mg bid, ddl : didanosine 400 mg qd, ddC: zalcitabine 0,75 mg bid, RTV: 

ritonavir,, IDV: indinavir, SQV: saquinavir, NFV: nelfinavir. atrophy: peripheral lipoatrophy, 

accumulation:: central fat accumulation 

Tablee 3 Endogenous glucose production at basal insulin levels and during 
euglycemicc hyperinsulinemic clamp-induced hyperinsulinemia and the relative 
suppressionn of endogenous glucose production in HIV+ patients with 
lipodystrophyy (n=6) and HIV- controls 

Condition n 

Basall insulin concentration 

Hyperinsulinemia a 

Suppressionn of endogenous 

glucosee production (%) 

Endogenouss glucose production 

HIV++ lipodystrophy Controls 

{jmolkg'{jmolkg'11 -min'1 

16.5(13.5-18.3)) 11.2(10.6-12.0) 

8.0(5.1-11.8)) 1.7(1.4-2.0) 

53(61-39)) 85(87-81) 

P P 

0.025 5 

0.004 4 

0.004 4 

Dataa are expressed as median  interquartile ranges 
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EndogenousEndogenous glucose production (table 3) 

Bothh fasting plasma glucose and insulin concentrations in the HIV+L D 

pat ientss compared to controls were not statistically significant different 

(glucosee 5.6 (5.48-5.85) vs. 5.0 (4.95-5.2) mmol/L (p= 0.065); insulin 76.9 

(44.1-123.8)) vs. 39 (34.3-42.3) pmol/L, p= 0.132). During the 

hyperinsulinemicc euglycemic clamp plasma glucose concentrations were 

5.300 (5.21-5.38) and 5.13 (4.98-5.30) mmol/1, and insulin concentrations 

weree 188 (161-205) and 200 (173-211) pmol/L, in patients and controls, 

respectivelyy (differences not statistically significant). 

A tt basal insulin concentrations, endogenous glucose production was 

47%% higher in HIV+L D subjects compared to controls (p=0.025). During 

thee hyperinsulinemic euglycemic clamp endogenous glucose production 

wass suppressed to a lesser extent in HIV+L D patients (by 53 (61-39)% 

inn HIV+L D patients versus 85 (87-81)% in the controls, p=0.004). 
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PeripheralPeripheral glucose metabolism 

(Figure(Figure 2) 

Peripherall  glucose disposal and 

utilizationn are shown in Figure 2. At 

basall  insulin concentrations the 

mediann total glucose disposal was 16.5 

Limol/kg/minn and 11.2 umol/kg/min in 

HIV+L DD and controls, respectively (p= 

0.025).. The median non-oxidative 

glucosee disposal was 10.8 Lunol/kg/min 

inn the HIV+L D group and 4.9 

(unol/kg/minn in the controls (p = 0.004). 

Whenn expressing median basal non-

oxidativee glucose disposal as a 

percentagee of the total disposal this 

wass 71 % in the HIV+L D group, 

comparedd to 41% in the control group 

(p== 0.01). 

Mediann insulin-stimulated total 

glucosee disposal was lower in HIV+L D 

subjectss (20.1 Lunol/kg/min) when 

comparedd to the controls (31.9 

umol/kg/min,p=0.006). . 

Thee hyperinsulinemic clamp increased 

mediann total glucose disposal in both 

groupss compared with the basal period, 

butt by only 27% in the HIV+L D group 

ass compared to 201 % in controls 

(p=0.004).. Median nonoxidative glucose 

disposall  expressed as a percentage of 

totall  disposal was 63 % in the HIV+L D 

group,, while this was 62% in the 

controll  group (p= 0.997). 

Figur ee 2 Basal Clamp p 
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Boxx and whiskers plot of total glucose 
disposal,, oxidative glucose disposal and 
non-oxidativee glucose disposal at basal 
insulinn levels and during euglycemic 
hyperinsulinemicc clamp in HIV+ patients 
withh lipodystrophy (HIV+LD) and 
controlss (control). Data are median and 
interquartilee range; the bars represent 
thee complete range. P values represent 
resultss of Mann Whitney statistics of 
HIV+LDD versus controls. 
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FreeFree fatty acid concentrations 

Plasmaa fatty acid concentrations were higher in HIV+L D subjects: 0.60 

(0.47-0.68)) vs. 0.35 (0.28-0.44) mmol/1 (p=0.024) at basal insulin 

concentrations.. The reduction of plasma fatty acid concentrations by 

insulinn was less in HIV+L D subjects than in controls: 65 (78-51) vs. 85 

(87-84)) %, respectively, (p=0.01) resulting in higher plasma fatty acid 

concentrationss in HIV+L D subjects than in controls: 0.17 (0.12-0.35) vs. 

0.066 (0.05-0.06) mmol/L, respectively (p=0.004) during insulin infusion. 
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Discuss ion n 

Previouss studies have shown that lipodystrophy in HIV infected 

patientss is associated with peripheral insulin resistance using indirect 

indicatorss of insulin sensitivity [1-3]. Our results from the euglycemic 

hyperinsulinemicc clamp, which is considered the "gold standard" for 

assessmentt of insulin sensitivity, extends the results from these 

previouss studies. Endogenous glucose production was measured during 

thee hyperinsulinemic euglycemic clamp by means of stable isotopes to 

preventt an underestimation of insulin mediated glucose disposal. Our 

dataa show that HIV-1 positive men with lipodystrophy have increased 

ratess of post-absorptive glucose production and lipolysis, which is 

reflectedd in higher FFA concentrations. In addition, at insulin 

concentrationss of ~200 pmol/L the endogenous glucose production 

remainedd much higher in HIV+L D patients than in controls, in whom 

thee production was suppressed by 85% a value in accordance with data 

inn l i terature. [11,12] 

Insulinn stimulated oxidative and non-oxidative glucose disposal were 

alsoo reduced in HIV+LD , but this probably reflects decreased 

intracellularr glucose availability as no difference between patients and 

controlss was found when these values were expressed as percentage of 

totall  glucose disposal. Finally, the ability of insulin to reduce plasma 

FFAA levels was decreased. Taken together, these data indicate that HIV 

associatedd lipodystrophy syndrome is characterized by disturbances in 

multiplee pathways of glucose metabolism and in lipolysis, both under 

basall  conditions and during insulin infusion. 

Thee present study compared HIV-1 positive men with lipodystrophy 

treatedd with protease inhibitor-containing highly active antiretroviral 

therapy,, and healthy control subjects with a normal body fat 

distribution.. Thus, the groups differed with respect to being HIV-

infected,, using anti-retroviral therapy as well as the distribution of body 

fat.. We previously demonstrated in the pre-HAART era that insulin 
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sensitivityy in pat ients with symptomatic HIV infection (without active 

ongoingg opportunistic diseases other than Kaposi's sarcoma and without 

wastingg syndrome) was increased rather than decreased [13,14]. 

Thereforee HIV infection per se does not explain the marked insulin 

resistancee demonstrated in the current study. HIV associated 

lipodystrophyy is clearly associated with insulin resistance, but it 

remainss uncertain whether the reduction in insulin sensitivity is caused 

directlyy by certain anti-retroviral drugs and/or by lipodystrophy itself. 

Nevertheless,, both in vitro and in vivo data indicate that certain drugs 

mayy have direct effects on glucose metabolism. The protease inhibitor 

indinavirr impairs insulin signalling in HepG2 hepatoma cells [15]. The 

administrat ionn of indinavir during 4 weeks to healthy HIV- negative 

volunteerss resulted in decreased glucose uptake as documented by 

elevatedd fasting plasma insulin and glucose concentrations, which were 

associatedd with insulin resistance as measured by a hyperinsulinemic 

euglycaemicc clamp [16]. Overt lipodystrophy was not observed in any of 

thesee volunteers. This observation, however, does not exclude the 

possibility,, that certain aspects of the lipodystrophy syndrome itself 

mayy be involved in the induction of insulin resistance, since clinically 

overtt lipodystrophy is expected to be preceded by alterations in overall 

lipi dd metabolism. Our results likewise do not allow to distinguish 

betweenn the effects on insulin sensitivity of antiretroviral therapy 

versuss those of the lipodystrophy syndrome. Carefully conducted 

prospectivee metabolic studies in HIV infected patients initiating 

HAARTT may be able to distinguish between the contribution of therapy 

andd changes in lipi d metabolism per se, towards the induction of insulin 

resistance. . 

Centropetall  obesity is a well-known risk factor for the induction of 

insulinn resistance [17]. Our observation of an increased basal glucose 

productionn together with a diminished suppressive effect of insulin on 

thiss production may be explained by the demonstrated alterations in 

lipolysis.. Fatty acids are known to stimulate glucose production [18]. 

Fat tyy acid concentrations were significantly higher in the HIV+L D 
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patientss compared to the controls during basal conditions, and also 

couldd be suppressed to a lesser extent during hyperinsulinemia. In 

lipodystrophyy the relative contribution of visceral fat to total body fat 

masss is increased, as a result of both a reduced peripheral and 

increasedd visceral fat mass. This redistribution in fat is likely to be 

associatedd with even more pronounced increased fatty acid 

concentrationss in the portal vein of patients with lipodystrophy. I t has 

recentlyy been shown, that FFA infusion directly in the portal vein of 

ratss leads to a decreased suppression of endogenous glucose production 

[19].. Likewise, increased basal glucose production rates and reduced 

suppressionn of endogenous glucose production by insulin were 

demonstratedd in healthy, nonobese subjects artificially exposed to 

elevatedd plasma fatty acid concentrations [20]. 

Nott all the differences observed between patients and controls in our 

studyy can be explained by a difference in plasma fatty acid 

concentrations.. The main determinant of the lower glucose oxidation 

ratee in our patients during the clamp seems to be the diminished 

stimulationn of glucose uptake by insulin. When a correction is made for 

thee differences in glucose uptake between patients and controls, equal 

ratess of glucose oxidation are obtained. This can not be explained by the 

observedd differences in plasma fatty acids, as earlier work by our group 

hass shown that an increase in plasma fatty acids in healthy volunteers 

specificallyy inhibits glucose oxidation, but not glucose uptake during an 

euglycemicc clamp [5]. The changes in lipolysis seen in our patients with 

lipodystrophyy cannot simply be an expression of the metabolic changes 

inducedd by centropetal obesity. In our patients clear-cut resistance to 

thee effect of insulin on lipolysis is shown, whereas in obese HIV-

negativee subjects either no resistance [21] or hyperinsulinemia which 

wass sufficient to overcome the resistance[22] has been reported. 

Inn conclusion, lipodystrophy in HIV-infected men exposed to protease 

inhibitorss is associated with both increased endogenous glucose 

productionn and resistance to multiple effects of insulin. 
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In t roduct io n n 

Combinationn antiretroviral therapy, including protease inhibitors, for 

thee treatment of HIV-1 infected patients has been associated with the 

developmentt of a fat redistribution syndrome (lipodystrophy), which 

mayy include both central fat accumulation and peripheral fat 

wasting[l].. In patients with lipodystrophy severe insulin resistance has 

beenn documented, which is associated with marked increases in plasma 

insulinn concentrations. Insulin is the main inhibitor of lipolysis. In 

patientss with and without lipodystrophy using highly active 

antiretrovirall  therapy (HAART) the postabsorptive concentration of free 

fattyy acids (FFA) is higher and the suppression of FFA concentrations 

byy insulin is inhibited. [2-4] 

Thee natural course of HIV-1 infection is associated with both an 

increasee in whole body lipolysis and an increase in resting energy 

expendituree (REE). [5-8] The cause of these changes is unknown. 

Catecholaminess are the main stimulators of both metabolic processes, 

butt are not increased in HIV-1 infected patients without concomitant 

opportunisticc infection. Moreover, the lipolyti c response to the 

administrationn of epinephrine is normal in such patients.[7] I t is 

unknownn if lipolysis is regulated differently and whether the REE is 

increasedd in HIV-1 infected subjects with lipodystrophy compared to 

patientss without lipodystrophy. To answer these questions, we 

evaluatedd basal REE and lipolysis and the sensitivity of both metabolic 

processess to an epinephrine infusion, resulting in slightly increased, but 

stilll  physiological epinephrine plasma levels, in HIV-infected patients 

withh the lipodystrophy syndrome. We compared these with data 

obtainedd in untreated HIV-1 infected patients without concomitant 

opportunisticc infections. 
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Subjectss and Methods 

Subjects Subjects 

Wee studied nine HIV- 1 positive men with lipodystrophy (LD) who were 

includedd in the 'Reverse' study. This is an ongoing protocol in which 

HIV- 11 infected patients with lipodystrophy are examined for 

reversibilityy of the syndrome when replacing the protease inhibitor 

componentt in their regimen by the nucleoside reverse transcriptase 

inhibitorr abacavir. Pat ients eligible for inclusion in this study have to 

usee a protease inhibitor-containing regimen and have a plasma HIV-1 

RNAA level below 400 copies per millilite r for at least 6 months. Patients 

wit hh diabetes melllitus, defined by a postabsorptive plasma glucose 

concentrationn above 7.0 mmol/1, were excluded[9]. 

Afterr 6 weeks of adding abacavir (300mg, two times daily) to their 

currentt regimen, pat ients were randomized to either discontinue their 

proteasee inhibitors immediately, or continue protease inhibitor use for 

anotherr 12 weeks and then stop. Patients referred for this protocol had 

lipodystrophyy in the opinion of their treating physician. Prior inclusion 

thiss was confirmed by physical examination and by obtaining the 

pat ients'' history by two study physicians. Lipodystrophy was defined as 

thee presence of peripheral lipoatrophy, central fat accumulation or both. 

Al ll  assessments, reported for the LD group, were performed six weeks 

afterr adding abacavir to the current antiretroviral regimen, but prior to 

withdrawall  of protease inhibitors. We included patients who reached 

thiss point between February 2000 and Apri l 2001. In the final analysis, 

onee of the nine patients was excluded, because he had developed a left 

bundlee branch block on EKG, a contraindication for the administration 

off  epinephrine. 

Wee compared the results with those obtained in our hospital in five 

HIV-infectedd patients who were not treated with HAART (HIV) . Al l 

subjectss from the HIV group were weight-stable and did not have any 
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activee opportunistic disease. Patients who had fever (temperature > 

37.55 °C), diarrhoea, renal, hepatic, or endocrine disease, malignancies 

otherr than Kaposi's sarcoma of the skin, weight loss or clinically active 

opportunisticc infection in the two months prior to study entry were 

excluded.. Two out of five patients used zidovudine monotherapy, while 

thee rest were completely therapy naive. The results from this control 

groupp have been published previously. [7] 

Bothh studies were approved by the institutional review board of the 

Academicc Medical Center in Amsterdam. Written informed consent was 

obtainedd from all subjects. 

StudyStudy design 

Thee subjects were admitted to the metabolic clinical research center and 

studiedd in the supine position. Following a 12 hour fast, a catheter was 

insertedd antegrade in a deep antecubital vein of each arm. One catheter 

wass used for sampling of arterialized blood using a heated handbox (60 

°C).. The other catheter was used for infusion of [2Hs]-glycerol (1,6 umol/1 

primingg dose and 0.11 umol/ kg/min), and epinephrine (15 ng/kg/min). 

Afterr blood samples were taken for determination of background isotope 

enrichment,, intravenous infusion of of [2Hs]-glycerol was started and 

continuedd for 120 minutes. Epinephrine (15 ng/kg/min) was infused 

duringg the last 60 minutes of isotope infusion. This specific dose of 

epinephrinee was chosen because it results in adequate stimulation of 

lipolysiss at physiological plasma concentrations of epinephrine. Blood 

sampless were obtained at 45, 50, 55 and 60 minutes of isotope infusion 

too determine basal lipid kinetics and every 5 minutes during 

epinephrinee infusion to determine the lipolyti c response to epinephrine. 

Bloodd samples for hormone concentrations were obtained every 15 

minutess during epinephrine infusion. Blood pressure and heart rate 

weree monitored every 10 minutes. 
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Al ll  samples were put on ice immediately. Plasma was separated by 

centrifugationn at 4 °C within 10 minutes and stored at -20 °C. 

AnalyticalAnalytical procedures 

Sampless for catecholamine analysis were collected in 5 ml glass tubes 

containingg reduced gluthathione and ethyleneglycol-bis-(2-aminoethyl) 

tet raa acetic acid. Plasma epinephrine and norepinephrine 

concentrationss were determined by HPLC (high performance liquid 

chromatography)) and electrochemical detection in controls (HIV) and 

fluorescencee detection in the LD group[10]. Plasma insulin 

concentrationn was determined by a radioimmuno-assay (Insulin RIA 

100,, Pharmacia Diagnostic AB, Uppsala, Sweden, intra-assay coefficient 

off  variation (c.v.): 3-5 %, inter-assay c.v.: 6-9 %, detection limit : 15 

pmol/L). . 

Bloodd for analysis of glycerol enrichment was collected in pre-chilled 

heparinizedd tubes. Isotope enrichment of glycerol in plasma was 

determinedd by gas chromatography-mass spectrometry using an MSD 

59711 system in the HIV group (Hewlett Packard, Palo Alto, CA, USA) 

[11]]  and in the LD group as described previously[12], 

BodyBody composition 

Bodyy composition was measured with a body impedance analyzer (BIA 

1099 Akern, Florence, Italy) the morning before the start of the isotope 

infusionn study. 

IndirectIndirect calorimetry 

Oxygenn consumption (VO2) and CO2 production (VCO2) were measured 

byy indirect calorimetry using a ventilated hood system (Sensormedics 

modell  2900, Anaheim, Ca). VO2 and VCO2 were measured continuously 

duringg the first 30 minutes of glycerol infusion without epinephrine 
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infusionn and during the last 30 minutes of epinephrine infusion. Resting 

energyy expenditure was calculated using formulas for substrate 

oxidationn as proposed by Frayn.[13] 

Calculations Calculations 

Steele'ss equation for steady state conditions as adapted for the use of 

stablee isotopes [14] was used to calculate baseline glycerol Rate of 

appearancee (Ra). During epinephrine infusion, glycerol Ra was 

calculatedd using the Steele equation for non-steady state kinetics. The 

effectivee volume of distribution of glycerol was assumed to be 235 ml/kg. 

Enrichmentt and concentration data obtained during epinephrine 

infusionn were smoothed by spline fitting! 15]  a nd substrate kinetics were 

calculatedd using these smoothed data. 

StatisticalStatistical analysis 

Thee Ra glycerol data derived after spline fitting were analysed using the 

SASS proc mixed procedure (SAS Insti tute Inc, Version 8, Cary, North 

Carolina),, which accommodates repeated measurements. The 'first level 

auto-regressive'' covariate structure appeared to be the most appropriate 

afterr comparing several covariate structures through restricted 

maximumm likelihood calculations. In all initial analyses the explanatory 

variabless were group, time (categorical) and their interaction. For Ra 

glyceroll  an additional model was used to correct the outcome 

measurementss for possible baseline differences. When medians between 

thee two groups were compared the Kruskall Wallis method was used. 

Thee resting energy expenditure results were compared between the two 

groupss using a linear regression model adjusted for the amount of lean 

bodyy mass in kg. The overall level of significance was set at 5%. 
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Resu l ts s 

PatientPatient characteristics 

Thee HIV+L D subjects were comparable to HIV group with respect to 

agee and body mass index, (age 47 (range 36 - 58) years and 53 (range 39 

-64)) years, p= 0.3; BMI 24.9 (17.6-32.2) and 23.3 (range 21.6-26.5), p= 

0.455 in the HIV+L D and HIV-group, respectively).There also was no 

differencee in amount of fat and fat free mass as measured by BIA. (fat 

masss 13.9 (range 7.2-20.8) kg and 16.4 (range 8.5-24.4) kg, p= 0.7; fat 

freee mass 63.5 (range 47.2-84.5) kg and 54.2 (range 50.1 -61.5) kg, p= 

0.066 in the HIV+L D and HIV-group, respectively). Al l LD patients had 

HIV- 11 viral loads below 50 copies/ml at the time of assessment. The 

meann CD4 cell count was 510 cells /mm3 (range 270- 980) in the LD 

groupp and 390 cells /mm3 (range 10- 1130) in the control group (p = 

0.63).. Antiretroviral drug history, details of the regimens used, and 

bodyy fat changes at enrollment for each of the eight LD subjects are 

shownn in the table below. 

Tablee 1 Antiretroviral treatment (ART) of the eight subjects from the LD group, all 
previouss used ART and body fat changes. 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

curren tt  ART 
regime n n 

AZT/3TC/RTV(100 0 
mgg bid) /IDV (800 

mgg bid) 

d4T/3TC/NFV V 
(12500 mg bid) 

d4T/3TC// RTV (400 
mgg bid) /SQV (400 

mgg bid) 

d4T/3TC// IDV(800 
mgg tid) 

d4T/3TC/RTV(100 0 
mgg bid) / IDV (800 

mgg bid) 

d4T/3TC// NFV 
(12500 mg bid) 

d4T// 3TC/ IDV 

d4T/3TC/RTV(100 0 
mgg bid) / IDV (800 

mgg bid) 

month ss on 
curren tt  ART 

2 2 

28 8 

37 7 

34 4 

14 4 

17 7 

22 2 

14 4 

previousl y y 
usedd ART 

AZT/ddl// IDV 

none e 

none e 

AZT/ddC/ / 
IDV/NFV V 

RTV/SQV/IDV V 

AZT T 

none e 

bod yy fat 
change s s 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

atrophyy only 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

Iff not mentioned explicitly 
standardd dosage is being used, 
bid:: twice-daily, tid: three times-
daily,, qd: once daily. ZDV: 
zidovudinee 300 mg bid, 3TC: 
lamivudinee 150 mg bid, 
d4T:stavudinee 40 mg bid, ddl 
didanosinee 400 mg qd, ddC 
zalcitabinee 0,75 mg bid, RTV 
ritonavir,, IDV: indinavir, SQV 
saquinavir,, NFV: nelfinavir. 
atrophy:: peripheral lipoatrophy, 
accumulation:: central fat 
accumulation n 
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ResultsResults in the postabsorptiue state 

Fastingg plasma insulin and norepinephrine concentrations were 

significantlyy higher in the LD group, compared to the HIV group (p = 

0.033 and p= 0.005, respectively). There was no difference in plasma 

epinephrinee concentrations between the groups (Table 2). The 

postabsorptivee rate of appearance of glycerol per kg body weight did not 

differr between the HIV and LD groups (Figure 1), nor was their a 

differencee in the Ra glycerol expressed per kg fat mass between the two 

groups.. There were no differences in systolic and diastolic blood 

pressuree or pulse rate (data not shown). The median basal resting 

energyy expenditure adjusted for lean body mass was 27% lower in the 

LDD when compared with the HIV group (p = 0.002) (figure 2). 

Tablee 2 Plasma hormone concentrations at baseline and after 60 minutes of 
epinephrinee infusion 

LDD HÏV 

t=00 t=60 t=0 t=60 

epinephrinee (nmol/l) 0.09(0.06-0.19) 1.54(1.30-1.70) 0.16(0.10-0.36) 1.32(0.84-1.65) 
norepinephrinee (nmol/l) 1.61(1.10-1.71)* 1.69(1.43-2.38) 0.79(0.67-0.96) 1.13(0.95-1.39) 
insulinn (pmol/l) 105(50-155)" 100(60-200) 42(28-49) 66(35-76) 

Dataa are median and interquartile ranges. * p-value = 0.005 compared to t=0 from control 
group,, ** p-value= 0.03 compared to t=0 from control group.Nmol: nanomol, pmol: picomol 

ResultsResults during epinephrine infusion 

Inn both groups Ra glycerol per kg body weight increased. The response 

overr time in the LD group was delayed when compared to the control 

groupp (p < 0.001) (figure 1). The prox mix model used showed no 

significantt difference in overall response between the two arms, 

indicatingg that the areas under the curve were not different (p = 0.52). 

Thiss same pattern was observed when we compared Ra glycerol 

expressedd per kg fat mass between the two groups (p= 0.52). There was 

noo difference in systolic and diastolic blood pressure over time between 

thee two groups. The pulse rate increased slightly in both groups, but 
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theree was no difference in the response between the groups over time. 

Plasmaa norepinephrine concentrations remained higher in the LD group 

duringg the whole experiment compared to the control group (p = 

0.009)(Tablee 2, figure 3). The REE increased equally by ~ 10% in both 

groupss (p = 0.59). 

Figur ee 1 Total Ra glycerol per kg 
bodyy weight and lipolytic response to 
epinephrine e 
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andd during epinephrine infusion 

2500-, , 

2000--

1500 0 

uii  S. 1000 

basal l adrenaline e 

Figur ee 3 Epinephrine and 
norepinephrinee concentrations 
duringg epinephrine infusion. 
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Discuss ion n 

HAART-relatedd lipodystrophy is associated with subtle changes in 

endocrinee regulation and in substrate and energy metabolism. In a 

previouss study we found that the suppressive effect of insulin on plasma 

FFAA levels was decreased. In the current study basal plasma glycerol 

turnoverr was not decreased in the postabsorptive state despite higher 

insulinn concentrations, also suggesting insulin resistance. In addition 

plasmaa norepinephrine concentrations were increased. The lipolyti c 

responsee to epinephrine was delayed although the qualitative response 

perr se was not affected. Finally, the subjects with lipodystrophy had a 

lowerr REE compared to the HIV-control group. 

Wee previously found that plasma FFA concentrations are increased in 

treatment-naivee HIV-infected patients when compared to healthy 

volunteerss [7] We chose to measure glycerol turnover in the current 

studyy to measure lipolysis more reliably. In the present study, basal 

lipolysiss was not different in HAART treated subjects with 

lipodystrophyy compared to untreated HIV-infected subjects. The 

increasedd rate of basal glycerol turnover found in both groups in our 

study,, when compared to healthy controls in whom we have previously 

shownn that basal lipolysis was significantly lower [7], is similar to that 

previouslyy found in HIV-negative subjects with severe obesity (BMI 39 

kg/m2).[16]]  Just as in our HAART patients, in obesity the lipolyti c 

responsee to epinephrine seems to be delayed when compared to that in 

leann subjects. [17] Moreover, in obese subjects a pancreatic clamp, 

whichh inhibits endogenous insulin production, increases glycerol 

turnoverr by approximately 50%. [18]. The similarity of these findings in 

obesee subjects and our lipodystrophy patients suggest that HAART 

itselff  is not responsible for the delayed response in Ra glycerol. The 

higherr concentrations of insulin found in the HIV+L D group during 

epinephrinee infusion therefore may very well be directly or indirectly 

responsiblee for the observed delayed increase in lipolysis. One other 

importantt factor that might account for the delayed response is a 
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responsiblee for the observed delayed increase in lipolysis. One other 

importantt factor that might account for the delayed response is a 

differencee in the perfusion of visceral adipose tissue between the groups. 

Adiposee tissue blood flow plays an important role in the regulation of 

lipolysis.. [19] There is a difference between the blood flow stimulating 

capacityy of catecholamines in different fat compartments [20]. This 

differencee is influenced by various tissue parameters, such as the size of 

adipocytess and differences in the organization and permeability of the 

connectivee web surrounding the adipocytes. A rise in plasma 

catecholaminess results in an increase in lipolysis and a decrease in local 

bloodd flow[20]. Although never examined in lipodystrophy, one can 

hypothesize,, that an increased size of omental adipocytes and a reduced 

flui dd circulation in the visceral fat compartment may result in a 

decreasedd delivery of epinephrine to the adipocytes and a slower 

appearancee of glycerol in the systemic circulation in subjects with 

lipodystrophy.. The observation that overall lipolysis after 60 minutes of 

epinephrinee infusion was not different in both groups, is compatible 

wit hh such a mechanism both in our HAART patients and in obese 

pat ientss in general. 

Thee lipolyti c response to epinephrine was delayed, which indicates 

impairmentt in the stimulation of hormone sensitive lipase (HSL) by 

epinephrinee in HIV-1 infected patients with lipodystrophy. HSL is 

activatedd by binding of catecholamines to adrenergic receptors (AR) and 

inhibitedd by insulin[21,22]. A differential expression of AR on the cell 

surfacee of adipocytes results in different rates of lipolysis. Binding of 

catecholaminess to p u or 3- AR stimulates lipolysis while simultaneous 

activationn of a2-A R can partly impair this stimulating effect [23,24]. 

Increasedd 012-AR activity in the visceral compartment in HAART-treated 

subjectss with lipodystrophy could therefore account for the delayed 

lipolyti cc response. However this is unlikely because both in patients 

wit hh obesity and patients with the metabolic syndrome the lipolyti c 

responsee of omental adipocytes seems to be enhanced rather than 

decreased.. [25,26]. 
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Onee other interesting finding is the fact that plasma norepinephrine 

concentrationss in the patients with lipodystrophy were almost twofold 

higherr when compared to the controls, which has also been described by 

Renardd ea [27], suggesting increased sympathetic nervous system 

activityy in patients with lipodystrophy. The plasma concentration of 

norepinephrinee reflects the resultant of production in the adrenal 

glands,, (increased production seems an unlikely explanation for the 

increasee in plasma concentration since plasma epinephrine 

concentrationss did not differ at baseline) and the balance between 

releasee and re-uptake in sympathetic nerve endings. Another possible 

explanationn could be a decreased clearance of norepinephrine due to 

competitionn with antiretroviral drugs, which to our knowledge has 

neverr been described. Therefore we believe that the most likely 

explanationn for the increased plasma norepinephrine concentration in 

thee subjects with lipodystrophy is increased sympathetic activity. 

Assumingg this is correct, this could imply that the mechanism 

underlyingg the increased lipolysis in HIV-infection differs in different 

circumstances.. In patients receiving no or inadequate treatment 

withoutt lipodystrophy the mechanism is unknown, but unrelated to 

insulinn or catecholamines. Tumor necrosis factor (TNF) is a good 

candidate,, as it is a stimulator of lipolysis [28] and TNF production is 

increasedd in the natural course of HIV[29,30]. In our study lipolysis was 

similarlyy elevated in both groups indicating that, although the factor 

stimulatingg lipolysis in uncontrolled HIV infection had disappeared, it 

hadd been replaced by another mechanism, possibly a HAART associated 

increasee in sympathetic activity. 

Too our surprise REE normalized in the HIV+L D group despite the 

increasee in plasma norepinephrine concentrations. These data are in 

contrastt with those previously published by Shevitz ea. In a large 

longitudinall  study they found a strong positive correlation between the 

usee of HAART and the REE, independent of HIV-1 RNA levels. 

Howeverr there is no documentation that these subjects were suffering 
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fromm lipodystrophy. [31] We measured fat free mass in both groups using 

BIA .. This could lead to an overestimation of FFM since BIA mainly 

measuress resistance and reactance in the extremities, which is likely to 

bee increased more in the lipodystrophy group since these patients had 

severee lipoatrophy of their limbs. In the lipodystrophy group we did also 

measuree FFM using whole body dual-energy X-ray absorptiometry 

(DEXA)) as a tool to monitor any improvement in body appearance after 

thee protease inhibitor withdrawal. FFM measured by DEXA indeed was 

4.22 kg lower when compared to BIA (p=0.009) in this group with a 97% 

correlationn between the two measurements. Therefore we calculated the 

REEE adjusted for FFM using the DEXA data in the lipodystrophy group 

andd the BIA data in the control group. The linear regression model used 

showedd that REE adjusted for FFM was significantly lower in the 

lipodystrophyy group when compared to the controls (p=0.002). 

Takenn together these data suggest that HIV-lipodystrophy counteracts 

thee HAART-associated hypermetabolic state, which is already known to 

bee elevated by HIV-infection. The absence of an increase in REE despite 

ann increased sympathetic activity could be explained by selective 

sympatheticc stimulation of the adipose tissue, as this organ contributes 

littl ee to basal REE. 

I nn summary, basal lipolysis in patients with lipodystrophy was not 

differentt when compared to patients with no (adequate) antiretroviral 

therapyy in the presence of increased plasma insulin concentrations, 

indicatingg lipolysis to be resistant to the suppression by insulin. The 

lipolyti cc response to epinephrine infusion in patients with lipodystrophy 

wass normal albeit delayed. Plasma norepinephrine concentrations were 

increasedd in pat ients with lipodystrophy, indicating increased 

sympatheticc activity. The fasting REE was lower and remained lower 

duringg epinephrine infusion in the patients with lipodystrophy. This 

suggestss that HAART-associated lipodystrophy as a result of 

concomitantt sympathetic stimulation of adipose tissue has only minor 

effectss on changes in lipolysis induced by HIV infection itself, but 

normalizess REE. 
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In t roduct io n n 

Losss of subcutaneous fat (lipoatrophy) in the face, extremities, and 

buttocks,, together with intra-abdominal and sometimes dorsocervical 

fatt accumulation, is an important, potentially stigmatizing, adverse 

effectt associated with antiretroviral t reatment for HIV-1 infection. 

Apartt from changes in body fat distribution, this lipodystrophy 

syndromee often includes the presence of dyslipidemia and insulin 

resistance.. [1] 

Increasingg evidence suggests that both protease inhibitors (PI) and 

nucleosidee analogue reverse transcriptase inhibitors (NRTI) contribute 

too the pathogenesis of the syndrome. [1-8] In addition, immune recovery 

resultingg from suppression of HIV-1 infection may also be involved. [9] 

NRTIss inhibit DNA polymerase-y, the key cellular enzyme regulating 

mtDNAA replication. They may thereby aggravate any prior deleterious 

effectt on mitochondrial DNA content and possibly function resulting 

fromm HIV-1 itself, which has been suggested to occur in peripheral blood 

mononuclearr cells (PBMC) obtained from patients and in tissue 

culture.[10-12]]  The various individual NRTIs markedly differ in their 

capacityy to inhibit mtDNA replication and mitochondrial function both 

inn tissue culture and animal models. [10,11,13,14] Recently, we and 

otherss have hypothesized that NRTIs may contribute to the onset of 

lipoatrophyy by inducing mtDNA depletion within peripheral adipocytes, 

ultimatelyy resulting in mitochondrial dysfunction and apoptosis of these 

cells.. [15,16] 

Severall  observational cohort studies [3,5,7], have indeed demonstrated 

thee prevalence of lipodystrophy, and particularly lipoatrophy, to be 

higherr in patients on stavudine (d4T)- compared to zidovudine (ZDV)-

containingg antiretroviral therapy. Similar results have been reported 

forr patients assessed long-term after randomization to either d4T- or 
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ZDV-basedd therapy.[17,18] All of these findings were based solely on 

clinicall  assessment of lipodystrophy by treating physicians. 

AA number of cross-sectional studies have reported mtDNA content of 

subcutaneouss fat biopsies to be lower in patients currently receiving 

NRTIss [19], and in particular dideoxynucleosides [20], than in those not 

currentlyy on NRTIs, as well as in patients with as compared to without 

clinicall  lipoatrophy. [20-22] One study showed that mtDNA content was 

lesss in peripheral adipocytes from patients currently using d4T than in 

thosee on ZDV.[23] Similar relationships have thus far not been 

demonstratedd in PBMC [20,24,25]. 

Wee comprehensively assessed the presence of lipodystrophy by both 

standardizedd clinical and radiographic means, in all traceable and 

consentingg patients several years after their participation in a 

randomizedd open-label comparative trial of first-line combination 

t reatmentt with d4T or ZDV both in combination with lamivudine (3TC). 

Employingg a novel technique for quantification of mtDNA, mtDNA 

contentt was assessed both in PBMC and in subcutaneous adipose 

t issue. . 
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Studyy des ign and part ic ipant s 

Al ll  patients in the current study had originally participated in an open 

labell  randomized controlled trial in treatment naive patients of 

standardd dose ZDV plus lamivudine (3TC) versus d4T plus 3TC, for 24 

weekss with a subsequent extension to 72 weeks, the results of which 

havee been previously published. [26,27] If plasma HIV-1 RNA at week 8 

wass found to be above 500 copies/ml, indinavir 800 mg tid could be 

addedd to the regimen from week 12 onwards. Two of the forty-seven 

randomizedd patients withdrew informed consent prior to the start of 

treatment.. Recruitment into the original study lasted from July 1996 

untill  March 1997. 

Patientss were eligible to participate in the current cross-sectional study 

iff  they had started randomly allocated study medication in the past. Al l 

tr iall  participants who could be traced were approached for participation 

regardlesss of current and past treatment. Clinical assessment was 

performedd by one study physician (MvdV) who was blinded both for the 

patient'ss current and past antiretroviral t reatment history, and for any 

historyy of changes in body appearance since the initiation of treatment. 

Thee study was conducted at and approved by the institutional review 

boardd of the Academic Medical Center in Amsterdam. Al l subjects 

providedd written informed consent. 

Assessments s 

BodyBody appearance and composition 

Thee study physician completed a standardized questionnaire to assess 

thee distribution of fat in different body regions (face, neck, arms, legs, 

buttocks,, breasts and abdomen), scoring each on a seven-point scale, 

goingg from very thin (1), thin evident to others (2), moderately thin, only 

visiblee if closely looked for (3), normal (4), moderately thick, only visible 

iff  looked for (5), thick evident to others (6), and very thick (7). Fat 
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accumulationn was defined to be present if either the neck, breasts or 

abdomenn were scored as thick or very thick (code 6 or 7). Similarly, 

lipoatrophyy was judged to be present when legs, arms, buttocks or face 

weree scored as thin or very thin (code 1 or 2). A patient was considered 

too have clinical lipodystrophy if fat accumulation and/or lipoatrophy as 

definedd above were present. In addition the presence of lipodystrophy 

wass also assessed according to a recently published lipodystrophy case 

definition.. [28] 

Waistt and hip circumference and skin fold thickness were measured at 

fourr sites (biceps, triceps, subscapular and suprailiacal) using a Holtain 

LTD CC Skinfold Caliper . Total and regional fat mass was quantified by 

dual-energyy x-ray absorptiometry (Hologic QDR-4500W, software 

versionn whole body v8.26A: 5) providing a quantitative assessment of 

peripherall  and truncal fat mass in kilograms. The ratio between 

peripherall  fat mass, defined as the sum of arm and leg fat, and total fat 

masss (total fat mass minus head fat) was calculated to adjust for 

differencess in body weight. A standardized single slice abdominal CT-

scann through the level of the fourth lumbar vertebra was performed 

fromm which the surface of total (TAT), visceral (VAT) and subcutaneous 

adiposee tissue (SAT) was determined and expressed in square 

centimeterr (cm2). The ratio between SAT: TAT was calculated to assess 

fatt distribution. 

Adherence Adherence 

Adherencee to antiretroviral medication was assessed by a self-report 

questionnaire,, as described previously. [29] 
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MitochondrialMitochondrial DNA quantification 

Nucleicc acids were isolated using the Boom method [30] from viably 

frozenn PBMC and from snap frozen subcutaneous fat biopsies, taken 

fromm the inner side of the right thigh and from the lumbar region of the 

back,, using a 4 millimeter punch biopsy needle. Prior to isolation of 

nucleicc acids PBMC were microscopically checked for contamination 

withh platelets. Using standard procedure for isolation of PBMC from 

heparinizedd blood the contamination with platelets was less than 5 

plateletss per PBMC, a level that does not alter the result of mtDNA 

quantification.. [31] Isolated nucleic acids equivalent to 3,000 cells were 

usedd as input in the amplification reaction. The amplification of both 

mtDNAA and nuclear DNA (nDNA) was performed by a real-time duplex 

Nucleicc Acid Sequence-Based Amplification (NASBA) in a single tube. 

[32,33]]  Detection of the amplification products occurred real-time by the 

usee of mitochondrial and nuclear specific molecular beacons in a 

thermostatedd fluorimeter. Reactions with mixtures of plasmids 

containingg mtDNA and nDNA in different ratios, equivalent from 20 to 

8000 copies of mtDNA per cell, were used for calibration. The mtDNA 

contentt of each sample was expressed as the number of copies of 

mtDNAA per cell (Retina™ Mitox assay, Primagen, Amsterdam, the 

Netherlands). . 

Mitochondriall  DNA was also assessed in PBMC, which had been 

obtainedd and cryopreserved in the past from all patients prior to their 

enrolmentt into the original trial. 

Stat ist icall  analysis 

Thee principle of intention-to-treat was applied in the analysis. The 

cumulativee exposure to PI as a class, and to NVP was calculated for 

eachh patient, and expressed as cumulative exposure to either in months. 
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Al ll  results listed in table 1 are compared between the treatment arms 

usingg a two-sided Student's T-test with the exception of the number of 

pat ientss in each arm exposed to PI and nevirapine, respectively, in 

whichh a Fisher's exact test was used. The presence of lipoatrophy as 

assessedd by questionnaire, and lipodystrophy according to the 

lipodystrophyy case definition, was compared between treatment arms 

wit hh the Chi-square test. 

Forr the analysis of mtDNA in PBMC and adipose tissue results were 

logarithmicallyy transformed in order to obtain normal distributions. 

Correlationn coefficients were calculated and expressed as r2 to evaluate 

anyy relation between mtDNA in PBMC or fat biopsies on the one hand, 

andd the percentage peripheral fat by DEXA scan as well as the ratio of 

subcutaneouss adipose tissue (SAT) over total adipose tissue (TAT) by 

CT-scan,, on the other hand. Al l results are expressed as medians and 

interquart i lee ranges (IQR). 

Rolee of th e fund in g source 

Thee funding source of the study had no role in study design, data 

collection,, data analysis, data interpretation, or in the writing of the 

report. . 
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Results s 

PatientPatient characteristics and treatment disposition 

Twenty-eightt of the 45 patients who had started randomized treatment 

inn the past could be enrolled. Seven patients had moved and could not 

bee traced (5 patients from the ZDV- and 2 from the d4T-arm) and 10 did 

nott consent to the current protocol (7 patients from the ZDV- and 3 from 

thee d4T-arm). At the time of randomization those participating in the 

currentt study did not differ with respect to gender, age, BMI , CD4-cell 

countt and plasma HIV-1 RNA from patients not presently participating 

(dataa not shown). Seventy-seven percent of those randomized to d4T (n 

== 17) participated in the current study as compared to 48% of patients 

randomizedd to ZDV (n = 11) (p=0.04). These two latter groups of 

patientss did not differ significantly in age, BMI , CD4-cell count and 

HIV- 11 RNA viral load at the time of enrollment in the original trial 

(d4T-vs.. ZDV: median age 40 (34 - 51) vs. 36 years (32-46); BMI 23.0 

(21.33 - 24.2) vs. 23.2 kg/m2 (21.6 - 24.4): CD4 - cell count 400 x 106 (260 

-- 440) vs. 300 x 106 cell/mm3 (250 - 420), and HIV-1 RNA 5.0 (4.3 - 5.1) 

vs.. 5.0 logio copies/ml (4.4 - 5.1). Al l patients were clinically stable at 

thee time of the current assessment. 

Inn the d4T-arm the median cumulative exposure to d4T was 51 months. 

Inn 15 of the 17 patients treatment had been intensified with a protease 

inhibitorr (PI). Two of the 17 patients in the d4T-arm continued 

treatmentt with just d4T/3TC and maintained adequate virus 

suppression.. One of the patients in the d4T-arm, 11 months prior to the 

currentt study, switched to a ZDV-based regimen because of 

lipodystrophyy following 47 months of t reatment with d4T. At the time of 

thee current assessments 9/15 patients in the d4T-arm were still 

receivingg a Pi-based regimen. In 5/15 of the other patients their PI had 

beenn replaced by the non-nucleoside reverse transcriptase inhibitor 

(NNRTI)) nevirapine for a median duration of 24 months. The one 
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remainingg pat ient discontinued all antiretroviral t reatment 26 months 

priorr to the current assessment. 

Figur ee 1 Histogram of complete antiretroviral treatment history of all 28 patients from 
thee time of randomisation in the original clinical trial until inclusion in the current cross-
sectionall study. 
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lipodystrophyy according to lipodystrophy case definition study. Rx: antiretroviral treatment. 
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I nn the ZDV-arm (n= l l ) the median cumulative exposure to ZDV was 50 

monthss (p = 0.34 when compared to the cumulative d4T-exposure in the 

d4TT arm). In all 11 patients treatment was intensified with a PL Two of 

thee 11 patients in the ZDV-arm switched to a d4T-based regimen after 

100 and 31 months of exposure to ZDV, respectively. At the time of the 

currentt assessment 3/11 patients were being treated with a Pi-based 

regimen.. The 8 remaining patients had replaced their PI by nevirapine 

(pp = 0.05 when compared to the d4T arm) a median of 19 months prior 

too being assessed for the current study. One of these 8 patients 

discontinuedd all antiretroviral therapy 2 months prior to the current 

study.. The complete treatment history of all patients is shown in figure 

1. . 

BodyBody appearance, body composition and metabolic assessments (Table 1) 

Byy questionnaire, 14 out of 17 patients (82%) originally randomized to 

thee d4T-arm were considered to have lipoatrophy, compared to only 1 

outt of 11 patients (9%) in the ZDV-arm (p = 0.0001). Two of the patients 

wit hh lipoatrophy in the d4T-arm compared to none in the ZDV-arm were 

alsoo scored as having fat accumulation. None of the patients were 

judgedd to have lipodystrophy solely because of fat accumulation without 

lipoatrophy.. Similarly, when using the recently published lipodystrophy 

casee definition, significantly more patients allocated to d4T were scored 

ass having lipodystrophy. (88% vs. 45%, p = 0.03). The presence or 

absencee of lipodystrophy according to both methods is shown for each 

individuall  patient in figure 1. With respect to patients in whom Pis had 

beenn replaced by nevirapine, all 5 patients in the d4T arm were scored 

ass having lipoatrophy, compared to only one of 8 patients in the ZDV-

arm. . 

Pat ientss randomized to the d4T- arm had both significantly less 

peripherall  fat by DEXA scan (p= 0.005), and less SAT CT-scan (p = 

0.04).. Consistently, they also had lower peripheral over total fat 

(p=0.04)) ,lower SAT/ TAT ratios (p = 0.005), and smaller skin-folds by 
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antropometryy at the level of the biceps and triceps (p = 0.002 and p = 

0.02,, respectively). There was no relation between the cumulative 

exposuree to PI and NVP, respectively, (figure 2) and the amount of 

peripherall  fat by CT- and DEXA-scan. Treatment adherence did not 

differr significantly between patients in the two groups, (data not 

shown). . 

Figur ee 2 Assessment of peripheral fat both by DEXA and CT scan in relation to 
cumulativee exposure to protease inhibitor (PI) and nevirapine (NVP), respectively 
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SAT:: subcutaneous adipose tissue; TAT: total adipose tissue; %: percentage; CT scan data 
availablee from 16 patients in the d4T arm and 11 in the ZDV arm 
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Tablee 1: Body appearance, body composition and metabolic assessments of 
participantss from current study 

Agee (yrs) 

BMII (kg/m2) 

Patientss still on randomized NRTI 
backbone(n) ) 

-- cum. exp to d4T (months/pt.) 

-- cum. exp. to ZDV (months/pt.) 

Patientss exposed to Pis (n) 

-- cum. exp. to Pis (months/pt.) 

Patientss exposed to NVP (n) 

-cum.. exp. to NVP (months / pt.) 

%% pt. HIV-1 RNA <50 c/ml 

CD4-celll count (x106 /mm3) 

Platelett count (x 109/l) 

Noo (%) pt with lipodystrophy 
accordingg to questionnaire 
Noo (%) pt with lipodystrophy 
accordingg to case def score 

Waistt to Hip ratio 

bicepss circumference (mm) 

tricepss circumference (mm) 

suprailiacall circumference (mm) 

Subscapularr circumference (mm) 

SATT (cm2) 

VATT (cm2) 

SAT:TAT T 

peripherall fat in kg (DEXA) 

peripherahtotall fat (DEXA) 

%% total fat DEXA 

mtDNAA content / cell in 
PBMCC at baseline 

mtDNAA content / cell in 
PBMCC current study 

mtDNAA content / cell in 
fatt biopsies from the back 

mtDNAA content / cell in 
fatt biopsies from the leg 

lactatee (mmol/l) 

D4T-arm(nn = 17) 

444 (39 - 55) 

22.8(21.8-23.8) ) 

15 5 

511 (49-54) 

11 1 

15 5 

455 (24 - 48) 

5 5 

24(17-25) ) 

71% % 

690(510-780) ) 

226(176-242) ) 

14(82%) ) 

15(88%) ) 

0.94(0.91-0.97) ) 

411 (36-46) 

522 (44 - 65) 

811 (68- 101) 

142(118-158) ) 

755 (54 - 95) 
(n=16) ) 

142(91-208) ) 
(n=16) ) 

0.35(0.30-0.44) ) 
(n=16) ) 

2.4(1.9-3.2) ) 

0.33(0.27-0.38) ) 

13.2(12.6-16.8) ) 

3622 (300 - 464) 

96(84-118) ) 

5711 (440 - 760) 
(nn = 15) 

488(3877 - 748) 
(n=15) ) 

1.3(1.0-1.9) ) 

ZDV-arm(n=11) ) 

400 (37 - 50) 

23.0(21.0-24.7) ) 

8 8 

322 (22 - 43) 

500 (45 - 53) 

11 1 

311 ( 21 - 53) 

8 8 

19(17-26) ) 

64% % 

620(450-710) ) 

219(202-259) ) 

11 (9%) 

55 (45 %) 

0.955 (0.93-1.04) 

600 (44 - 75) 

733 (58 - 94) 

146(1111 -186) 

132(105-191) ) 

1311 (105-149) 

136(78-202) ) 

0.50(0.411 -0.62) 

4.8(3.2-6.3) ) 

0.377 (0.34 - 0.49) 

18.4(14.0-25.7) ) 

3222 (248 - 452) 

120(108-147) ) 

7077 (542 - 802) 
(nn = 8) 

7022 (599 - 748) 
(nn = 8) 

1.11 (0.7-1.3) 

p-value e 

0.4 4 

0.98 8 

0.51 1 

0.05 5 

0.7 7 

0.4 4 

0.44 4 

0.0001 1 

0.03 3 

0.42 2 

0.002 2 

0.02 2 

0.001 1 

0.28 8 

0.04 4 

0.48 8 

0.005 5 

0.005 5 

0.04 4 

0.17 7 

0.39 9 

0.02 2 

0.23 3 

0.12 2 

0.34 4 

d4T:: stavudine; ZDV: zidovudine; n: number of participants; yrs: years; kg: kilogram; m2: meter square; cum. 
exp.:: cumulative exposure; pt: patient; c/ml: copies per milliliter; mm3:cubic millimeter; mmol/l: millimol per 
liter;; fat ace: fat accumulation; mm: millimeter; SAT: subcutaneous adipose tissue; cm2: square centimeter; 
VAT:: visceral adipose tissue; TAT: total adipose tissue; SAT:TAT:the ratio of SAT over TAT; kg: kilogram; 
DEXA:: dual-energy x-ray absorptiometry; mtDNA: mitochondrial DNA; PBMC: peripheral blood mononuclear 
cells:: mmol/l: millimol per liter; t: time; min.: minutes; pmol/l: picomol per liter; Results expressed as medians 
withh interquartile ranges. 
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MitochondrialMitochondrial DNA 

Thee median mtDNA content in PBMC cryopreserved prior to initiation 

off  antiretro viral therapy did not differ between treatment arms for 

patientss included in the current study, (table 1) Likewise, at 

randomisationn there was no difference in PBMC mtDNA content 

betweenn patients who were and were not included in the current study 

(dataa not shown; p =0.97). In both arms mtDNA in PBMC at the time of 

thee present study was significantly lower compared to before the start of 

treatment.. In the d4T arm the calculated proportional mtDNA decrease 

inn PBMC was significantly greater when compared to the ZDV arm 

(73%% (67-79) versus 63% (56 -73), p =0.01, respectively), resulting in 96 

copies/PBMCC in the d4T arm and 120 copies/PBMC in the ZDV arm (p = 

0.02).. The amount of mtDNA per cell in the subcutaneous adipose tissue 

biopsiess taken both from the thigh (p=0.12) and back (p=0.23) did not 

differr significantly between the d4T- and the ZDV-arm. The patients 

withh -as opposed to those without- lipoatrophy according to our 

questionnaire,, had significantly lower mtDNA content in PBMC (p = 

0.002),, but not in subcutaneous fat biopsies taken from either the thigh 

orr back (Figure 3). 

AA significant, but modest, inverse relation was found between the 

amountt of mtDNA in PBMC (r2 = 0.30, p = 0.003) as well as in biopsies 

fromm the thigh (r2 = 0.31, p = 0.007), but not from the lower back, on the 

onee hand, and the severity of lipoatrophy assessed by CT-scan 

(SAT/TAT)) on the other hand. Similar relations both for PBMC (r2 = 

0.15,, p = 0.04) and thigh biopsies (r2 = 0.17, p = 0.049) were observed 

whenn fat distribution was assessed by DEXA scan and expressed as the 

percentagee peripheral of total body fat. 

Thee mtDNA content in PBMC correlated significantly with mtDNA 

contentt in the biopsies taken from the back (r2 = 0.36, p = 0.002), but not 

withh those taken from the thigh (r2 = 0.076, p = 0.2). There was no 

significantt relation between mtDNA content of fat biopsies taken from 
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thee thigh and back, respectively (r2 = 0.14, p = 0.08). 

Figur ee 3 Mitochondrial DNA content in PBMC, as well as in thigh and back 
subcutaneouss adipose tissue biopsies at the time of the current study, both according 
too randomly allocated treatment and according to the presence or absence of 
lipoatrophyy as determined by standardized questionnaire 
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Subcutaneouss fat biopsies from the thigh and back were available from 15/17 patients in the d4T arm 
andd from 8/11 patients in the ZDV-arm. 
PBMC:: peripheral blood mononuclear cells; leg: subcutaneous fat biopsies taken from the thigh; back: 
subcutaneouss fat biopsies taken from the lumbar region of the back; d4T: stavudine; ZDV: zidovudine; 
y-axiss mitochondrial DNA copies per cell; atrophy: the presence of lipoatrophy according to the 
questionnaire. . 
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Discuss ion n 

Previouss studies have found NRTIs to contribute to the development of 

ART-associatedd lipodystrophy, and lipoatrophy in particular. These 

reportss were based on assessment of changes in body appearance by 

physicianss and patients. [1-8,17,18] In most of these studies, the use of 

stavudinee was associated with a greater risk of developing lipoatrophy, 

whenn compared to that of zidovudine. Our study confirms these 

observationss in a group of patients who on average 4 years before had 

beenn randomly allocated to initiate antiretroviral t reatment containing 

stavudinee or zidovudine, and who at the time of assessment had been 

exposedd for the same length of time to either of these two NRTIs. A 

singlee physician, blind to patients' prior and current antiretroviral 

t reatmentt history, judged significantly more patients allocated to 

stavudinee as having lipodystrophy and more specifically lipoatrophy. 

Importantly,, clinical judgement was confirmed by objective 

measurementss of body fat distribution. DEXA- and CT-scan both 

demonstratedd patients who had been randomized to stavudine- as 

opposedd to zidovudine-containing therapy to have significantly less 

peripherall  fat, both in absolute terms and when measured relative to 

totall  body fat. The difference between patients allocated to stavudine or 

zidovudinee was likewise noted when patients were assessed according to 

aa recently published validated case definition of lipodystrophy [28]. 

Interestingly,, when using this definition more patients (5 on zidovudine 

butt only one on stavudine) were scored as having lipodystrophy than 

whenn judged by one of the participating physicians (MvdV). This may 

implyy that the validated case definition has a greater ability to diagnose 

patientss with lipodystrophy of lesser severity. Our finding that this 

appliedd particularly to patients on zidovudine seems to be consistent 

withh recently presented results from two prospective longitudinal 

studiess showing that objectively measured loss of peripheral fat is a 

graduallyy progressive phenomenon, which does occur both in patients 

onn zidovudine- and stavudine-containing ART, but is less severe and of 

slowerr onset in the former. [34,35] 
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Lipoatrophyy severity, assessed both by DEXA- and CT- scan, showed a 

statisticallyy significant inverse correlation with the mtDNA content in 

subcutaneouss adipose tissue from the thigh and in PBMC. This could 

bee interpreted as evidence that NRTI-induced mitochondrial DNA 

depletionn of adipose tissue is causally linked to the development of 

lipoatrophy.. However, both in view of the modest correlation observed 

andd the lack of a significant difference in mtDNA content of adipose 

t issuee from a clinically markedly affected site such as the thigh between 

pat ientss with or without lipoatrophy, one could also argue that any such 

causall  relationship could at most be partial. Similar reasoning may be 

appliedd when interpret ing the lack of difference in mtDNA content of 

adiposee tissue from patients allocated to stavudine or zidovudine, in 

spitee of the lipoatrophy prevalence being highly significantly different 

betweenn both groups. Differing from our results, two studies did report 

aa lower mtDNA content of adipose tissue in patients with as opposed to 

thosee without lipodystrophy. [19,22] Those findings may however have 

beenn biased by the fact that in both studies patients with lipodystrophy 

hadd been exposed significantly longer to NRTIs than those without 

lipodystrophy. . 

I nn contrast to what was found in adipose tissue, the mtDNA in PBMC 

wass significantly lower, both in those with compared to without 

lipoatrophyy (p=0.002) and in those allocated to stavudine as opposed to 

zidovudinee (p=0.02). MtDNA in PBMC had decreased significantly in 

bothh treatment groups compared to before the initiation of 

antiretrovirall  therapy, with the proportional decrease from baseline 

beingg 73% for patients on stavudine versus 63% on zidovudine (p=0.01). 

Ourr study has several possible limitations. First, the cross-sectional 

naturee does not allow an assessment of changes in either fat 

distributionn or mtDNA content of adipose tissue from before treatment. 

Second,, only 62% of patients recruited into the original clinical trial 

weree included in the current study. They did however not differ 
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significantlyy before the start of t reatment from those not presently 

includedd with respect to demographic characteristics and markers of 

HIV- 11 disease progression. Furthermore, more patients were included 

whoo had originally been allocated to stavudine than to zidovudine (77 

versuss 48%). This difference however largely resulted from more 

patientss in the ZDV-arm having moved who thereby could not be traced 

(21%% versus 9% in the d4T - arm). Third, more patients in the d4T-arm 

maintainedd the PI in their regimen and did not switch to nevirapine, as 

comparedd to those in the ZDV-arm (p =0.05). In view of earlier reports 

suggestingg that Pis as a class are involved in the development of 

lipodystrophy[1,4,5,7],, this could have contributed to the difference in 

lipodystrophyy prevalence observed between both patient groups. There 

wass however no significant difference in the median duration of 

exposuree to Pis between the two patient groups, and no relation was 

demonstratedd between the duration of exposure to either PI or NVP and 

peripherall  fat mass assessed by CT- and DEXA-scan (Figure 2). 

Nevertheless,, given the cross-sectional nature of the study we cannot 

rulee out that the different degree of replacing PI by NVP may have 

contributedd to the difference in lipoatrophy observed between both 

groups.. However, the finding that all 5 patients in the d4T-arm who 

replacedd PI by nevirapine were judged to have lipoatrophy as compared 

too only one of 8 patients in the ZDV-arm, does support the notion that 

d4TT is associated with a higher risk of lipoatrophy development than 

zidovudine.. Finally, mtDNA was assessed in subcutaneous adipose 

tissuee samples without the prior removal of cells other than adipocytes, 

includingg stromal and vascular cells. The relative abundance of such 

cellss together with the proliferation of mitochondria within remaining 

adipocytess in subcutaneous adipose tissue from patients on stavudine, 

ass recently reported by Nolan et al[23], may have confounded the 

assessmentt of mtDNA content within actual adipocytes in our study. 

Inn conclusion, our study in a group of patients who had been randomly 

allocatedd to treatment provides objective confirmation for regimens 

containingg stavudine to be associated with a greater risk of lipoatrophy 
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comparedd to those containing zidovudine. They also indicate that 

mtDNAA depletion in PBMC and lipoatrophy are likely to both be NRTI-

associatedd phenomena, and to generally be more severe in patients on 

stavudine.. The lack of observing a significantly reduced mtDNA content 

inn adipose tissue from patients allocated to stavudine and from those 

wit hh lipoatrophy may have been confounded by a relative 

preponderancee of stromal-vascular tissue in the subcutaneous tissue 

sampless from these patients, combined with compensatory 

mitochondriall  proliferation in their remaining fewer adipocytes. 

Preferentiall  mitochondrial DNA depletion within adipocytes of patients 

onn stavudine having undergone apoptosis thereby resulting in 

lipoatrophyy may thus have been masked. 

However,, our results may also indicate that the difference in risk of 

l ipoatrophyy between NRTIs may not solely be explained by differences 

inn mitochondrial DNA depletion directly at the level of peripheral 

adiposee tissue. 
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effectseffects of PI discontinuation on glucose and lipid metabolism 

I n t r o d u c t i on n 

Theree have been numerous reports on the emergence of metabolic 

disturbancess related to antiretroviral t reatment of HIV-1 infection. [1-5] 

Thesee involve a lipodystrophy syndrome consisting of peripheral fat loss 

withh or without central fat accumulation, hyperlipidemia and 

disturbancess in glucose metabolism. Both nucleoside reverse 

transcriptasee inhibitors (NRTIs) and the protease inhibitors (Pis), have 

beenn implicated in the pathogenesis of the syndrome. [1-4,6-9] 

Lipodystrophyy HIV-1 infected patients using Pis have severe insulin 

resistancee with respect to the peripheral uptake of glucose. 

Furthermore,, fasting glucose production was increased and there was 

hepaticc insulin resistance with respect to the suppressive effects of 

insulinn on glucose production, compared to both healthy volunteers and 

too untreated HIV-1 infected patients [10-14]. Administration of a single 

dosee of the PI indinavir to healthy volunteers resulted in an acute, but 

transient,, decrease in insulin sensitivity. [15] 

Accordingly,, in vitro experiments have undisputedly shown that certain 

off  the Pis impair glucose transport by the inhibition of the intrinsic 

activityy of the glucose transporter GLUT-4.[16,17] The effect of the 

withdrawall  of Pis on glucose metabolism in HIV-1 infected patients 

withh LD, who have been long-term exposed to Pis has not been precisely 

delineated.. Two small studies using either fasting plasma glucose, 

insulinn or an intravenous insulin tolerance test have reported an 

improvementt [18,19], whereas another study reported no changes in 

glucosee metabolism [20]. With respect to whole body lipolysis glycerol 

turnoverr in patients with lipodystrophy using Pis is increased to the 

samee extent as in untreated HIV-1 infected patients.[12,21] No studies 

havee yet described the effects of PI withdrawal on lipolysis. 

Inn addition to direct effects of Pis on glucose metabolism 

maldistributionn of fat is likely to have direct effects on glucose 
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metabolism,, as was clearly demonstrated in HIV-1 uninfected patients 

sufferingg from congenital lipodystrophy syndromes. [22] Moreover, in a 

severee lipoatrophic insulin-resistant murine model the subcutaneous 

implantat ionn of autologous fat resulted in an almost complete reversal 

off  insulin resistance.[23] 

Therefore,, an important question in HIV-associated lipodystrophy 

concernss the extent to which Pis per se contribute to the disturbances in 

glucosee metabolism once treatment-induced changes in fat distribution 

havee been established. In order to answer this question, we conducted a 

prospectivee study in HIV- 1 infected patients with severe lipodystrophy, 

who,, at the time of inclusion, were using Pi-based therapy. The 

differentt components of glucose metabolism as well as lipolysis were 

evaluatedd by hyperinsulinemic glucose clamp both prior and 96 weeks 

followingg the replacement of the P is in their regimen by the NRTI 

abacavir.. Furthermore, any changes in fat distribution were objectified 

byy DEXA and CT scan. 
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Subjectss and Methods 

HIV- 11 positive men with lipodystrophy were studied, who were included 

inn the 'Reverse' study. The main objective of this study was to assess the 

reversibilityy of the various components of the lipodystrophy syndrome in 

HIV- 11 infected patients following replacement of the Pi-component in 

patients'' antiretroviral regimens by the nucleoside reverse transcriptase 

inhibitorr abacavir. Patients could be referred for the study if they had 

lipodystrophyy in the opinion of their t reat ing physician. Prior to being 

includedd this had to be independently confirmed by two of us (MvdV; 

PR)) based on medical history and physical examination. Lipodystrophy 

wass defined as the presence of peripheral lipoatrophy, central fat 

accumulationn or a combination of both. Furthermore, patients had to 

usee a Pi-containing regimen with a plasma HIV-1 RNA level having 

beenn below 400 copies per millilitr e for at least 6 months. Patients with 

diabetess mellitus, defined as having a fasting glucose concentration 

abovee 7.0 mmol/1, were excluded. [24] 

Sixx weeks after having added abacavir (300mg, two times daily) to their 

currentt regimen, patients were randomized to either discontinue their 

PII  immediately, or continue these for another 12 weeks and then stop. 

Att five timepoints during the course of the study an euglycemic 

hyperinsulinemicc glucose clamp was performed (at the time of 

randomisationn = week 0 and 12, 36, 72 and 96 weeks following the 

randomisation).. Fat distribution was assessed at study entry and at 

weekk 96. 

Thee first participant was included in December 1999 and the last 

reachedd week 96 in February 2003. Al l participants used a balanced 

diet,, containing at least 250 gr carbohydrates three days prior to each 

metabolicc study, and were instructed to try to maintain their current 

weight.. The study was approved by the institutional review board of the 
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Academicc Medical Center in Amsterdam. Written informed consent was 

obtainedd from all participants prior to study entry. 

HyperinsulinaemicHyperinsulinaemic euglycaemic clamp protocol (figure 1) 

Subjectss were admitted to the metabolic clinical research center and 

studiedd in the supine position. Following a 12 hour fast, a catheter was 

insertedd in the antecubital vein of each arm. One catheter was used for 

samplingg of arterialized blood using a heated handbox (60 °C). The 

otherr catheter was used for infusion of [6,6-2H2J-glucose, glucose 20%, 

[2Hs]-glyceroll  and insulin. At 09.00 hrs. (t= - 2 hr.), after drawing a 

bloodd sample for background enrichment of plasma glucose and glycerol, 

aa continuous infusion of [6,6-2H2]glucose (>99 % enriched, Cambridge 

Isotopes,, Ma, US) was started at a rate of 0.22 umol-kg^min1 after a 

primingg dose was administered which equaled 80 minutes of infusion. 

A tt 10.00 hr (t = -1 hr) continuous infusion with pHö]-glycerol at 0.11 

umol// kg/min was started after a priming dose of 1.6umol/kg. At t = + 0, 

10,, 20 and 30 minutes blood samples were drawn for determination of 

basall  endogenous glucose production and basal glycerol turnover. 

Subsequently,, at t= + 30 minutes a primed continuous infusion of 

insul inn (Actrapid 100 EH/mL, Novo Nordisk Farma B.V., Alphen ad 

Rijn,, The Netherlands) was started for 2.5 hours at a rate of 20 m U m2 

bodyy surface area-min1. Plasma glucose concentration was measured 

everyy 5 minutes (Beekman glucose analyzer 2, Palo Alto, CA, US) and 

glucosee 20% was infused at a variable rate to maintain plasma glucose 

att 5.0 mmol/L. [6,6-2H2] glucose was added to the 20 % glucose solution 

too achieve glucose enrichments of 2 % to minimize changes in isotopic 

enr ichmentt due to changes in the infusion rate of exogenous glucose, 

andd thus to allow for accurate quantification of endogenous glucose 

production.. [25,26]. The last hour of insulin infusion every 10 minutes 

bloodd samples were drawn for determination of endogenous glucose 

productionn and glycerol turnover. During the study subjects were only 

allowedd to drink water. 
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Figur ee 1 Hyperinsulinaemic euglycaemic clamp protocol 

glucosee 20% + 2% 6,6-D 2-glucose (variabel) 

insulinn 20 mU/m2/min 

D5-glyceroll : bolus 1,6 f.imol/kg + continue 0,11 nmol/kg/min 

6,6-D2-glucose:: bolus 17,6 umol/kg + continue 0,22 ^mol/kg/min 

t=-2 2 tt  = 0 t == + 0.5 tt = +2 tt  =2.5 

tt u t 
tt t 

tt t t t t t t 
rr  t 

Plasmaa collection 
forr isotopes 

Plasmaa collection 
forr hormones 

tt = -2 hrs = 09.00 am; The bars represent continuous infusion from that time onward. 6,6 D2 glucose: 
[6,6-2H2]] glucose; u.mol: micromol, kg: kilogram, min: minute D5-glycerol: [2H5]-glycerol; ml): milliUnits; 
m2:: square meter; hr: hours 

IndirectIndirect calorimetry 

Oxygenn consumption (VÖ2) and CO2 production (VCO2) were measured 

byy indirect calorimetry using a ventilated hood system (Sensormedics 

modell  2900, Anaheim, Ca). VO2 and VCO2 were measured continuously 

duringg the final 30 min of both the basal and the hyperinsulinemic 

periods. . 

BodyBody composition 

Totall  as well as regional fat mass was quantified in all patients by dual-

energyy x-ray absorptiometry (Hologic QDR-4500W, software version 

wholee body v8.26A: 5) providing a quantitative assessment of peripheral 

andd truncal fat mass in kg. The ratio between peripheral fat mass, 

definedd as the sum of arm and leg fat, and total fat mass (total fat mass 

minuss head fat) was calculated to adjust for differences in body weight. 
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AA standardized single slice abdominal CT-scan through the level of the 

fourthh lumbar vertebra was performed from which the surface of total 

(TAT),, visceral (VAT) and subcutaneous adipose tissue (SAT) was 

determinedd and expressed in square centimeter (cm2). The ratio 

betweenn SAT: TAT was calculated to assess fat distribution. 

AnalyticalAnalytical procedures 

Plasmaa insulinconcentration was determined by a radioimmuno-assay 

(Insulinn RIA 100, Pharmacia Diagnostic AB, Uppsala, Sweden, intra-

assayy coefficient of variation (c.v.): 3-5 %, inter-assay c.v: 6-9 %, 

detectionn limit : 15 pmol/L). Plasma samples for plasma catacholamine 

concentrationss and enrichments of [6,ö^Eb] glucose and [2Hs]-glycerol 

weree determined as described before. [10,12] Cortisol was determined 

wit hh a competative chemiluminescent immuno assay (Immulite, 

Diagnosticc Products Corporation, Los Angeles, USA). 

Calculations Calculations 

Endogenouss glucose production, total glucose disposal were calculated 

byy non steady state Steele equations as described previously{10] 

Steele'ss equation for steady state conditions as adapted for the use of 

stablee isotopes were used to calculate glycerol Rate of appearance (Ra). 

[12] ] 

Glucosee oxidation was calculated from V02, VC02. [27] Non-oxidative 

glucosee disposal was calculated as the difference between total glucose 

disposall  and glucose oxidation. Both glucose oxidation and non-

oxidativee glucose disposal are expressed as percentage of total glucose 

disposall  to adjust for differences in the total glucose disposal. 
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StatisticalStatistical analysis 

Inn a first analysis, the early changes in glucose disposal, endogenous 

glucosee production, and lipolysis following PI withdrawal were 

evaluated.. For this analysis, using Student's t-test, the changes in these 

parameterss between week 0 and week 12 were compared between the 

participantss randomized to immediate discontinuation of PI and those 

inn whom discontinuation of PI was deferred for 12 weeks. Patients who 

weree discontinued from the study prior to week 12 were excluded from 

alll  analyses. 

Forr the main analysis of the long-term effects of PI withdrawal on 

glucosee metabolism, lipolysis and fat distribution all participants were 

evaluatedd as their own control after they had discontinued their PI 

medication.. In case of study termination or reinstitution of PI, after 

weekk 12, but prior to week 96, a last-value carried forward strategy was 

applied.. For each parameter the difference was calculated between last 

observationn and the time of PI withdrawal. Subsequently, 95% 

confidencee intervals were calculated. Data are presented as means with 

standardd deviations or medians and interquart i le ranges where 

appropriate. . 
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Resul ts s 

PatientPatient characteristics at entry and patient disposition 

Thee mean age of the patients included was 47  8 years. The mean 

weightt was 77  15 kg at study entry and did not change significantly 

overr t ime. Al l pat ients had HIV-1 viral loads below 50 copies/ml at the 

t imee of study entry. At study entry, the mean CD4 cell count was 509

2266 cells /mm3. Antiretroviral drug history, details of the regimens used, 

andd body fat composition at study entry for each of the patients are 

shownn in Table 1. 

Tablee 1 Current and prior antiretroviral treatment (ART) of the nine subjects and 
changess in body fat at study entry 

Iff not explicitly mentioned 
standardd dosage is being 
used,, bid: twice-daily, tid: 
threee times-daily, qd: once 
daily.. ZDV: zidovudine 300 
mgg bid, 3TC: lamivudine 
1500 mg bid, d4T:stavudine 
400 mg bid, ddl: didanosine 
4000 mg qd, ddC: zalcitabine 
0,755 mg tid, RTV: ritonavir, 
IDV:: indinavir, SQV: 
saquinavir,, NFV: nelfinavir. 
atrophy:: peripheral 
lipoatrophy,, accumulation: 
centrall fat accumulation 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

curren tt  ART 
regime n n 

ZDV/3TC/RTV V 
(1000 mg bid) /IDV 

(8000 mg bid) 

d4T/3TC/NFV V 
(12500 mg bid) 

d4T/3TC// RTV 
(4000 mg bid) 

/SQVV (400 mg bid) 

d4T/3TC/ / 
IDV(800mgtid) ) 

d4T/3TC// RTV 
(1000 mg bid) / 

IDVV (800 mg bid) 

d4T/3TC// NFV 
(12500 mg bid) 

d4T// 3TC/ IDV 

ZDV/3TC// RTV 
(4000 mg bid)/ 

SQVV (400 mg bid) 
d4T/3TC// RTV 
(1000 mg bid) / 

IDVV (800 mg bid) 

2 2 

28 8 

37 7 

34 4 

14 4 

17 7 

22 2 

1 1 

14 4 

previousl y y 
usedd ART 

ZDV/ddl// IDV 

none e 

none e 

ZDV/ddC/IDV/ / 
NFV V 

RTV/SQV/IDV V 

ZDV V 

d4T T 

none e 

bod yy fat 
change s s 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

atrophyy only 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 
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Patientt 1 was excluded from the entire analysis because of an increase 

inn plasma HIV-1 RNA 7 weeks after the withdrawal of PI necessitating 

reinstitutionn of Pi-containing antiretroviral therapy (new regimen 

d4T/ddI/3TC/RTV/IDV)) prior to week 12. Patient 5 had to restart PI 

containingg therapy because of virological failure at week 36 of the study 

(neww regimen ddI/3TC/EFV/LPV/RTV). In both patients, soon after the 

reintroductionn of PI, the plasma HIV-1 RNA load became undetectable 

Tabl ee 2 Patient characteristics while on protease inhibitors (PI) and after PI- withdrawal 

Weightt (kg) 

BMII (kg/m2) 

%% pt. HIV-1 RNA <50 c/ml 

CD4-celll count (x10 6/mm3) 

Glucosee (mmol/l) 

Totall cholesterol (mmol/l) 

HDL-cholesteroll (mmol/l) 

LDL-cholesteroll (mmol/l) 

triglyceridess (mmol/L) 

basall insulin (pmol/l) 

insulinn during clamp (pmol/l) 

Cortisoll (nmol/l) 

epinephrinee (nmol/l) 

norepinephrinee (nmol/l) 

SATT (cm2) 

VATT (cm2) 

Thee ratio of SAT over TAT 

Totall amount of peripheral 
fatt in kg 
Percentagee peripheral fat of 
totall body fat (%) 

withh protease 
inhibitors s 

(nn = 8) 

77(15) ) 

24.0(4.1) ) 

100% % 

5099 (226) 

5.22 (0.6) 

6.3(1.6) ) 

0.92(0.11) ) 

3.22 (0.78) 

4.66 (3.0) 

877 (52) 

2244 (95) 

369(114) ) 

0.17(0.11) ) 

2.0(1.3) ) 

799 (20 - 209) 

197(172-309) ) 

0.25(0.1-0.38) ) 

3.77 (2.9) 

29.11 (5.8) 

afterr protease 
inhibitor r 

withdrawal l 
(nn = 8) 

78(16) ) 

24.5(4.1) ) 

100% % 

5666 (200) 

5.33 (0.6) 

4.6(1.0) ) 

1.03(0.32) ) 

2.55 (0.62) 

2.4(1.4) ) 

77(51) ) 

2388 (87) 

304304 (79) 

0.16(0.09) ) 

1.3(0.6) ) 

144(23-161) ) 

207(149-234) ) 

0.41(0.16-0.42) ) 

4.00 (2.4) 

29.99 (5.0) 

absolutee change 

+1.88 (-0.3-+3.8) 

+0.55 ( -0 .1 - +1.1) 

+588 ( + 11 -+104) 

+0.22 (-0.3 - +0.6) 

-1.77 (-2.3--1.2) 

+0.100 (-0.1 - +0.3) 

-0.733 ( -1 .2 - -0.2) 

-2.22 ( -3 .7- -0.8) 

-100 ( - 3 4 - +15) 

++ 14 ( - 4 6 - +75) 

-644 ( -153- +25) 

-0.011 (-0.1 - +0.07) 

-0.77 ( -1 .5- +0.02) 

+100 (-24-+44) 

-388 ( -85-+10) 

+0.06(-0.02-+0.14) ) 

+0.244 (-0.55-+1.0) 

+0.88 ( -1 .9 - +3.6) 

Alll parameters are expressed as mean (standard deviation) unless other wise noted. 
Thee absolute changes after protease inhibitor withdrawal are expressed as mean (95% confidence 
interval).. SAT, VAT and the ratio of SAT over TAT are expressed as median and interquartile ranges; 
n:: number of patients; kg: kilograms; BMI: body mass index; m2: square meter; pt. Patients; mm3: 
cubicc millimeter; mmol/l: millimol per liter; pmol/l: picomol per liter; nmol/l: nanomol per liter; SAT: 
subcutaneouss adipose tissue; VAT: visceral adipose tissue; TAT: total adipose tissue 
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again.. Patient 6 died at home, possibly from an acute myocardial 

infarction,, a few weeks after his week 36 study visit. In none of the 

remainingg pat ients antiretroviral therapy was changed during follow 

up. . 

Theree were no statistically significant changes in basal insulin, glucose, 

catecholaminess and Cortisol concentrations over time. In contrast, 

p lasmaa total-, LDL-cholesterol and triglyceride concentrations had 

decreasedd significantly after PI withdrawal. (Table 2) 

BodyBody composition (Table 2) 

Thee study physician (MvdV) and the patients noted no significant 

improvementss in fat distribution over time. This was confirmed by 

wholee body DEXA scans that showed no improvement either in absolute 

totall  peripheral fat mass or peripheral fat expressed as proportion of 

totall  fat. In addition, CT scans showed no significant changes in either 

viscerall  (VAT) and subcutaneous adipose tissue (SAT) surface area, or 

inn the ratio of SAT over total adipose tissue (TAT). 

EndogenousEndogenous glucose production (Figure 2, Table 3) 

Att study entry the mean fasting glucose production was 16.1  2.5 

umol/kg/min.. PI withdrawal resulted in a mean decrease of 1.1 (95%CI -

2.11 - -0.1) umol/kg/min in fasting glucose production. During the clamp 

endogenouss glucose production was 7.9  2.7 |amol/kg/min at study entry 

andd did not change significantly 96 weeks after PI withdrawal. 

A tt week 12 no differences were observed in the changes in endogenous 

glucosee production both during the clamp and under fasting conditions 

betweenn the part icipants randomized to immediate or deferred 

withdrawall  of PI (p = 0.98 and p= 0.55, during the clamp and fasting, 

respectively). . 
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Tablee 3 Glucose metabolism and lipolysis with protease inhibitors (PI) and after 
PII withdrawal 

with h 
Protease e 
inhibitors s 

(nn = 8) 

after r 
protease e 
inhibitor r 

withdrawal l 
(nn = 8) 

Absolutee change 

fastin g g 

-- total glucose production 
(l^mol/kg/min) ) 16.1(2.5)) 15.0(1.6) 

-percentagee glucose oxidation of 3 0 5 ( 1 0 4 ) 4 8 . 8 ( 1 5 . 6 ) 
totall glucose disposal (%) v ' y ' 

percentagee non-oxidative of 
totall glucose disposal (%) 69.5(10.4)) 51.2(15.6) 

-glyceroll turnover ((xmol/kg/min) 2.6(0.6) 1.8(0.3) 

-1.11 (-2.1 - -0.1 ) 

18.44 (+4 .7- +32) 

18.44 ( -32 .0 - -4 .7) 

-0.88 ( - 1 . 4- -0.3) 

clam p p 

-- total glucose disposal 
(nmol/kg/min) ) 

-- percentage glucose oxidation of 
totall glucose disposal (%) 

21.3(4.9)) 18.4(5.6) 

36.8(12.7)) 48.4(8.7) 

percentagee non-oxidative of 
totall glucose disposal (%) K ' K ' 

Endogenouss glucose production 
7.9(2.7)) 6.9(1.4) 

(nmol/kg/min) ) 

-- glycerol turnover (umol/kg/min) 1.8 (0.6) 1.2 (0.5) 

-3.00 ( -6 .0-+0.1) 

++ 11.6 (+1.5-+21.7) 

-- 11.6 (-21.7--1.5) 

-1.11 (-2.6-+0.5) 

-0 .6( -1 .2- -0 .1) ) 

Alll parameters are expressed as mean (standard deviation) unless otherwise noted. 
Thee absolute changes after protease inhibitor withdrawal are expressed as mean (95% confidence 
interval),, nmol: micromol, kg: kilogram, min: minute; n: number of patients; %: percentage. 

Figur ee 2 Endogenous glucose production while on PI and after Pl-
withdrawal l 

o o m m o o 
J c . E E 
rara o £ 
| | | | 

<a<a 2 c 
o)) a. 'z 
oo i 

-o o 
c c 

HI I 

30-. . 

25--

20--

15--

10--

5--

" " 

•• • 

•:• • 

--

with h 
PI I 

• • 
t . : « « 

• • • • 

afterr PI 
withdrawal l 

. . 
:• • 

t« « 

with h 
PI I 

t t i i 

afterr PI 
withdrawal l 

Basal l Clamp p 
nmol:: micromol, kg: kilogram, min: minute. The line represents the mean. 159 9 



ChapterChapter 8 

Per ipherall  g lucose metabol ism (Figur e 3, Table 3) 

Duringg fasting at study entry the glucose oxidation expressed as 

percentagee of total glucose disposal was 30.5  10.4 %. The glucose 

oxidationn expressed as percentage of total glucose disposal increased by 

18.44 (4.7 -32) % to 48.8  15.6 % after PI withdrawal. At week 12 no 

differencess were observed in the changes in glucose oxidation during 

fastingg between the participants randomized to immediate or deferred 

withdrawall  of PI. (p = 0.88 ) 

A tt study entry the hyperinsulinemia during the clamp increased total 

glucosee disposal by 32 (17 -47) % from the fasting value. After PI 

withdrawall  this increase was 21 (4 - 38) %. At study entry total glucose 

disposall  during the clamp was 21.3  4.9 umol/kg/min. Total glucose 

disposall  during the clamp did not change after PI withdrawal. Of note, 

glucosee oxidation expressed as percentage of total glucose disposal was 

36.88  12.7 % at study entry and did increase significantly by 11.6 (1.5— 

21.7)) % to 48.4 7 % after PI withdrawal. 

A tt week 12 no differences were observed in either total glucose disposal 

orr glucose oxidation both during the clamp between the participants 

randomizedd to immediate or deferred withdrawal of PI. (p = 0.26 and p= 

0.622 , for total glucose disposal and glucose oxidation, respectively) 

Glyceroll  tu rnover  (Figur e 4, Table 3) 

Fast ingg glycerol turnover was 2.6  0.6 umol/kg/min at study entry. PI 

withdrawall  resulted in a decrease in fasting glycerol turnover of 0.8 (-

1.44 — -0.3) umol/kg/min to 1.8  0.3 umol/kg/min. During the clamp, 

glyceroll  turnover was 1.8  0.6 uinol/kg/min which decreased by 0.6 (-1.2 

—0.1)) umol/kg/min to 1.2  0.5 umol/kg/min after Pi-withdrawal. At 

studyy entry the clamp decreased glycerol turnover by 32 (40 - 23) %, 

afterr PI withdrawal by 35 (54 - 16) %. 
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Bothh during the clamp and under fasting conditions at week 12 no 

differencess were observed in the changes in glycerol turnover between 

thee participants randomized to immediate withdraw the protease 

inihibitorr and deferred, (p = 0.5 and p= 1.0 during the clamp and 

fasting,, respectively) 

Figur ee 3 Total glucose disposal and glucose oxidation while on PI and after PI 
withdrawal l 
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Discuss ion n 

Thee results of our study demonstrate that two years of withdrawal of PI 

inn HIV- 1 infected pat ients with severe lipodystrophy does not result in 

ann improvement of disturbed fat distribution, while glucose metabolism 

andd lipolysis are partially restored and markedly diminished, 

respectively. . 

Althoughh fasting glucose production decreased after PI withdrawal it 

remainedd elevated when compared to values previously obtained both in 

healthyy volunteers and in untreated HIV-infected patients.[12,28] 

However,, despite two years of PI withdrawal insulin-stimulated 

peripherall  glucose disposal did not improve. Nonetheless, we did 

observee significant improvements in intracellular glucose metabolism 

reflectedd by a significant increase in glucose oxidation, both under 

fastingg conditions and during insulin infusion. Likewise, the rate of 

lipolysiss which was increased during fasting in HIV-1 infected patients 

wit hh lipodystrophy, returned towards the levels we have previously 

measuredd in healthy volunteers. [13] Al l of these metabolic changes 

occurredd in the absence of significant improvements in body 

composition. . 

Thee mechanism by which PI acutely cause peripheral insulin resistance 

involvess a direct inhibition of GLUT-4. [15-17,29] Interestingly, in the 

severelyy lipodystrophic HIV-1 infected patients enrolled into our study, 

thee extended withdrawal of PI did not result in significant improvement 

off  insulin-stimulated peripheral glucose disposal. This may indicate 

thatt long-term t reatment with PI irreversibly impairs the intrinsic 

activityy of GLUT-4. Alternatively, this may be explained by direct or 

indirectt changes in glucose metabolism induced by persisting 

lipodystrophy.. However, both fasting and insulin-stimulated 

intracellularr glucose oxidation did improve. Given that glucose 

oxidationn is inhibited by free fatty acids and stimulated by insulin the 

markedd decrease in lipolysis seen after PI withdrawal may very well be 
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responsiblee for the improvement in glucose oxidation. Taken together, 

ourr data supports the notion proposed by Behrens et al, [ l l ] that 

mechanisms,, in addition to inhibition of GLUT-4 activity, are 

responsiblee for the changes in glucose metabolism seen in HIV-infected 

patientss with established lipodystrophy. 

Thee trend for lipolysis to normalize following PI withdrawal occurred 

independentt of any changes in concentrations of plasma insulin, a 

potentt inhibitor of lipolysis, epinephrine and Cortisol, both potent 

stimulatorss of lipolysis, and fat distribution. An explanation for the 

decreasee in lipolysis might be a lowered tonus of the sympathetic 

nervouss system reflected by a decrease in norepinephrine 

concentrations.. Although the decrease of -0.7 (-1.5 - 0.02) nmol/1 in 

norepinephrinee after PI withdrawal was not statistically significant in 

thee majority of patients plasma norepinephrine concentrations 

decreasedd after withdrawal of PI. In HIV-1 infected lipodystrophic 

patientss using PI norepinephrine concentrations are elevated compared 

too untreated HIV-1 infected individuals [12,30], suggestive of an overall 

increasedd tonus of the sympathetic nervous system. Lipolysis 

neverthelesss is similarly increased both in HIV-1 infected patients with 

lipodystrophyy and in treatment-naïve HIV-1 patients when compared to 

inn healthy volunteers. [12,13] This indicates that although the factor 

responsiblee for stimulating lipolysis in uncontrolled HIV infection has 

disappeared,, it must have been replaced by another mechanism. Based 

onn our findings we propose that PI in as yet unexplained fashion induce 

changess in the tonus of the sympathetic nervous system result ing in 

increasedd whole body lipolysis that gradually normalises after PI 

withdrawal. . 

AA potential bias of our study might be the fact that patients aged during 

thee two years of follow up which thereby may have counteracted any 

improvementt PI withdrawal might have had on insulin sensitivity. 

Althoughh aging is associated with a decrease in total glucose disposal, 

thiss decrease was demonstrated to be as low as 0.9 jimol/kg/min per 
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decadee of life.[31] Furthermore, it seems that the age-related decrease 

inn insulin sensitivity is mainly due to a reduction in insulin stimulated 

glucosee oxidation.[32] Of note, glucose oxidation significantly improved. 

Moreover,, glucose metabolism was also assessed at 12 and 36 weeks 

aftyerr PI withdrawal, and no acute improvements in insulin sensitivity 

weree observed, (data not shown) Taken together this makes it highly 

unlikelyy that aging explains why total glucose disposal did not improve 

significantly. . 

Anotherr l imitation of our study is the small sample size and the fact 

thatt one pat ient died before completing 96 weeks and that in two out of 

thee eight pat ients PI had to be re-introduced because of virological 

failure.. This occurred in patient 5 at week 36 and in patient 1 at week 7. 

I nn both pat ients virological failure likely was the result of multiple pre-

existingg zidovudine resistance conferring mutations which were 

retrospectivelyy demonstrated in stored specimens (data not shown). 

Unfortunately,, at the t ime the study was designed and these patients 

weree enrolled the results of tr ials showing such patients to be at 

increasedd risk of virological failure when replacing PI by abacavir were 

nott yet available.[33] The small sample size of our study most likely 

explainss why moderate improvements in fat distribution, which were 

reportedd following PI withdrawal in larger controlled trial[19,20], were 

nott observed. Nevertheless, in spite of a limited sample size we were 

ablee to demonstrate significant changes in glucose metabolism and 

lipolysis. . 

I nn summary, PI replacement by abacavir in severe lipodystrophic HIV-1 

infectedd pat ients after 96 weeks resulted in a clear trend for lipolysis to 

normalizee and in a significant improvement in glucose oxidation. In 

contrast,, fasting endogenous glucose production improved modestly, 

whilee insulin st imulated glucose disposal and fat distribution did not 

changee significantly. Taken together, this suggests that mechanisms in 

addit ionn to inhibition of GLUT-4 activity are responsible for some of the 

changess in glucose metabolism seen in HIV-infected patients with 
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establishedd lipodystrophy. Finally, we propose that disappearance of PI-

mediatedd increases in sympathetic nervous system activity may 

underliee the decrease in lipolysis following PI withdrawal. 
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Introductio n n 
Thee introduction of highly active antiretroviral therapy (HAART) in 
19966 has resulted in an enormous decline in mortality of patients living 
withh HIV-1 in the developed world. [1,2] This initially led to a state of 
euphoriaa resulting from the belief that HIV could be turned into a 
chronicc disease, since adequate control of viral replication was within 
reach.. Initially , it even seemed that after 2 to 3 years of HAART HIV-1 
couldd be completely eradicated resulting in a complete cure from HIV-1 
infection.. [3] This success was also responsible for the fact that the 
stigmaa with respect to HIV/AID S decreased in the general population. 
[4]]  However, the last years it has become clear that the different aspects 
off  the lipodystrophy syndrome potentially undermine parts of these 
enormouss successes booked with the introduction of HAART. A recent 
studyy demonstrated that lipodystrophy has major psychosocial 
implicationss for patients suffering from this condition. [5] Furthermore, 
severall  studies have demonstrated that lipodystrophy has impact on 
treatmentt adherence and thereby might leas to the emergence of viral 
drugg resistance. [6-8] Even more importantly it seems likely that several 
aspectss of the syndrome might diminish life-expectancy of HIV-1 
infectedd patients, by increasing the risk of cardiovascular disease 
(CVD). . 

Hyperlipidemi a a 

Inn Chapter 3 of this thesis we demonstrate that different antiretroviral 
drugg regimens are associated with changes in lipoprotein profiles that 
mightt distinguish them with respect to their associated risk on the 
incidencee of CVD. In this open-label randomised study (Atlantic study), 
treatmentt with two nucleoside reverse transcriptase inhibitors (NRTIs), 
combinedd with the addition of either a protease inhibitor (PI), a non-
nucleosidee reverse transcriptase inhibitor (NNRTI) or a third NRTI was 
compared.. [9] Twenty-four weeks of Pi-based therapy resulted in modest 
increasess in total-, LDL-, and HDL-cholesterol, resulting in no change in 
thee ratio of total over HDL-cholesterol. This ratio is a strong predictor of 
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cardiovascularr disease in the general population. [10,11] In contrast, in 

thee patients randomised to the NNRTI nevirapine the ratio of total over 

HDL-cholesteroll  decreased by 14%, due to a striking 49% increase in 

HDL-cholesteroll  and a modest increase in LDL-cholesterol. Recently, 

thesee findings were supported by the results from a large international, 

multicenterr cohort study. In contrast to Pl-based regimens and 

analogouss to the results of Chapter 3, the patients in this cohort study 

whoo initiated first line NNRTI-based therapy had significantly higher 

concentrationss of HDL-cholesterol. [12] In Chapter 4 the theoretical 

impactt of these differential effects on lipoprotein profiles for estimating 

futuree cardiovascular risk are discussed, particularly for those patients, 

whoo prior to the initiation of antiretroviral therapy, already are at 

increasedd risk for developing cardiovascular disease. We propose that it 

wouldd seem reasonable in the latter group to initiate treatment with a 

NNRTI-basedd regimen rather than a PI-based regimen assuming no 

otherr convincing arguments exist favouring one over the other. 

Withinn the class of NNRTIs both efavirenz and nevirapine elevate HDL-

cholesterol.. [13-19] In the recently presented 2NN study, which is a head 

too head comparison of first line therapy with stavudine and lamivudine 

togetherr with either nevirapine, efavirenz, or both, it was demonstrated 

thatt the regimen containing nevirapine led to a more pronounced rise in 

HDL-cholesteroll  when compared to efavirenz (+0.37 mmol/1 in the NVP 

armm compared to +0.24mmol/l in the efavirenz arm, p <0.001).[20] In 

thee nevirapine arm the ratio of total cholesterol over HDL-cholesterol 

decreased,, while this was not the case in the efavirenz arm, possibly as 

aa result of the smaller increase in HDL- cholesterol. 

Disentanglementt of the mechanism by which these two different 

NNRTIss elevate HDL-cholesterol may be of interest even for patients 

outsidee the field of HIV-infection. A HDL particle consists of one 

apolipoproteinAII  (ApoAI) molecule, that is produced in the liver. ApoAI 

iss loaded with cholesterol from the plasma and peripheral cells and is 

therebyy responsible for the so-called reverse cholesterol transport. This 
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cholesteroll  may then be taken up in the liver, through action of the 

enzymee cholesterol ester transporting protein (CETP) and subsequently 

iss excreted in the bile. Based on the finding that CETP mass did not 

changee over time in the patients randomised to t reatment with 

nevirapinee in Chapter 3, it seems unlikely that the increase in HDL-

cholesteroll  resulted from a decreased clearance of HDL-cholesterol. 

Sincee the rise in HDL-cholesterol was associated with a 19% increase in 

ApoAII  concentrations, a more likely explanation therefore seems that 

thee NNRTIs stimulate apoAI production. Although both NNRTIs were 

engineeredd to inhibit HIV-1 reverse transcriptase their molecular 

structuree is completely different. [21,22] This suggests that the 

molecularr target for raising HDL cholesterol is likely to resemble the 

bindingg site of the NNRTIs on HIV-1 reverse transcriptase. Therefore 

studiess should be performed focussing on the resemblance of this 

bindingg site with crucial enzymes involved in HDL cholesterol 

metabolism.. Determining the mechanism by which the NNRTIs 

increasee HDL cholesterol might give an important impulse to the 

developmentt of drugs designed to raise HDL-cholesterol for the 

t reatmentt of hyperlipidemia in the general population. 

Wit hh respect to the mechanisms by which Pis raise total- and LDL 

cholesteroll  several studies have been performed. In healthy volunteers 

t reatmentt with the PI ritonavir led to elevations of triglycerides, 

apolipoproteinn B and VLDL-cholesterol.[23] This suggests that Pis, 

independentt of the presence of HIV-1 infection, directly contribute to 

thee potentially deleterious effects on lipids. Since a substantial part of 

Pi-containingg HAART-regimens contains low doses of ritonavir, that are 

usedd to increase the plasma drug concentrations of several Pis, a large 

proportionn of Pi-treated patients are likely to develop hyperlipidemia. 

Anotherr study showed that certain genetic ApoC-III polymorphisms are 

associatedd with higher Pi-induced elevations in triglycerides, 

demonstrat ingg that genetic predisposition may also play a role in the 

developmentt of the hyperlipidemia associated with the use of Pis. [24] 
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Thee uptake of oxidised LDL into macrophages is crucial for the 

formationn of atheromatous plaques. This uptake is mediated by 

scavengerr receptors such as CD36. [25,26] Dressman et al demonstrated 

thatt the different Pis upregulate scavenger receptor CD36 specifically 

onn macrophages. [27] More interestingly, in a transgenic LDL-receptor 

knockoutt mouse-model they have shown that low doses of Pis, in the 

absencee of an effect on plasma total- and LDL-cholesterol 

concentrations,, still significantly increased the number of 

atheroscleroticc lesions in the aortas of these animals. Interestingly, 

anotherr study showed a downregulation of CD36 in exactly the same 

humann macrophage cell line as studied by Dressman[28], indicating the 

possibilityy of protection against the atherogenic effects of oxidised LDL. 

Thereforee larger studies are necessary to see whether Pis influence 

CD366 expression on macrophages in humans, and thereby may promote 

atherogenesiss independently of elevated plasma lipid concentrations. 

Theree are no rational reasons to assume that HIV-1 infected individuals 

withh HAART-induced hyperlipidemia are not at increased risk of 

developingg CVD. A large prospective cohort study concluded that every 

additionall  year of use of HAART was associated with a 26% increased 

riskk of CVD.[29] Although this seems a modest increase one has to take 

intoo account that this relatively young patient population currently is 

expectedd to have to use treatment for the remainder of their life. Thus, 

particularlyy in those with pre-existing CVD risk factors a potentially 

highh incidence of CVD may emerge with time. Moreover, several 

publishedd cross-sectional studies have suggested that Pi-based therapy 

iss associated with a decrease in endothelial function and an increase in 

carotidd intima media thickness. [30-33] In contrast, one published 

retrospectivee cohort study by Bozzette et al [34] did not demonstrate 

anyy increased risk for CVD in HIV infected patients. 
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Character isat ionn of metabol ic changes in l ipodystrophy 

I nn HIV-infected patients with lipodystrophy several other aspects of 

metabolism,, besides lipoprotein metabolism, are disturbed to a great 

extent.. In Chapter 5 and 6 we show that HIV-1 infected patients using 

Pi-basedd therapy with established lipodystrophy syndrome have 

increasedd rates of postabsorptive glucose production and lipolysis. 

Furthermore,, the insulin-stimulated peripheral glucose uptake is 

decreased,, reflecting peripheral insulin resistance, and in addition we 

havee shown that these patients also have hepatic insulin resistance and 

impairedd suppression of lipolysis by insulin. Finally, norepinephrine 

concentrationss are increased suggestive of an increased overall 

sympatheticc tonus. 

Althoughh Pis acutely, but reversibly, disturb glucose metabolism by the 

inhibitionn of the activity of the glucose transporter GLUT-4, as was 

elegantlyy demonstrated in vitro [35,36] and in vivo in healthy 

volunteerss [37,38], in patients with antiretroviral associated 

lipodystrophyy 96 weeks after the withdrawal of Pis no improvement in 

insul inn stimulated peripheral glucose uptake occurs as described in 

Chapterr 8 of this thesis. Visceral fat accumulation and peripheral fat 

losss in these patients remained unchanged. Apart from the direct 

effects,, which Pis have on glucose metabolism, disturbances in fat 

distributionn are likely to also affect glucose metabolism, as is clearly 

demonstratedd in HIV-1 negative patients suffering from congenital 

lipoatrophicc syndromes. [39] Moreover, visceral fat accumulation is a 

well-knownn risk factor for the induction of insulin resistance. [40] 

Intracel lularr glucose metabolism however did improve after PI-

withdrawal,, reflected by an increase in postabsorptive and insulin-

st imulatedd glucose oxidation. Furthermore, the increased rate of 

lipolysiss gradually returned to the levels measured in healthy 

volunteers,, possibly resulting from a decrease in norepinephrine 

concentrationss seen after PI withdrawal, which may reflect a decrease 

inn the overall sympathetic tonus. 
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Inn addition to the Pis, the NRTIs also are also undisputedly associated 

withh the development of lipodystrophy, as i l lustrated by the synergistic 

effectss of the combined use of both Pis and a NRTI on the development 

off  lipodystrophy described in Chapter 2. As a potential mechanism 

underlyingg this association "NRTI induced mitochondrial toxicity' 

resultingg in a depletion of mtDNA of adipocytes has been suggested. [41] 

However,, as discussed in Chapter 7, this mechanism seems to be at 

mostt partially associated with the development of lipoatrophy. In this 

studyy we found a very large difference in the prevalence of 

lipodystrophyy in patients treated with the NRTI stavudine, compared to 

patientss treated with zidovudine (82% vs 9%), without any differences 

inn the mtDNA content of subcutaneous fat biopsies taken from the 

affectedd site. This suggests that an alternative mechanism might be 

involvedd other than mitochondrial DNA depletion directly at the level of 

adipocytes. . 

Inn contrast to our study, two case control studies did show that 

mitochondriall  DNA content in peripheral fat biopsies was lower in 

patientss with lipoatrophy. [42,43] It is important to note that patients 

withh lipoatrophy in these studies had longer exposure to NRTIs than 

controls,, thereby potentially biasing the conclusions. Nevertheless, the 

'mitochondriall  toxicity of adipose tissue' hypothesis should not be 

abandonedd as yet, as it may still play a contributory role in the 

developmentt of lipodystrophy. 

Inn Chapter 6 we show that patients with lipodystrophy while using Pis 

havee increased norepinephrine concentrations compared to untreated 

HIV- 11 infected patients. This seems likely to reflect an increased 

sympatheticc nervous system tonus. Neuroanatomical and physiological 

evidencee for sympathetic innervation of adipose tissue has been 

published,, suggesting a role for this branch of the autonomic nervous 

systemm in the regulation of lipolysis.[44,45] Recently, our group 

demonstratedd that intra-abdominal and subcutaneous fat pads are 
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innervatedd by separate sympathetic and parasympathetic motor 

neurons.. [46] Furthermore, somatotopy within central parts of the 

autonomicc nervous system with respect to the innervation of different 

fatt depots was demonstrated. Taken together, this strongly suggests 

thatt the central nervous system is capable of controlling fat distribution 

byy differentiating sympathetic and parasympathetic output to fat 

depots.. Based on the somatotopy we postulate that a differential effect 

byy antiretroviral agents on the nuclei involved in fat distribution in the 

centrall  nervous system might lead to a disturbed balance between 

parasympathet icc and sympathetic tonus in favor of the sympathetic 

nervouss system in peripheral fat resulting in peripheral lipoatrophy. 

Togetherr with a predominant activation of the parasympathetic system 

inn the visceral fat compartment this might result in fat accumulation in 

thatt compartment. Alternatively, the increased rate of lipolysis in 

peripherall  fat following an selective increase in the sympathetic tonus 

solelyy in this fat compartment might lead to an increased uptake of fat 

inn visceral fat depot, since this ensures energy homeostasis. This 

providess the first model that is able to explain the selective loss of 

peripherall  fat and simultaneous accumulation of visceral fat as occurs 

inn lipodystrophy. Central to this hypothesis is the influence by the 

involvedd agents on select neurons within autonomic nuclei. Additional 

studiess have to be performed to assess the penetration of the different 

antiretroviralss in the nuclei crucial to the innervation of fat. Within 

thesee nuclei functional changes need to be demonstrated that should be 

coherentt in explaining the changes in fat distribution. 

Pathogenes iss of the l ipodystrophy syndrome 

Basedd on currently available data we believe that there are several 

differentt mechanisms involved in the development of the metabolic 

aspectss of the lipodystrophy syndrome. These different mechanisms 

havee been discussed previously and are summarised below. 
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1.. An acute Pi-induced upregulation of CD36 on macrophages 

2.. An acute Pi-induced hyperlipidemia 

3.. An acute Pi-induced GLUT-4 inhibition 

4.. Altered autonomic control of adipose tissue 

5.. Mitochondrial toxicity 

6.. Exaggerated metabolic deterioration resulting from lipoatrophy 

and/orr fat accumulation 

Too provide an overview of our current insight concerning pathogenesis, 

thee different mechanisms are il lustrated in relation to each other in 

Figuree 1. The main message is that no single mechanism is able to 

explainn all abnormalities observed in patients, but that the 

antiretrovirall  drugs are likely to induce changes in different biological 

systemss and in sequence. 

Figur ee 1 Pathogenesis of the antiretroviral therapy (ART)-induced lipodystrophy 
syndromee (dotted lines illustrate uncertain relationships) 

Weeks s 
sinc e e 

initiatio n n 
off  ART 

00 - 1 

488 -

9 6 --

144-" " 

179 9 



ChapterChapter 9 

Lipodyst roph yy syndrome: futur e d i rect ions 

Givenn the multifactorial pathogenesis of the lipodystrophy syndrome a 

longg way lies ahead before these metabolic problems wil l be overcome. 

Upp until that time a lot of effort needs to be put into proper clinical 

managementt of pat ients suffering from one or more aspects of the 

syndrome.. Reasonable guidance regarding the management of these 

metabolicc complications has recently been provided by an international 

panell  of experts. [47] However, given the disappointing reversibility of 

thee disturbances in glucose metabolism and fat distribution once the 

syndromee is apparent, more studies should focus on preventive 

t reatmentt strategies and/or tools that are able to pick up disturbances 

inn fat distribution and/ or glucose metabolism at an early stage. 

Oncee the mechanisms underlying the drug-induced metabolic changes 

aree unravelled, new drugs can be engineered with identical potency 

wit hh respect to the suppression of HIV-1, but with less or no effects on 

metabolism.. Based on currently available antiretroviral drugs several 

strategicc combinations can be considered that might prevent the 

developmentt of at least some aspects of the lipodystrophy syndrome. For 

instance,, the Pi-sparing combination of 2 NRTIs with a NNRTI does not 

leadd to detr imental dyslipidemia and disturbances in glucose 

metabolism.. A good example of this strategy might be the 2 NRTIs 

lamivudinee and tenofovir in combination with the NNRTI efavirenz of 

nevirapine.. Alternatively, regimens without NRTIs may show promise 

givenn that such combinations might delay the occurrence of disturbed 

fatt distribution, as we demonstrated in Chapter 2 of this thesis. In this 

context,, combinations consisting of a PI and NNRTI, for example 

nevirapinee or efavirenz in combination with ritonavir/lopinavir, may be 

considered.. The availability in the near future of novel Pis, such as 

atazanavir,, which unlike any of the currently licensed Pis is not 

associatedd with elevations in plasma lipid concentrations [48-50], may 

renderr combinations of PI and NNRTIs even more promising. 
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Inn the following years several new classes of antiretroviral agents under 

developmentt are expected to become available. These may include 

integrasee and fusion inhibitors as well as chemokine receptor blockers. 

Al ll  these three classes of agents inhibit HIV-1 replication by different 

mechanismss than currently licensed classes of antiretrovirals. [51] 

Sincee a large part of the metabolic toxicity we currently see seems to be 

classs specific, it might very well be that these novel drugs may not 

disturbb metabolism. 
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Thee aim of this thesis was to characterise the different aspects of the 

lipodystrophyy syndrome focussing on glucose and lipid metabolism. In 

Chapterr  1 an historical overview is given on the emergence of the 

lipodystrophyy syndrome in the treatment of HIV-1 infected patients. 

Lipi dd changes and alterations in glucose metabolism, lipolysis and 

energyy expenditure in the natural course of an HIV-1 infection and 

duringg t reatment are reviewed. Two published hypotheses explaining 

thee occurrence of lipodystrophy are discussed. 

Initially ,, the lipodystrophy syndrome was thought to be caused solely by 

proteasee inhibitors (Pis). However, soon thereafter it became clear that 

pat ientss who had never been exposed to Pis, but solely to nucleoside 

reversee transcriptase inhibitors (NRTIs) also developed this syndrome. 

Thee exact contribution to the development of lipodystrophy of these two 

classess of antiretroviral agents remained unclear. The Prometheus 

studyy (Chapter  2) provided an opportunity to examine this question. In 

thiss multicenter, open-label, randomized study the occurrence of 

lipodystrophy,, as reported by physicians, was determined in patients 

randomlyy assigned to treatment with either Pis alone (ritonavir (RTV) 

andd saquinavir (SQV)) or Pis combined with an NRTI (RTV/ SQV and 

stavudine(d4T)).. Lipodystrophy was reported in 29 of 175 (17%) patients 

duringg 96 weeks of follow up. Overall, i t was reported significantly more 

frequentlyy in pat ients randomized to RTV/SQV/d4T (22/88; 25%) than in 

pat ientss randomized to RTV/SQV alone (7/87; 8%) (P < 0.003). When the 

analysiss was limited to patients without any prior antiretroviral 

experience,, lipodystrophy likewise was significantly more frequent in 

pat ientss randomized to RTV/SQV/d4T (12/50; 24%) than in those 

randomizedd to RTV/SQV (2/44; 5%) (P < 0.008). 

Basedd on this randomized clinical trial we concluded that NRTIs 

contributee to the development of antiretroviral therapy-associated 

lipodystrophy.. The low incidence of lipodystrophy in patients with no or 

limitedd NRTI-exposure supports further evaluation of NRTI-sparing 

regimenss as alternatives to current antiretroviral regimens. 
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Protease-inhibitorr containing antiretroviral therapy for the t reatment of 

HIV- 11 infection is associated with elevated triglyceride and LDL-

cholesteroll  levels, which may expose patients to an increased risk of 

cardiovascularr disease (CVD). In Chapter  3 we report the lipoprotein 

profiless of a representative subset of treatment-naive patients included 

inn the Atlantic Study. This randomised multicenter open-label study 

comparedd patients treated with d4T and didanosine plus the addition of 

eitherr the non-nucleoside reverse transcriptase inhibitor (nNRTI) 

nevirapinee (NVP), the PI indinavir (IDV) or the NRTI lamivudine. We 

observedd a striking increase in HDL-cholesterol (49%), apolipoprotein 

(apo)) AI (19%), lipoprotein (Lp) AI (38%) and HDL particle size (3%) in 

thee nevirapine treated patients (n=34) at week 24. Much less 

pronouncedd changes in these parameters were seen to a similar extent 

bothh in patients receiving lamivudine (n=39) and IDV (n=41). LDL-

cholesteroll  also increased significantly both in the NVP and IDV arms, 

butt only in the NVP arm was this offset by a significant reduction (14%) 

inn the ratio of total over HDL-cholesterol. Using a multivariate linear 

regressionn model, adjusting for CD4+ cell count and plasma HIV-1-RNA 

bothh at baseline and during treatment, randomisation to the NVP-

containingg arm remained significant in explaining the observed changes 

inn HDL-cholesterol and other HDL-related parameters. 

Basedd on this randomized clinical tr ial we concluded that in HIV-1 

infectedd patients treated with a regimen of stavudine, didanosine and 

nevirapinee changes in lipids and lipoproteins occur that are associated 

withh a sharp decrease in risk for CVD in other settings. 

Inn Chapter  4 the results observed in Chapter 3 are put into 

perspective.. Based on this we il lustrate how such differences in the 

lipoproteinn profile, together with knowledge of the presence of other 

classicc CVD risk factors, opens the door for individualised treatment, 

basedd on criteria in addition to HIV-1 viral load and CD4-cell count. I t 

iss becoming increasingly important to make an adequate CVD risk 

assessmentt in each patient both prior to and approximately annually 

afterr the initiation of highly active antiretroviral therapy (HAART). In 
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patientss with an already considerable risk of CVD based on traditional 

riskk factors, in part icular when it is expected to be difficul t to modify 

thesee risk factors, start ing with either a triple NRTI or an nNRTI-based 

regimenn may be the preferred option given the propensity of such 

regimenss to have either no or potentially even beneficial effects on the 

lipoproteinn profile. 

Glucosee metabolism in HIV-1 infected patients with lipodystrophy is 

characterizedd in detail in Chap ter 5. We assessed glucose disposal and 

it ss pathways, glucose production, plasma free fatty acid levels, and the 

degreee to which these parameters could be suppressed by insulin. 

Lipodystrophyy was defined as an evident loss of peripheral fat with or 

withoutt visceral fat accumulation while using Pi-based therapy. These 

resultss were compared to those obtained in age, gender and body mass 

index-matchedd healthy volunteers. Six HIV-1 infected men on Pi-based 

HAARTT with lipodystrophy were studied. The results were compared to 

thosee obtained in 6 matched healthy male volunteers. Insulin 

sensitivityy was quantified by hyperinsulinemic euglycemic clamp. 

Glucosee production and uptake were assessed by tracer dilution 

employingg [6,6-2H2]-glucose. Under fasting conditions, HIV-1 infected 

individualss suffering from the lipodystrophy syndrome had a 47% 

higherr glucose production than healthy controls (p=0.025). During 

insulinn infusion (plasma insulin concentrations ~200pmol/l) glucose 

productionn was suppressed by only 53% in the lipodystrophy group, and 

byy 85%> in controls (p=0.004). Peripheral glucose disposal increased in 

bothh groups, but by only 27 % the lipodystrophy group versus 201 % in 

controlss (p=0.004). Consequently, insulin-stimulated total glucose 

disposall  was lower in the lipodystrophy group (p=0.006). Non-oxidative 

glucosee disposal as percentage of total disposal did not differ 

significantlyy between groups (63 % in the lipodystrophy patients and 

62%% in controls). Baseline plasma FFA concentrations were higher (0.60 

vs.. 0.35 mmol/1; p=0.024), whereas FFA decline during 

hyperinsulinemiaa was less (65 vs. 85 %; p= 0.01) in the lipodystrophy 

groupp versus controls. Based on these results we concluded that post-
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absorptivee glucose production is increased in HIV-1- infected patients 

withh lipodystrophy. Moreover, both the ability of insulin to suppress 

endogenouss glucose production and lipolysis, and to stimulate 

peripherall  glucose uptake and its metabolic pathways is reduced, 

indicatingg severe resistance concerning multiple effects of insulin. 

Chapterr  6 explores the effect HIV-1-associated lipodystrophy has on 

thee rate of lipolysis and on resting energy expenditure, and compares 

thiss to data obtained in asymptomatic HIV-1 infected patients, not 

receivingg combination antiretroviral therapy. Furthermore, we 

comparedd the lipolyti c response to an epinephrine infusion in these two 

groups.. The rate of lipolysis was measured using [2Hs]-glycerol infusion, 

thee resting energy expenditure (REE), by indirect calorimetry, and the 

responsee of both to a physiological infusion of epinephrine (~ 15 

ng/kg/min)) was assessed. Results in 8 lipodystrophic patients were 

comparedd to those obtained in 5 age,gender and BMI-matched HIV- 1 

infectedd patients (HIV) . Fasting glycerol turnover did not differ 

betweenn the two groups, nor was there a difference in the lipolyti c 

responsee to epinephrine, although the response in the lipodystrophy 

groupp group was delayed (p < 0.001). In the lipodystrophy group fasting 

REEE adjusted for lean body mass was lower and remained lower during 

epinephrinee infusion. Fasting norepinephrine concentrations were 

higherr and remained elevated during epinephrine infusion in the 

lipodystrophyy group. From this study we concluded that the lipolyti c 

responsee to epinephrine in the LD group was normal albeit delayed. 

Norepinephrinee concentrations were increased in patients with 

lipodystrophy,, indicating increased sympathetic activity. Postabsorptive 

REEE was lower in the patients with lipodystrophy. Together this 

suggestss that antiretroviral therapy associated lipodystrophy 

normalisess the REE but has only minor effects on lipolysis, as a result 

off  concomitant sympathetic stimulation of adipose tissue. 
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Chapterr  7 explored the hypothesis that lipodystrophy syndrome is 

l inkedd to an antiretroviral agent-induced effect on mitochondrial DNA, 

therebyy impairing mitochondrial function of adipocytes, resulting in 

apoptosiss of these cells, as was previously proposed by Brinkman et al. 

Too study this question we cross-sectionally assessed lipodystrophy by 

standardizedd questionnaire, CT-and DEXA scan in patients who, 4 

yearss prior to the current cross-sectional study, had participated in a 

randomizedd open-label comparative trial of stavudine or zidovudine-

basedd antiretroviral therapy. MtDNA content was measured in 

peripherall  blood mononuclear cells (PBMC), and subcutaneous adipose 

t issuee taken from the thigh and back. Al l assessments were performed 

whilee unaware of past and current medical history. 28 of the 45 

pat ientss who had originally started randomized treatment were 

includedd in the current study. Despite comparable exposure to either 

stavudinee or zidovudine (51 and 50 months, respectively) the prevalence 

off  lipoatrophy was significantly greater in patients allocated to 

stavudinee compared to zidovudine (82% versus 9%, p = 0.0001). 

Likewise,, in those allocated to stavudine peripheral fat content by 

radiographicc measures was significantly lower. Although mtDNA 

contentt of PBMC decreased after the start of t reatment in both groups, 

(73%% and 63% in the stavudine and zidovudine arm, respectively, 

p=0.01),, there was no statistically significant difference in the present 

mtDNAA content of their fat biopsies. Based on these results we 

concludedd that stavudine-containing regimens are associated with a 

greaterr risk of lipoatrophy than zidovudine-containing regimen. Both 

t reatmentss resulted in similarly impressive declines in mtDNA content 

off  PBMC. Nevertheless no differences in mtDNA content of fat were 

observed.. Together, these findings suggest that the differential risk of 

l ipoatrophyy observed with different NRTIs cannot solely be explained by 

differencess in mitochondrial DNA depletion directly at the level of 

peripherall  adipose tissue. 
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I nn Chapter  8 the effect on glucose metabolism, lipolysis and fat 

distributionn of 96 weeks of Pi-replacement by the NRTI abacavir in 

eightt severe lipodystrophic individuals is described. 

Duringg fasting and during a hyperinsulinemic euglycemic clamp glucose 

metabolismm and lipolysis were assessed by tracer dilution method 

employingg [6,6-2H2] glucose and [2H5] glycerol, respectively. PI 

replacementt by abacavir in severe lipodystrophic HIV-1 infected 

patientss resulted in a marked reduction of lipolysis and significant 

improvementt of glucose oxidation. In contrast, fasting glucose 

productionn improved modestly, while insulin stimulated glucose 

disposall  and fat distribution did not change. Taken together, this 

suggestss that mechanisms in addition to inhibition of GLUT-4 activity 

aree responsible for the changes in glucose metabolism seen in HIV-

infectedd patients with established lipodystrophy. 

Inn the general discussion in Chapter  9 recent findings with respect to 

HAART-inducedd hyperlipidemia and their clinical implications are 

discussed.. In addition, the different aspects of the lipodystrophy 

syndromee are characterised and potential mechanisms explaining the 

variouss aspects of the syndrome are discussed. An alternative 

mechanismm explaining the occurrence of fat redistribution is proposed. 

Finally,, a figure is presented that provides a schematic overview of the 

differentt mechanisms involved in the occurrence of the syndrome and 

theirr relation with the initiation of HAART. 
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Wereldwijdd zijn op dit moment naar schatting tenminste 42 miljoen 

mensenn geïnfecteerd met het Humaan Immunodeficiëntie Virus (HIV) . 

Zonderr adequate behandeling breekt dit virus het afweersysteem af. 

Hett l ichaam wordt daardoor vatbaarder voor infecties en bepaalde 

vormenn van kanker. Door de introductie in 1996 van de tegenwoordige 

combinatietherapiee voor de behandeling van met HlV-geïnfecteerde 

pat iëntenn is de sterfte ten gevolge van AID S in de ontwikkelde wereld 

dramatischh gedaald. Op dit moment worden er drie verschillende 

klassenn geneesmiddelen op grote schaal in de praktijk toegepast. De 

proteasee remmers, de nucleoside reverse transcriptase remmers en de 

non-nucleosidee transcriptase remmers. 

Dee standaard combinatietherapie voor de behandeling van met HIV 

geïnfecteerdee patiënten bestaat op dit moment uit een combinatie van 

tweee van deze klassen. Een eerste voorbeeld van een vierde klasse 

remmers,, de zogenaamde HIV-fusie remmers, is recent in de Verenigde 

Statenn geregistreerd. Het succes van de combinatie therapie wordt 

potentieell  ondermijnd door het optreden van een aantal bijwerkingen op 

hett gebied van de stofwisseling die tezamen het lipodystrofie syndroom 

genoemdd worden. Dit syndroom bestaat uit een verstoorde vetverdeling 

vann het lichaam. Het vet neemt af in het gelaat, de benen, armen en de 

billen.. Hierbij zien we soms, maar niet altijd, een toename van vet in de 

buikholte,, nek en/ of borsten (illustratie pagina 12). Dit gaat veelvuldig 

gepaardd met afwijkingen in de suikerstofwisseling, lijkend op de 

afwijkingenn bij suikerziekte, en een stijging van de bloedvetten 

(cholesteroll  en triglyceriden). Het doel van dit proefschrift was om de 

verschillendee aspecten van dit syndroom nader te karakteriseren 

waarbijj  de nadruk heeft gelegen op de afwijkingen in de suiker- en 

vetstofwisseling. . 

I nn hoofdstuk 1 wordt een historisch overzicht gegeven over het 

ontstaann van dit syndroom. Veranderingen in de suiker(glucose)-, 

vetstofwisselingg en in de energiehuishouding tijdens het natuurlijk 

verloopp van een onbehandelde HIV- infectie worden beschreven. Tot slot 

wordenn twee gepubliceerde hypotheses die het optreden van 

lipodystrofiee menen te kunnen verklaren besproken. 
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Aanvankelijkk werd gedacht dat het lipodystrofie syndroom uitsluitend 

veroorzaaktt werd door de protease remmers. Al snel werd echter 

duidelijkk dat de stoornissen in de vetverdeling ook optraden bij 

patiëntenn die deze middelen nog nooit hadden gebruikt maar alleen 

behandeldd waren met geneesmiddelen uit een andere klasse, de 

nucleosidee reverse transcriptase remmers. Het effect op de vetverdeling 

vann een combinatie van deze twee klassen geneesmiddelen in 

vergelijkingg met behandeling met uitsluitend proteaseremmers was 

destijdss nog onduidelijk. In hoofdstuk 2 bestudeerden we deze vraag. 

Dee belangrijkste conclusie van deze studie is dat de stoornissen in de 

vetverdelingg veel vaker voorkomen bij patiënten die gelijktijdig met 

zowell  protease remmers als ook met een NRTI werden behandeld in 

vergelijkingg tot patiënten behandeld met uitsluitend protease remmers 

(25%% vs 8%). 

Naastt de afwijkingen in de vetverdeling treden ook veelvuldig 

afwijkingenn in de bloedvetten op. Met name de protease remmers zijn 

geassocieerdd met stijgingen in het "slechte" cholesterol (zgn. LDL-

cholesterol)) waarbij het "goede" cholesterol (HDL-cholesterol) niet 

wezenlijkk verandert. Zorg is dan ook dat patiënten op de (midden)lange 

termijnn wellicht een verhoogd risico hebben op het optreden van hart-

enn vaatziekten. In hoofdstuk 3 vergelijken we de veranderingen in 

bloedvettenn bij patiënten die behandeld worden met 2 nucleoside 

reversee transcriptase remmers waaraan toegevoegd hetzij een protease 

remmer,, hetzij een derde nucleoside reverse transcriptase remmers of 

eenn non-nucleoside reverse transcriptase remmer. We vonden dat bij 

patiëntenn die behandeld werden met de non-nucleoside reverse 

transcriptasee remmer nevirapine het "goede" cholesterol (HDL-

cholesterol)) met 49% steeg. Deze stijging zou kunnen leiden tot juist een 

verminderdd risico op hart- en vaatziekten. In hoofstuk 4 beschrijven 

wee wat theoretisch de implicaties van deze bevinding zouden kunnen 

zijnn voor de keuze van eerste lijns medicatie voor de behandeling van 

HIV-geïnfecteerdee patiënten. We postuleren dat met name bij HIV-

geïnfecteerdee patiënten die al voor starten van anti-HIV-therapie een 
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verhoogdd risico hebben op hart- en vaatziekten, bijvoorbeeld als gevolg 

vann roken, hoge bloeddruk, suikerziekte en/of een eerstegraads 

familielidd welke op jonge leeftijd een hartinfarct en/of beroerte heeft 

gehad,, therapie met een non nucleoside reverse transcriptase remmer 

sterkk overwogen dient te worden. De stijging in het HDL-cholesterol, 

veroorzaaktt door de non-nucleoside reverse transcriptase remmers zou 

bijj  deze patiënten het risico op hart- en vaatziekten kunnen 

verminderen,, terwijl dit risico bij behandeling met protease remmers 

potentieell  stijgt. Of HlV-geïnfecteerde patiënten daadwerkelijk een 

verhoogdd risico hebben op het optreden van hart- en vaatziekten is 

overigenss nog steeds onderwerp van discussie. 

I nn hoofdstuk 5, 6 en 8 onderzochten we de afwijkingen in de suiker- en 

energiehuishoudingg en lichaamsvetafbraak bij patiënten met ernstige 

afwijkingenn in hun vetverdeling die protease remmers gebruikten. Bij 

dezee patiëntengroep vonden we dat een aantal aspecten van de 

suikerstofwisselingg ernstig gestoord zijn (hoofdstuk 5). Naast 

belangrijkee stoornissen in de opname van suiker is ook de productie van 

suikerr door de lever en de vetafbraak verhoogd in vergelijking met 

gezondee vrijwilligers. Al s aan gezonde vrijwilliger s via een infuus het 

hormoonn insuline toegediend wordt neemt de suikeropname met 200% 

toee en wordt de suikerproductie en vetafbraak volledig geremd. Bij 

pat iëntenn met lipodystrofie neemt de suikeropname slechts met 27% toe 

enn daalt de suikerproductie en vetafbraak veel minder dan bij de 

gezondee vrijwilligers. 

Hiernaastt laten we in hoofstuk 6 zien dat de totale vetafbraak bij 

lipodystrofiee net zo hoog is als bij onbehandelde HlV-geïnfecteerden. Na 

toedieningg van een infuus met een krachtige stimulator van de 

vetafbraakk (adrenaline) was er geen verschil tussen patiënten met 

lipodystrofiee en de onbehandelde HlV-geïnfecteerden in hun reactie 

hierop. . 

Onzee onderzoeksgroep heeft eerder aangetoond dat bij onbehandelde 

HlV-geïnfecteerdenn het energieverbruik in rust ongeveer 10% hoger is 

dann bij gezonde vrijwilligers. In de door ons onderzochte groep patiënten 
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mett lipodystrofie bleek het energieverbruik in rust zich genormaliseerd 

tee hebben. 

All  langer was bekend was dat de protease remmers bij gezonde 

vrijwilliger ss acuut de suikeropname remmen. Het mechanisme 

hierachterr is ook bekend en berust op een directe remming van de 

activiteitt van een eiwit dat cruciaal is voor de opname van suiker in 

weefselss (GLUT-4). 

Hett is onbekend of de bijwerkingen zoals hierboven beschreven 

reversibell  zijn. In hoofdstuk 8 bestudeerden we het effect van 96 

wekenn stoppen met een proteaseremmer op de suiker-, vetstofwisseling 

enn de reversibiliteit van de stoornissen in de vetverdeling. We 

concludeerdenn dat de gestoorde vetverdeling niet wezenlijk verbetert. 

Dee vetafbraak, waarvan we in hoofstuk 6 hebben laten zien dat deze bij 

lipodystrofiee verhoogd is, normaliseerde zich grotendeels. 

Inn tegenstelling tot deze belangrijke verbetering in de vetafbraak waren 

err slechts subtiele verbeteringen in de suikerstofwisseling. De 

suikeropnamee verbeterde zich volstrekt niet terwijl de verwerking van 

hett suiker dat de cel inkomt verbetert (de suiker verbranding(oxidatie) 

namm toe). Tot slot daalde de nuchtere suikerproductie iets, maar deze 

bleeff  nog steeds fors verhoogd ten opzichte van gezonde vrijwilligers. 

Ui tt deze studie concludeerden we dat er bij HlV-geïnfecteerden 

patiëntenn met stoornis in de vetverdeling blijkbaar meer aan de hand is 

dann alleen de door proteaseremmers- geïnduceerde remming van de 

suikerr transporter GLUT-4. Deze conclusie trekken we omdat ook na 

stoppenn van de proteaseremmers er stoornissen in suiker- en 

vetverdelingg blijven bestaan, terwijl sommige aspecten zich wel degelijk 

herstellen. . 

Inn hoofdstuk 7 bestudeerden we de door K. Brinkman et al geponeerde 

hypothesee dat het vetverlies bij lipodystrofie onstaat door een stoornis 

inn de energiehuishouding van vetcellen, dat zich binnen in de cel in 

belangrijkee mate afspeelt in een celonderdeel dat een mitochondrion 

heet.. Een cel bevat een variabel aantal van deze mitochondria. 

Achtergrondd voor de hypothese is dat sommige NRTIs de deling van 
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mitochondriaall  DNA remmen en derhalve zouden kunnen leiden tot een 

niett goed functionerende vetcel, resulterend in celdood (zich uitend in 

vetverlies).. Binnen de klasse van NRTIs remt stavudine (d4T) deze 

delingg van mitochondriaal DNA veel meer dan zidovudine (ZDV). Bij 

pat iëntenn die met d4T- of met ZDV-bevattende therapie werden 

behandeldd bepaalden we objectief het vóórkomen van stoornissen in de 

vetverdelingg na ongeveer 4 jaar behandeling. Van de met d4T-

behandeldee pat iënten had 82% stoornissen in de vetverdeling ten 

opzichtee van slechts 9% in de met ZDV-behandelde patiënten. 

Hiernaastt maten we de hoeveelheid mitochondriaal DNA in witte 

bloedcellen.. Deze daalde bij alle patiënten fors na 4 jaar therapie. Tot 

slott maten we de hoeveelheid mitochondriaal DNA ook in vetcellen uit 

hett bovenbeen. Ondanks het indrukwekkende verschil in het vóórkomen 

vann gestoorde vetverdeling tussen de met d4T- en ZDV-behandelde 

pat iëntenn (82% vs 9%) vonden we geen verschil in de hoeveelheid 

mitochondriaall  DNA in de vetcellen. Op basis hiervan concludeerden we 

datt het onwaarschijnlijk is dat het verschil in vóórkomen van gestoorde 

vetverdelingg tussen de twee middelen alleen berust op een afname van 

mitochondriaall  DNA in vetcellen. 

I nn de discussie in hoofdstuk 9 wordt dieper ingegaan op de klinische 

implicatiess van de verschillende aspecten van het lipodystrofie 

syndroom,, zoals hierboven beschreven. Op grond van studies in dit 

proefschriftt en recent verrichtte andere studies in het AMC wordt een 

alternatievee ontstaanswijze voor de stoornissen in de vetverdeling 

voorgesteld.. Tot slot wordt er een schematisch overzicht gegeven van de 

verschillendee mechanismen die betrokken kunnen zijn bij het ontstaan 

vann het lipodystrofie syndroom in relatie tot het gebruik van HIV 

proteasee remmers en nucleoside reverse transcriptase remmers. 
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Dankwoord Dankwoord 

Naa 4 jaar is het klaar! Het werk in dit proefschrift was nooit tot een 

goedd einde gekomen zonder de hulp/ steun van een groot aantal mensen 

diee ik hieronder dan ook persoonlijk voor hun inzet en/ of medeleven wil 

bedanken. . 

Prof.dr.H.P.Sauerwein,Prof.dr.H.P.Sauerwein, beste Hans. Tijdens mijn studie al was ik onder 

dee indruk van jouw bevlogen manier van kennisoverdracht waarmee je 

ons,, 'nog onwetende' zielen, om 9.00 uur 's ochtends de grondbeginselen 

vann shock probeerde bij te brengen. Deze bevlogenheid in combinatie 

mett jouw bijzonder creatieve geest heeft me de afgelopen jaren bijzonder 

geïnspireerd.. De gave om altijd de grote lijnen te blijven zien en met 

namee om deze in simpele bewoordingen over te brengen heeft me 

absoluutt behoed voor het verdwalen in een groot onzeker moleculair 

biochemischh woud. Mede hierdoor heb ik de afgelopen 4 jaar ervaren als 

eenn feestelijke ri t in een endorfineproductie stimulerende rollercoaster. 

Ikk hoop dan ook de komende jaren nog veelvuldig van je creativiteit (en 

kookkunsten)) te mogen genieten. 

Prof.dr.Prof.dr. J.M.A.Lange, beste Joep. Met groot plezier heb ik de afgelopen 

tij dd met je samengewerkt. Het blijf t voor mij een groot raadsel hoe je 

binnenn je overvolle agenda toch de tijd weet te vinden om altijd te weten 

watt Ajax gedaan heeft. 

Dr.Dr. P. Reiss, beste Peter. Kort nadat ik gestart was met onderzoek 

onderr jouw dagelijkse (bege)leiding was me duidelijk dat het wel zou 

klikkenn tussen ons. Jouw open karakter en talent om mensen op precies 

hett juiste moment in een net iets diepere bad te laten springen zonder 

acuutt risico op verdrinkingsdood maken samenwerken met jou tot iets 

geweldigs.. Heb bijzonder veel van je geleerd en hoop ook in de toekomst 

veelvuldigg met je te mogen samenwerken. 
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Dr.J.A.Dr.J.A. Romijn, beste Hans. Je input heeft tot een aantal bijzonder 

waardevollee verbeteringen geleid in mijn proefschrift. Verder was het 

eenn genoegen om weer een 'TOP'- mailtje te ontvangen als een stuk 

geaccepteerdd was. Wist niet dat je TTOOOOOOPPP! op zoveel 

verschillendee wijzen kunt schrijven! 

Enn dan Rob Simonse 'Opper-verpleegkundig coördinator van het 

metabooll  AMC-IATEC HIV onderzoek'. Zonder jouw 110% inzet zou de 

Reversee nooit tot een goed einde zijn gekomen en had ik absoluut nog 

meerr wallen gehad dan nu, en een kalend kruin van de kopzorgen. 

Mij nn (ex)collegae artsen op de IATEC, Daan, Daniel, Ferdinand, Jet, 

Joost,, Katalyn, Miriam, Monique, Radjin, Rieneke, Sanjay, Selwyn, 

Thomas,, Vincent, met wie ik bijna allemaal gedurende kortere of 

langeree tij d een kamer heb gedeeld wil ik danken voor de bijzonder 

gezelligee tijd. 

Mij nn Metabole collegae Peter Bisschop, Jesse -leishmaniasis- de Metz, 

Gideonn -mazzel en broche- Allic k en Saskia—reddende engel in tijden 

vann bijna fataal insomnia syndroom-van der Crabben: Dank voor het 

feitt dat julli e nooit te beroerd waren om me uit de brand te helpen. 

Verderr ui teraard ook Anne- coördinator istopen zaken en consulente 

twins-- van Kempen, Felix-'het brein'- Kreiers, Mireille- the muscle -

Serliee (je ziet er bijna niets meer van), Regje Blumers, Rik Heijligenberg 

Fredd Meijer en Judi th Weert. 

Erikk Endert, Mariette Ackermans, Ann Ruiter en Mignonne Fakkel wil 

ikk danken voor hun geweldige assistentie en jaren Reverse gerelateerde 

analysen. . 

Statist ischee ondersteuning was onontbeerlijk. Gerrit-Jan Weverling wil 

i kk gigantisch danken voor alle tijd die je in 'mijn metabolisme' hebt 

gestoken.. Zal onze gesprekken onder het nuttigen van een gin-tonic 

kijkendd naar een Afrikaanse zonsondergang niet snel vergeten. Tevens 
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will  ik ook Frank van Leth danken voor je 'open-deur beleid' en het feit 

datt je naast de 2NN en andere drukke bezigheden altijd tijd hebt gehad 

omm mij wat grondbeginselen van de statistiek bij te brengen. 

Astridd van Hes bedankt voor de gezellige samenwerking op de 

woensdagmiddagen. . 

Keess Brinkman, Jos Frissen en Hugo Weigel die me tijdens mijn eerste 

schredenn op het Inwendige Geneeskunde- veld hebben bijgestaan en na 

wienss wijze raad ik besloot om aan dit grote AMC-IATEC avontuur te 

beginnen. . 

All ee anderen met wie ik bij de totstandkoming van delen van dit 

proefschriftt met veel genoegen heb samengewerkt. Cees van Cuyck, 

Svenn Danner, Berthe van Eck-Smit, Hendrik-Jan Hulsebosch, Henri 

Molhuizen,, Pythia Nieuwkerk, Tony de Ronde, Jos Ruiter, Rebecca 

Stellatoo en Ron Wanders en alle anderen: Bedankt! 

Joz.. de Loose dank ik voor het exposeren van zijn werk in Brussel zodat 

ikk het tegen het lij f kon lopen en voor zijn toestemming om zijn 

prachtigee werk op de omslag van mijn proefschrift te mogen gebruiken. 

Inn het bijzonder wil ik de negen deelnemers aan de Reverse studie 

dankenn voor hun bereidheid om gedurende twee jaar lang maand in 

maandd uit naar het AMC te komen en al deze onderzoekingen te 

ondergaann als of het niets was! Dank voor julli e gigantische inzet! Ik 

hebb het erg gezellig gevonden. 

Henkk en Joris. Super dat julli e mijn paranimfen wilden zijn. 

Lievee Mam, gigantisch bedankt voor al je hulp en steun. 

Enn tot slot mijn lieve Kimmetje, Floris en Tijn zonder wie ik geen schim 

zouu zijn van diegene die ik nu ben. Tot de maan en terug! 
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CurriculumCurriculum Vitae 

Dee auteur van dit proefschrift werd geboren op 27 februari 1974 in 
Amsterdam.. Na het behalen van zijn gymnasium-p diploma aan het 
Casimirr Lyceum te Amstelveen startte hij in 1992 met zijn studie 
Geneeskundee aan de Universiteit van Amsterdam. Vanaf 1998 werkte 
hijj  gedurende 1 jaar als arts-assistent niet in opleiding Inwendige 
Geneeskundee in het Onze Lieve Vrouwe Gasthuis te Amsterdam. 
Hiernaa trad hij in dienst bij het International Antiviral Therapy 
Evaluationn Center waar hij als arts-onderzoeker gedurende 4 jaar 
werktee aan de in dit proefschrift gepresenteerde onderzoeken. Hij is 
getrouwdd en vader van twee geweldige zonen Floris en Tijn. In oktober 
20033 zal hij zijn opleiding Inwendige Geneeskunde aanvangen in het 
AMC. . 
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Stellingenn behorend bij proefschrift 

'Metabolicc complications of antiretroviral therapy' 

1.. Niet alleen proteaseremmers maar ook nucleoside reverse transcriptase 
remmerss dragen beiden bij aan het ontstaan van gestoorde vetverdeling bij 
mett HIV-1 geïnfecteerden patiënten, (dit proefschrift) 

2.. Twee jaar na stoppen van proteaseremmers verbetert de gestoorde 
vetverdelingg bij patiënten met lipodystrofie niet. (dit proefschrift) 

3.. Bij de keuze van eerstelijns antiretrovirale therapie dient rekening gehouden te 
wordenn met de a-priori kans op hart- en vaatziekten, (ditproefschrift) 

4.. 'Het ' lipodystrofie syndroom bestaat niet. (ditproefschrift) 

5.. Wetenschap = Profvoetbal, vaak een roeping, creatief en modieus maar altijd 
aangestuurdd door kapitaal (-krachtigen). 

6.. La edad es algo que no importa, a menos que usted sea un queso 
(Agee is something that does not matter, unless you are a cheese), 
LuisBunuel,, 1900-1983. 

7.. De relevantie van een relatief risico is relatief; desalniettemin zijn cohort 
studiess noodzakelijk ter verschaffing van inzicht. 

8.. Gestoorde vetverdeling zou een hersenziekte kunnen zijn (Kreier et al JCI 
2003) ) 

9.. De introductie van HlV-remmers heeft veel te weeg gebracht 

10.. Zelfs het kabinet Harry Potter deel 2 kan het getij niet keren. 

11.. Wat vroeger een mogelijkheid was, is nu een handicap (J. Cruyff, filosoof, 26 
febrr '03 Ajax- Arsenal 0-0) 

Marcc van der Valk, Amsterdam, 2003 
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