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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) ) 
Figuree 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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Figuree 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] 

78 8 



LipidLipid profiles associated with antiretroviral drug choices 

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. . 

79 9 



ChapterChapter 4 

References s 

l .Palellaa FJ, Delaney KM , Moorman AC, et al: Dec l in ing morbidi t y and 
mor ta l i t yy among pat ien ts wit h advanced human immunodef ic iency 
v i ru ss in fect ion. N.Engl.J.Med. 1998, 338:853-860. 

2.Ledergerberr B, Egger M, Opravil M, et al: Cl inica l progression and 
v i ro log ica ll  fai lur e on highly act ive ant i retrovira l therapy in HIV- 1 
pat ients::  a prospect ive cohort study. Swiss HI V Cohort Study. Lancet 
1999,, 353:863-868. 

3.Carrr A, Samaras K, Burton S, et al: A syndrome of per ipheral 
l ipodyst rophy ,, hyper l ip idaemia and insul i n res is tance in pat ients 
rece iv ingg HI V protease inhibitors . AIDS 1998, 12:F51-F58. 

4.Carrr A, Samaras K, Chisholm DJ, Cooper DA: Abnorma l fat d istr ibut io n 
andd use of pro tease inhibitors . Lancet 1998, 351:1736 

5.Maggii  P, Serio G, Epifani G, et al: Premature les ions of the carot id 
vesse lss in HIV-1-infected pat ients t reated wi t h protease inhibi tors . 
AIDSAIDS 2000, 14:F123-F128. 

6.Maggii  P, Fiorentino G, Epifani G, et al: Premature vascular  les ions in 
HIV-posi t iv ee pat ients: a clockwork bomb that wi l l explode? AIDS 2002, 
16:947-948. . 

7.Behrenss G, Schmidt H, Meyer D, Stoll M, Schmidt RE: Vascular 
compl ica t ionss assoc ia ted wit h use of HI V protease inhibi tors . Lancet 
1998,, 351:1958 

8.Davidd MH, Hornung R, Fichtenbaum CJ: Ischemic cardiovascular 
d iseasee in persons w i t h human immunodef ic iency v i ru s infect ion. 
Clin.Infect.Dis.Clin.Infect.Dis. 2002, 34:98-102. 

9.Henryy K, Melroe H, Hermundson J, Levine C, Swensen L, Daley J: Severe 
prematur ee coronary arter y disease wi t h protease inhibi tors . Lancet 
1998,, 351:1328 

10.Duongg M, Buisson M, Cottin Y, et al: Coronary heart d isease associated 
w i t hh th e use of h u m an immunodef ic iency v i ru s (HIV)- 1 protease 
inh ib i tors ::  repor t of four  cases and review. Clin.Cardiol. 2001, 24:690-
694. . 

80 0 



LipidLipid profiles associated with antiretroviral drug choices 

ll.Grunfeldd C, Kotler DP, Hamadeh R, Tierney A, Wang J, Pierson RN: 
Hypertriglyceridemi aa in the acquired immunodeficiency syndrome. 
Am.JMedAm.JMed 1989, 86:27-31. 

12.Grunfeldd C, Pang M, Doerrler W, Shigenaga JK, Jensen P, Feingold KR: 
Lipids ,, lipoproteins, triglycerid e clearance, and cytokines in human 
immunodeficiencyy viru s infection and the acquired immunodeficiency 
syndrome.. J Clin Endocrinol Metab 1992, 74:1045-1052. 

13.Feingoldd KR, Krauss RM, Pang M, Doerrler W, Jensen P, Grunfeld C: The 
hypertriglyceridemi aa of acquired immunodeficiency syndrome is 
associatedd wit h an increased prevalence of low density lipoprotei n 
subclasss pattern B. J Clin Endocrinol.Metab. 1993, 76:1423-1427. 

14.Grunfeldd C, Kotler DP, Shigenaga JK, et al: Circulatin g interferon-alpha 
levelss and hypertriglyceridemi a in the acquired immunodeficiency 
syndrome.. Am.JMed 1991.Feb. 90:154-162. 

15.Mildvann D, Machado SG, Wilets I, Grossberg SE: Endogenous interferon 
andd triglycerid e concentrations to assess response to zidovudine in 
AID SS and advanced AIDS-related complex. Lancet 1992, 339:453-456. 

16.Sellmeyerr DE, Grunfeld C: Endocrine and metabolic disturbances in 
humann immunodeficiency viru s infection and the acquired immune 
deficiencyy syndrome. Endocr.Reu. 1996, 17:518-532. 

17.Steinn JH, Klein MA, Bellehumeur JL, et al: Use of human 
immunodeficiencyy virus-1 protease inhibitor s is associated wit h 
atherogenicc lipoprotein changes and endothelial dysfunction. 
CirculationCirculation 2001, 104:257-262. 

18.Wolff  K, Tsakiris DA, Weber R, Erb P, Battegay M: Antiretrovira l therapy 
reducess markers of endothelial and coagulation activation in patients 
infectedd with human immunodeficiency viru s type 1. J Infect.Dis. 2002, 
185:456-462. . 

19.Seminarii  E, Pan A, Voltini G, et al: Assessment of atherosclerosis using 
carotidd ultrasonography in a cohort of HIV-positiv e patients treated 
wit hh protease inhibitors . Atherosclerosis 2002, 162:433-438. 

20.Koppell  K, Bratt G, Schulman S, Bylund H, Sandstrom E: Hypofibrinolyti c 
statee in HIV-1-infected patients treated wit h protease inhibitor -
containingg highly active antiretrovira l therapy. J 
Acquir.Immune.Defic.Syndr.Acquir.Immune.Defic.Syndr. 2002, 29:441-449. 

81 1 



ChapterChapter 4 

21.Liangg JS, Distler O, Cooper DA, et al: HIV protease inhibitor s protect 
apolipoproteinn B from degradation by the proteasome: a potential 
mechanismm for  protease inhibitor-induce d hyperlipidemia. Nat.Med 
2001,, 7:1327-1331. 

22.Purnelll  JQ, Zambon A, Knopp RH, et al: Effect of ritonavi r  on lipid s and 
post-heparinn lipase activities in normal subjects. AIDS 2000, 14:51-57. 

23.Fauvell  J, Bonnet E, Ruidavets JB, et al: An interaction between apo C-
II II  variant s and protease inhibitor s contributes to high 
triglyceride/lo ww HDL levels in treated HIV patients. AIDS 2001, 15:2397-
2406. . 

24.Penzakk SR, Chuck SK: Hyperlipidemi a associated wit h HIV protease 
inhibito rr  use: pathophysiology, prevalence, risk factors and treatment. 
Scand.Scand. J Infect.Dis. 2000, 32:111-123. 

25.Haass D, Zala C, Schrader S, Thiry A, McGovern R, Schnittman S. 
Atazanavirr  Plus Saquinavir  Once Daily Favorably Affects Total 
Cholesteroll  (TC), Fasting Triglycerid e (TG), and Fasting LDL 
Cholesteroll  (LDL ) Profiles in Patients Failin g Prior  Therapy (Tria l 
AI424-009,, Week 48). 9th Conf Retrovir.Oppor.Infect.2002 Feb.24-28. 

26.Pilieroo PJ, Cahn P, Pantaleo G, et al. Atazanavir: A Once-Daily 
Proteasee Inhibito r  wit h a Superior  Lipi d Profile: Results of Clinical 
Trial ss Beyond Week 48. 9th Conf Retrovir.Oppor.Infect.2002 Feb.24-
28.28. [Abstract 706-T]. 

27.Parkerr RA, Wang S, Meyers D, et al: Differentiatio n of HIV protease 
inhibitor ss in models of lipi d and glucose metabolism and gene 
expressionn in adipocytes and hepatocytes. Antivir.Ther. 2001, 
6(supplementt  4):67 

28.Tashimaa K, Staszewski S, Stryker R, et al. A phase III , multicenter, 
randomized,, open-label study to compare the antiretrovira l activit y 
andd tolerabilit y of efavirenz+indinavir , versus 
efavirenz+zidovudine+lamivudine,, versus 
indinavir+zidovudine+lamivudin ee at 48 weeks. 6th Conference on 
RetrovirusesRetroviruses and Opportunistic Infections, Chicago, IL, January 31-February 4, 
1999.1999. [Abstract LB 16]. 

29.vann der Valk M, Kastelein JJ, Murphy RL, et al: Nevirapine-containing 
antiretrovira ll  therapy in HIV- 1 infected patients results in an anti-
atherogenicc lipi d profile . AIDS 2001, 15:2407-2414. 

82 2 



LipidLipid profiles associated with antiretroviral drug choices 

30.vann der Valk M, Kastelein J J P, Murphy R, et al: Rise in HDL-cholesterol 
associatedd wi t h nev i rap ine-conta in ing ant i retrovira l therapy in HIV- 1 
infectedd pat ients is susta ined over  96 weeks of t reatment. Antivir.Ther, 
2001,, 6 (supplement 4):81 

31.Millerr GJ, Mille r NE: Plasma-high-densi ty- l ipoprotein concent ra t ion 
andd deve lopment of ischaemic heart-d isease. Lancet 1975, 1:16-19. 

32.Gordonn T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR: High 
densi tyy l ipoprote i n as a protect ive factor  against coronary heart 
d isease.. The Framingham Study. Am J Med 1977, 62:707-714. 

33.Abbottt RD, Wilson PW, Kannel WB, Castelli WP: High densi ty 
l ipoprotei nn cholesterol, total cholesterol screening, and myocardial 
infarct ion .. The Framingham Study. Arteriosclerosis 1988, 8:207-211. 

34.Wilsonn PW, Abbott RD, Castelli WP: High densi ty l ipoprote i n 
cholesteroll  and mortal i ty . The Framingham Heart Study. 
ArteriosclerosisArteriosclerosis 1988, 8:737-741. 

35.Assmannn G, Schulte H: Relat ion of h igh-densi ty l ipoprote i n 
cholesteroll  and t r ig lycer ide s to inc idence of a therosc lerot ic coronary 
arter yy d isease (the PROCAM exper ience). Prospect ive Cardiovascular 
Munsterr  study. Am J Cardiol 1992, 70:733-737. 

36.Frickk MH, Manninen V, Huttunen JK, Heinonen OP, Tenkanen L, Manttari 
M:: HDL-cholesterol as a risk factor  in coronary heart d isease. An 
updatee of the Hels inki Heart Study. Drugs 1990, 40 Suppl 1:7-12. 

37.Jacobss DRJ, Mebane IL , Bangdiwala SI, Criqui MH, Tyroler HA: High 
densi tyy l ipoprote i n cholesterol as a predictor  of card iovascular 
d iseasee mortal i t y in men and women: the fol low-up study of the Lipi d 
Researchh Clinic s Prevalence Study. Am J Epidemiol 1990, 131:32-47. 

38.Murphyy RL, Smith WJ: Swi tch studies: a rev iew. HIV Med 2002, 3:146-
155. . 

39.Clumeckk N, Goebel F, Rozenbaum W, et al: Simpl i f icat io n wi t h abacavir-
basedd tr ipl e nuc leos ide therapy versus cont inued protease inhibi tor -
basedd highl y act ive ant i retrovira l therapy in HrV-1-infected pat ients 
wit hh undetectab le p lasma HIV- 1 RNA. AIDS 2001, 15:1517-1526. 

40.Opravill  M, Hirschel B, Lazzarin A, et al: A randomized tr ia l of 
simplif ie dd main tenance therapy wi t h abacavir, lamivudine, and 

83 3 



ChapterChapter 4 

z idovud inee in h u m an immunodef ic iency v i ru s infect ion. J Infect.Dis. 
2002,, 185:1251-1260. 

41.Katlamaa C, Fenske S, Gazzard B, Lazzarin A, Beauvais L. Swi tch to 
t r iz iv i rr  ve rsus con t inued HAAR T provides equiva lent HIV- 1 RNA 
suppress ionn at 48 weeks (TRIZAL-AZL30002) . 41th Interscience 
ConferenceConference on Antimicrobial Agents and Chemotherapy (ICAAC), Chicago, 
2001.2001. [Abstract 1-671]. 

42.Fumeroo E, Fisac C, Crespo M, et al. Metabol i c and body composi t ion 
changess in pa t ien ts swi tching fro m a protease inhib i tor-contain in g 
reg imenn to Abacavir  (ABC), Efavirenz (EFV) or  Nevi rapine (NVP). 
Twe lve-monthh resul ts of a randomized study (LIPNEFA) . 14th World 
AIDSAIDS conference,Barcelona,July 2002.[Abstract ThPeB7354]. 

43.Murphyy R, Thiry A, Mancini M, Pokrovsky V, Rozenbaum W. Twelve 
w e e kss of a tazanavir  t reatment reverses nel f inavir-associated 
hyper l ip idemia ::  resu l ts fro m BMS AI424-044. 4th International Workshop 
onon Adverse Drug Reactions and Lipodystrophy in HIV, San Diego, 22-25 
SeptemberSeptember 2002,[Abstract 15]. 

44.Negredoo E, Cruz L, Paredes R, et al: Virological , immunological, and 
c l in ica ll  impact of sw i tch ing fro m protease inhibi tor s to nevi rapine or 
t oo efav i renz in pa t ien ts wi t h human immunodef ic iency viru s infect ion 
andd long- last ing vira l suppression. Clin.Infect.Dis. 2002, 34:504-510. 

45.Assmannn G, Cullen P, Schulte H: Simple scor ing scheme for 
ca lcu la t ingg the r isk of acute coronary events based on the 10-year 
fo l low-u pp of the prospect ive cardiovascular  Munster  (PROCAM) study. 
CirculationCirculation 2002, 105:310-315. 

46.Fichtenbaumm CJ, Gerber JG, Rosenkranz SL, et al: Pharmacokinet ic 
in te rac t ion ss b e t w e en protease inhib i tor s and stat ins in HI V 
seronegat ivee vo lunteers: ACTG Study A5047. AIDS 2002, 16:569-577. 

47.Hsyuu PH, Schultz-Smith MD, Lillibridg e JH, Lewis RH, Kerr BM: 
Pharmacok ine t icc interact ions be tween nelf inavi r  and 3-hydroxy-3-
methy lg lu tary ll  coenzyme A reductase inhib i tor s atorvastat in and 
s imvasta t in.. Antimicrob.Agents Chemother. 2001, 45:3445-3450. 

48.Moylee GJ, Lloyd M, Reynolds B, Baldwin C, Mandalia S, Gazzard BG: 
Dietar yy adv ice w i t h or  wi thou t pravastat in for  the management of 
h y p e r c h o l e s t e r o l e m iaa associated wi t h protease inhibi to r  therapy. 
AIDSAIDS 2001, 15:1503-1508. 

84 4 


