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Nevirapine,, efavirenz, and lipid changes 

Introductio n n 

Numerouss large epidemiological studies have unambiguously demonstrated a strong 
inversee relationship between the plasma concentration of high-densitv lipoprotein 
cholesteroll  (HDL-c) and the incidence of coronary heart disease (CHD).12 Recent 
attemptss to develop therapies aimed at increasing HDL-c as innovative CHD-risk 
reducingg strategies illustrate the potential of HDL-c as a potent antiatherogenic 
mediator.Vf l l 

Combinationn antiretroviral therapy (ART) for the treatment of HIV-1 infection 
hass been associated with fat redistribution, insulin resistance and changes in plasma 
concentrationss of lipids and lipoproteins.7 4 Each of these phenomena is associated with 
increasedd CHD risk in the general population. It is not surprising, therefore, that in the 
settingg of HIV-1 infection, increasing exposure to potent combination ART has been 
demonstratedd to be associated with an incremental risk of CHD in a recent prospective 
study.100 Interestingly, however, the changes in lipids and lipoproteins differ between 
patientss using an ART regimen containing a protease inhibitor (PI) or a non-nucleoside 
reversee transcriptase inhibitor (NNRTI). Whereas many of the Pi-based regimens are 
oftenn associated with increased levels of triglycerides (TG), total cholesterol (TC) and 
low-densityy lipoprotein cholesterol (LDL-c),^'11 NNRTl-based regimens importantly 
differr from Pi-based regimens by being associated with marked increases of HDL-c and 
lesserr increases of LDL-c and TG.1213 Notably, the increases in HDL-c demonstrated 
withh NNRTI-containing ART markedly exceed those that may be induced with any of 
thee currently licensed statins or fibrates.14 

Althoughh as vet no clinical data have been generated to support this, these 
differencess between ART regimens raise the expectation that NNRTl-based regimens, 
particularlyy in view of their effects on HDL-c, may favourably modify the CHD-risk 
comparedd with many of the Pi-containing regimens. With respect to the two currently 
commonlyy used NNRTIs, nevirapine (NVP) and efavirenz (EFV), no detailed 
comparativee data have been reported concerning their effect on plasma lipids and 
HDL-cc in particular. 

Wee prospectively analysed lipid and lipoprotein changes in a pre-planned sub-
studyy of the 2NN trial in which ART-naive patients received stavudine (d4T) and 
lamivudinee (3TC) with the randomly assigned addition of NVP, EFV or both drugs 
combined. . 

Methods s 

ParticipantsParticipants and treatment allocation 

Thee 2NN was an open-label study, the main results of which have been published 
elsewhere.155 Patients enrolled were 16 years of age or older, ART-naive and had a 
plasmaa HIV-1 RNA concentration (pVL) of at least 5000 copies/ml. Main exclusion 
criteriaa were pregnancy or breastfeeding, abnormal laboratory results at screening, the 
usee of immunomodulating therapy, or anticipated non-adherence. All patients used 
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d4TT (40 mg twice daily [hd] or 30 mg bd when < 60 kg) and 3TC {150 mg bd). In 
addition,, patients were randomly allocated to NVP 400 mg once daily (od), NVP 200 
mgg bd, EFV 600 mg od, or NVP+EFV 400+800 mg od. Patients were included from 65 
differentt study sites in 17 countries in Asia, Australia, North America, South America, 
Southh Africa and Europe. The 2NN study had been approved by the ethics committees 
off  all participating institutions, and all patients had given written informed consent. 

Thee current analyses were pre-planned. Only those patients were included who 
usedd all components of their allocated treatment for at least 95% of the time during the 
488 weeks of follow-up (self-reported). Change of d4T and/or 3TC was allowed for 
reasonss of toxicity. Employing such 'on-treatment' (OT) analysis, allows the best 
possiblee assessment of lipid changes that actually result from differences in regimens. 
Patientss in the NVP-od and NVP-bd groups were combined, given that the virologie 
efficacyy of these treatment groups was comparable and no differences in risk of 
virologiee failure were observed. 

Follow-upFollow-up and assess>nents 

Plasmaa samples for prospective determination of lipids and lipoproteins were collected 
att baseline (before start of treatment), weeks 2, 4, 8, 12, 24, 36 and 48. Bloods were 
drawnn after a mandatory fast of at least 3 hours. The samples were analysed in the local 
laboratoriess according to predefined protocols. These laboratories were selected by the 
Virtuall  Central laboratory (Zeist, The Netherlands), which also assured the quality of 
thee analyses and data, and standardised all results. Plasma concentrations of HDL-c, 
TC,, and TG were assessed by standard enzymatic assays. The concentration of LDL-c 
wass calculated using the Friedewald equation, but only when the concentration of TG 
wass below 4.5 mmol/I.l f 1 Because the calculation of LDL-c depends on the measured TG 
concentrationss and these TG levels might be biased due to the relatively short 
mandatoryy fasting period, we also calculated the non-HDL levels. These are considered 
too be much less influenced bv TG levels. The pVL was measured at a central laboratory 
(LabCorp,, Research Triangle Park, NC, USA) using Ultrasensitive Roche Amplicor 1.5 
(Rochee Diagnostics, New jersey, USA) with a lower limit of quantification of 50 
copies/ml. . 

OutcomeOutcome measures 

Thee primary study outcome was the mean percentage change of HDL-c, TC, TC:HDL-c 
ratio,, non-HDL-c, LDL-c, and TG between start of allocated treatment and week 48. For 
eachh patient at each specific study week we calculated this estimate as concentration at 
weekk X minus concentration at baseline divided bv concentration at baseline, times 100. 
Studyy week specific estimates were used for the subsequent analyses. 

Factorss assessed for a possible association with the primary outcome were sex, 
geographicall  region (Asia/Australia, South Africa, South America, Europe/North 
America),, Body Mass Index (continuous), increase between start of therapy and week 
488 in CD4+ cells {< 100, 100-250, > 250 cells/mm1) or decrease in pVL (< 25, 2.5-3.5, > 
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3.55 login), and virologie failure during follow-up. Virologie failure was defined as never 
havingg obtained a pVL < 50 copies/ml, or a rebound to two consecutive pVL > 50 
copies/ml.. A single pVL > 50 copies/ml at week 48 was also considered a virologie 
failure. . 

StatisticalStatistical analyses 

Thee analyses included the NVP and EFV treatment groups only. This choice was made 
sincee the results of the main 2NN study clearly showed that the simultaneous use of 
NVP+EFVV shouldn't be recommended in clinical practice in view of increased toxicity 
off  this combination in the absence of increased virologie efficacy. 

Thee mean percentage changes in lipid concentrations were modelled using a 
mixedd model incorporating repeated measurements. This model handles missing data 
adequatelyy by estimating the outcome of a specific variable based on the available data 
givenn the specified covariate structure. The variables (fixed effects) in the model were 
testedd for significance using the Type III F-statistic. The estimates of a specific level of 
thee fixed effect were modelled using the 'least squared means' approach. Differences in 
thesee estimates between different levels of the variable were tested for significance 
usingg the t-statistic. 

Sincee the analyses might be biased due to the OT approach or the modelling of 
data,, we performed two sensitivity analyses. The first was an analysis using the same 
modellingg strategy but for an intention-to-treat (ITT) population including all patients 
whoo started their randomised treatment. The second was an analysis using only 
availablee data for the OT population, without modelling of data points. 

Independentt risk factors were assessed by multivariable regression analyses. 
Thee multivariable analysis included the variable 'treatment group' and all pre-defined 
variables.. Interaction between treatment group and a specific variable was assumed at 
aa p-value < 0.15. A two-sided p-value < 0.05 was considered statistically significant in 
thee final analyses. The SAS statistical package was used for analyses (version 8.02, SAS 
institute,, Cary, North Carolina, USA). 

Results s 

DispositionDisposition of patients 

Off  the 1216 patients included in the 2NN study, 607 were allocated to the NVP 
treatmentt group and 400 to the EFV treatment group. Of these, 42 (6.9%) patients in the 
NVPP group and 25 (6.3%) patients in the EFV group did not start their treatment or 
weree considered a 'study entry violator' bv an (blinded to treatment) independent 
endpointt committee. These patients were excluded from the analyses. From the 
remainingg patients (565 for NVP and 375 for EFV), only those who remained on their 
assignedd treatment during the follow' up were included in the analyses. This resulted in 
aa final sample size of 417 (68.7%) patients in the NVP group and 289 (72.3%) in the EFV 
group. . 
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Al ll  of the included patients had at least one measurement of each lipid parameter and 
couldd therefore be used in the statistical models. The baseline characteristics of the 
subsett of patients included in the current analyses are summarised in Table 1. Thev 
weree comparable with those of all patients enrolled in the main 2NN study. 

Tablee 1: Baseline characteristics. 

Male e 
Age,, years * 
Bodyy Mass Index * 
Region n 
Asia/Australia a 
Southh Africa 
Southh America 
Europe/Northh America 

CD4++ cells, cells/ mnr * 
pVL,, logm * 
CDC-elasss C 
Riskk behaviour 
Heterosexual l 
ii  lomosexual 
Intravenouss drug use 
Otherr / unknown 

N \ T T 
N=417 7 

2611 (63) 
355 (29-42) 
20(18-22) ) 

74(18) ) 
145(35) ) 
87(21) ) 
107(26) ) 

180(70-310) ) 
4.66 (4.4-5.4) 

89(21) ) 

2444 (59) 
115(27) ) 
15(4) ) 

433 (10) 

EFV V 
N=289 9 

1855 (64) 
355 (30-40) 
19(17-22) ) 

622 (22) 
108(37) ) 
61(21) ) 
588 (20) 

190(70-350) ) 
4.7(4.4-5.5) ) 

588 (20) 

1611 (56) 
933 (32) 
8(3) ) 
277 (9) 

11 otal 
N=70b b 

4466 (63) 
355 (30-40) 
20(17-22) ) 

136(19) ) 
2533 (36) 
148(21) ) 
165(23) ) 

180(70-330) ) 
4.7(4.5-5.5) ) 

147(21) ) 

4055 (57) 
2088 (29) 
233 (3) 
700 (10) 

Dataa are n (°o) unless stated otherwise. * Median (IQR). NVP=nevirapine. EFV=etavirenz. 
pVL=plasmaa viral load. CDC=Centers for Disease Control and Prevention. 

Inn the NVT3 group, 148 (26.2%) of the 565 eligible patients were not included in the OT 
analyses.. Of these 96 (65%) were non-adherent (including lost to follow-up while on 
randomisedd treatment), 30 (20%) changed their NNRT1 to EFV, and 22 (15%) changed 
theirr regimen by adding a PI. In the EFV group, 76 (20.3%) of the 375 eligible patients 
weree not included in the OT-analyses. Of these 54 (71%) were non-adherent, 17 (22%) 
changedd their NNRTI to NVP, 3 (4%) added a PI, and 2(3%) added a third NRT1. 

ChangesChanges in lipids and lipoproteins 

Alll  changes within the treatment groups in lipid and lipoprotein concentration, as well 
ass in TQHDL-c ratio were statistically significant. 

Thee increase in HDL-c was 8.9% (95% confidence interval [CI]: 0.6 to 17.1) 
largerr in the NVP treatment group (42.5%) compared to the EFV treatment group 
(33.7%).. This was statistically significant (p= 0.036) (Table 2). In contrast, the increase in 
TCC was smaller in the NVP group (26.9%) compared to the EFV group (31.1%), but this 
differencee (- 4.2%, 95%CI: - 8.7 to 0.4) was not statistically significant (p=0.073). These 
changess resulted in a decrease of the TCTIDE-c ratio in the NVP group (- 4.1%) 
comparedd to an increase in the EFV group (+ 5.9%, p< 0.001), and a significant smaller 
increasee of non-HDL-c in the NVP group (difference: - 8.9%, 95% CI: - 15.4 to -2.5, 
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p=0.007.. The increase of TG was 28.9% (95% Cl: - 42.3 to -5.0) smaller in the NVP group 
(20.1%),(20.1%), compared to the EFV group (49.0%, p< 0.001). The difference in LDL-c increase 
wass not statistically significant (35.4% for the NVP group, 40.0% for the EFV group, 
p=0.378). . 

InIn the first sensitivity analysis (ITT-population), the increases of HDL-c were 
slightlyy lower (41.2% for the NVP group, 32.4% for the EFV group), just as for TC 
(26.1%% and 30.4%, respectively) and non-HDL-c (24.3% and 33.1%, respectively). The 
TCHDL-cc ratio showed a smaller decrease for patient receiving NVP (-2.6%), but a 
largerr increase for patients receiving EFV (+7.2%). The increase in TG was larger for 
bothh the NVP group (24.3%) and EFV group (49.3%). The LDL-c increase was 
somewhatt smaller for the NVP group (33.1%) but larger for the EFV group (47.3%). 

Thee difference between patients receiving NVP and those receiving EFV for 
HDL-cc (8.8%, 95% CI: 1.3 to 16.3) remained statistically significant, just as the difference 
inn the TC: HDL-c ratio (-9.8% 95% CI: -14.7 to -4.9), non-HDL-c (-8.8% 95% CI: -14.6 to -
3.0),, and TG (-24.9% 95% CI: -37.2 to -12.6). Additionally, the difference between NVP 
andd EFV treatment groups became statistically significant for TC (-4.2%, 95% CI: -8.5 to 
0.0)) and LDL-c (-14.2%, 95% CI: -28.4 to 0.0), compared to the original OT-analysis. The 
secondd sensitivity analysis (using only available data for the OT-popuIation) also 
showedd comparable estimates (data not shown). 

Thee increase in HDL-c for patients who started their ART when their HDL-c 
levelss were, according to the National Cholesterol Education Program (NCEP) guidelines, 
loww (< 1.03 mmol/1), normal (1.03-1.55 mmol/1), or high (> 1.55 mmol/1) are reported 
inn Table 3. In both treatment groups, the majority of patients had a low HDL-c at the 
startt of therapy. These patients showed the largest increase in HDL-c over 48 weeks. 
Evenn patients with a normal baseline HDL-c showed statistically significant, marked 
increasess of HDL-c. The effect of baseline HDL-c level on percentage increase was 
comparablee in both treatment groups (interaction: p=0.409). 

MultivariateMultivariate analyses 

Factorss independently associated with changes in the lipid concentrations were 
analysedd by a multivariable regression analyses (Table 4). 

Menn had a significantly smaller increase of HDL-c, compared to women, but a 
largerr increase of TC. This resulted in an increased TCHDL-c ratio for men and a 
decreasedd ratio for women, while the increase of non-HDL-c was significantly larger in 
men. . 

Thee changes in lipid concentrations varied markedly by region. Patients from 
Asia/Australiaa and South Africa had the largest decrease in the TC:HDL-c ratio due to 
ann increase of HDL-c that outweighed the increase of TC. Patients from South America, 
comparedd to those from other geographical regions, had a significantly smaller HDL-c 
increasee with a comparable TC increase, resulting in an increased TOHDL-c ratio. 
Althoughh patients from Europe showed the largest change in HDL-c, the increases in 
TCC and TQHDL-c ratio were intermediate. A striking finding is the much larger 
increasee of TG in patients from South America compared to patients from other regions 
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which,, to a lesser extent, was also seen for non-HDL-c. 
Forr all lipid concentrations, except TG, there was a clear pattern of larger 

increasess of lipid levels with larger decreases of pVL over 48 weeks. This was also seen 
whenn the pVL increase over 48 weeks was analysed as a continuous variable. For each 
loginn larger decrease in pVL there was a 4.6% increase in TC (p< 0.001), a 7.8% increase 
inn HDL-c (p< 0.001), a 10.2% increase in LDL-c (p< 0.001), and a 3.6% increase in non-
HDL-cc (p=0.002), while the TOHDL-c ratio declined with 1.6% (p=0.051). In this 
analysis,, there was also a clear association between pVL decline and change in TG 
(6.3%% decline per log™, p=0.002). 

Inn general, a smaller CD4+ cell increase was associated with a smaller increase 
inn lipid concentration, while increases of more than 250 cells/mm3 did not show 
markedlyy different effects compared to increases of 100-250 cel ls/mm\ When analysed 
ass a continuous variable, there was no statistically significant association between 
CD4++ cell increase and change in any of the lipid parameters. 

Bodyy Mass Index (BMI) was independently associated with increases in all 
lipi dd parameters, except TC. Although the increases per unit increase in BMI were 
statisticallyy significant, the magnitude of increases was rather low. 

Al ll  these factors exhibited a similar effect in both the NVP and the EFV group 
(noo significant interactions). There were, however, two exceptions. For changes in TG, 
thee effect of sex and pVL decrease differed between the study groups (interaction 
p=0.005,, and p=0.075, respectively). Men had a significant increase of TG in both the 
NVPP (14.1%) and the EFV group (43.3%); women using NVP had no significant TG 
increasee (6.5%%), while those using EFV had (15.9%). The effect of pVL decrease on TG 
increasee was quite different for patients receiving NVP compared to those receiving 
EFV.. In the NVP group, the increase in TG concentration was 17.2 % for a pVL decrease 
lesss than 2.5 log™, 16.6% for a decrease between 2.5 and 3.5 login, and - 6.1% (denoting 
aa decrease) for a pVL decrease more than 3.5 log™. In the EFV group, these estimates 
weree 27.4%, 37.2% and 26.0%, respectively. 

Tablee 3: Increase in high-densitv lipoprotein cholesterol, stratified bv baseline HDL-c group.* 

NVPP ËFV — — -
N=4177 N=289 

NN (%) % Increase N (%) % Increase 

Loww {< 1.03 mmol/1) 251(60.2) 53.7(3.0) 173(59.9) 51.1(4.3) 0.698 
Normall  (1.03-1.55 mmol/1) 140(33.6) 30.8(4.0) 95(32.9) 11.1(5.7) < 0.001 
Highh (> 1.55mmol/l) 26(6.2) -0.9(9.5) 21(7.3) -5.7(12.1) 0.614 

**  as defined by the National Cholesterol Education Programme (NCEP). HDL-c=high-densitv lipoprotein 
cholesterol.. NVP=nevirapine. EFV=efa\ irenz. 

Adjustingg for the variables included in the multivariable model, the difference between 
patientss receiving NVP and those receiving EFV in HDL-c increase (9.8%, 95% CI: 3.4 to 
16.3)) and decrease of the TOHDL-c ratio (-11%, 95% CI: -15.1 to -6.8) remained 
statisticallyy significant. Also, the difference in non-HDL-c increase (-9.5%, 95% CI: -14.6 
too -4.4) and TG increase (-27.2%, 95% CI: -38.0 to -16.4) remained statistically 

137 7 



Chapterr 8 

significant.. The difference in TC increase (-4.4%, 95% CI: - 8.0 to -0.8) became 
statisticallyy significant. The difference between NVP and EFV groups for the increase in 
LDL-cc remained statistically non-significant (-6.1%, 95% CI: -14.7 to 2.6). 

Thee adjusted increase of HDL-c was 42.3% and 32.4% for the NVP and EFV 
groups,, respectively (p=0.003). The adjusted change in TC:HDL-c ratio was - 4.3% for 
thee NVP group and + 6.6% for the EFV group (p< 0.001). These values were 26.6% and 
31.0%% for TC (p=0.020); 24.4% and 33.9% for non-HDL-c (p< 0.001); 17.9% and 45.1 % for 
TGG (p< 0.001); and 35.5% and 41.5% for LDL-c (p=0.168). These estimates were very 
similarr in the two sensitivity analyses (data not shown). 

Thee proportional changes of the different plasma lipid concentrations over 48 
weekss are graphically depicted in Figure l(a-f). 

Discussion n 

Initiationn of an ART regimen containing NVP or EFV is accompanied by a significant 
increasee of HDL-c, with concomitant increases of TC, non-HDL-c, TG, and LDL-c. The 
proportionall  increase of HDL-c was significantly larger in the NVP treatment group 
comparedd to the EFV treatment group, while the proportional increase of TC, non-
HDL-cc and TG was significantly smaller. In the NVP group, the TOHDL-c ratio 
decreasedd compared to an increase in the EFV group. These observations are different 
fromm what is seen with most Pi-based ART regimens, in which higher concentrations of 
TC,, LDL-c, and TG are reported but without the concurrent higher levels of HDL-c.17 '8 

Inn contrast to a small randomised study (;*=67) that did not show significant 
differencess between NVP and EFV  14, the present study demonstrates a more 
favourablee lipid profile for treatment including NVP than for treatment including EFV 
inn ART-naive patients. 

HDL-cHDL-c increase and NNRTI 

Increasess of HDL-c with the use of NVP or EFV have been described in studies for 
patientss switching from a Pl-based regimen to an NNRTI-based regimen.2021 Data for 
ART-naivee patients starting therapy with an NNRTI-based regimen are scarce. Van der 
Valkk et nl. reported an increase of HDL-c of 0.44 mmol/1 for patients initiating 
treatmentt with didanosine (ddl), d4T and NVP in the ATLANTI C trial.12 Tashima et al. 
reportedd an increase of HDL-c of 0.21 mmol/1 in patients treated with EFV and either 
zidovudinee plus 3TC, or indinavir n, while Negredo et al. showed an increased HDL-c 
concentrationn in therapy-naive patients starting a regimen of ddl, d4T and EFV (0.34 
mmol/1).22 2 

Thee present study showed a clear effect of baseline HDL-c on the proportional 
increasee of HDL-c. The largest increases were seen for patients who had an increased 
CHDD risk based on their low HDL-c level (< 1.03 mmol/1) according to NCEP 
guidelines.. But also patients with a normal HDL-c level, who are not at an increased 
CHDD risk, showed marked increases in HDL-c. This baseline effect can likewise be 
distilledd from the other studies, where those with the lowest baseline value (0.93 
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mmol/I,, ATLANTI C study12) showed the largest HDL-c increase, while the smallest 
increasee was seen in the study with the highest baseline value (1.23 mmol/1, Tashima et 
rt/.rt/.nn).). The studv by Negredo et rt/.21 that included patients with a similar baseline HDL-c 
ass in the present study showed a comparable increase of HDL-c (0.34 and 0.36 mmol/1, 
respectively).. The much more modest HDL-c increasing effect of statins likewise shows 
suchh an association with baseline level in patients without HIV-1. 

Onee may postulate that the HDL-c increase merely reflects an adequate 
suppressionn of HIV-1 infection ('return towards normal'). In support, a larger decrease 
inn pVL was associated with a larger increase of HDL-c in the present study. However, 
thee magnitude of the HDL-c increase was only slightly different for patients 
experiencingg virologie failure during these 48 weeks (29.5%) and those with complete 
suppressionn (34.0%, p=0.161), and the increases of HDL-c remained statistically 
significantt after adjustment for pVL decrease. 

Riddlerr et al. compared changes in lipid concentrations before seroconversion 
forr HIV-1, initiation of ART, and during ART in patients using different ART regimens, 
whichh all but one included a PL23 The period between seroconversion and start of ART 
wass characterised by decreases in TC, LDL-c and HDL-c. 

Betweenn initiation of ART and the first follow-up visit (mean: 1.3 years) the 
concentrationss of TC and LDL-c increased again to levels that did not differ 
significantlyy from before seroconversion. Such a 'return to normal' as a result of ART 
wass not seen for HDL-c. The reported increases by Riddler et al. in TC (0.88 mmol/1) 
andd LDL-c (0.41 mmol/1) were of a comparable magnitude to that found for patients 
receivingg NVP in this present study (0.97, and 0.55 mmol/1, respectively). However, the 
HDL-cc increase was more than ten times smaller (0.03 mmol/1) in the Riddler et al. 
studyy than the 0.36 mmol/1 observed in patients receiving NVP in the present study, 
whilee the mean HDL-c values at which ART was started were comparable in the two 
studiess (1.04, and 1.0 mmol/1, respectively). This indicates that although at least part of 
thee change in TC and LDL-c may reflect a 'return towards normal', the magnitude of 
thee HDL-c increase observed in our study must have occurred through additional 
mechanisms.. Since we have no information on the antiretroviral efficacy of the 
regimenss used in the Riddler et al. study, we have to consider that the reported 
differencess between the Riddler et al. study and the present study might be partly due 
too differences in HIV-1 suppression. However, the type of Pi-based regimens used by 
Riddlerr et al. study and the long-term adequate adherence by the patients, make large 
differencess in antiretroviral efficacy unlikely. 

Wee are currently conducting studies to unravel whether NVP possibly 
stimulatess synthesis of the most important apolipoprotein of HDL-c, apoAI, or 
alternativelyy for instance decreases the clearance of HDL-c particles. 
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Nevirapine,, efavirenz, and lipid changes 

Severall  studies have convincingly shown that an HDL-c increase is associated with a 
significantt decrease in CHD mortality independent of changes in LDL-c.1,2 Overall, 
extrapolationn of these studies indicate that a 0.025 mmol/1 increase in HDL-c is 
expectedd to be associated with a 2-3% reduction in CHD-risk, while an increase of 1.0 
mmol/11 in LDL-c wil l increase the CHD risk with 25%. The mean absolute increases 
(mmol/1)) in HDL-c and LDL-c were 0.36 and 0.54, respectively for patients receiving 
NVP,, and 0.24 and 0.65, respectively for patients receiving EFV. It can therefore be 
estimatedd that, taking both the observed effects on HDL-c and LDL-c into account, the 
reductionn in CHD-risk would be 15% for patients using NVP and 3% for patients using 
EFVV compared to ART regimens that do not include NNRTIs. Although the differences 
inn absolute concentrations of HDL-c- and LDL-c may seem modest when comparing 
thee NVP and EFV treatment groups, the combined effect of these changes on CHD risk 
seemss marked. 

Itt should be emphasised however that these are theoretical estimates, which do 
nott take into account that increases in TG would be expected to have an opposite effect 
onn CHD-risk. The increase in this last parameter is however smaller for NVP compared 
too EFV. Furthermore, we do not have information on the presence of conventional risk 
factorss for CHD. The actual effect of the lipid changes associated with particular ART 
regimenss on CHD can only be substantiated by clinical endpoint studies. 

ChangesChanges in TG, TC and LDL-c 

Thee data indicate that EFV might have a more detrimental effect on TG levels than 
NVP.. The observation that EFV indeed can be associated with an increase in TG was 
shownn in two studies, in which sporadically hypertriglvceridaemia was reported in 
patientss starting an ART regimen with EFV but without d4T.24 25 A difference between 
NVPP and EFV treatment with respect to the TG effect is also in line with a study by 
Negredoo ct al.2[) In this study patients were randomised to either continue their 
successfull  Pi-based regimen or to change to an NVP-based or an EFV-based regimen. 
Onlyy patients switching to the NVP regimen showed a significant decrease in TG levels. 
Thee proportional increase in TG levels for both NVP and EFV seems large, but the 
mediann absolute TG level at week 48 was still low in both treatment groups (1.2 
mmol/11 and 1.4 mmol/1, respectively). In the NCEP guidelines, a TG concentration 
beloww 1.69 mmol/1 is still considered normal.25 The increase in TG level is therefore 
probablyy not clinically meaningful. 

Thee differences between patients receiving NVP and those receiving EFV in 
changess in TC as well as TG are unlikely to be explained by the concurrent use of d4T. 
Inn both treatment groups, the percentage of patients who used d4T as part of their 
regimenn throughout follow up was high (96% in the NVP group and 98% in the EFV 
group).. This high rate of d4T use might, however, be responsible for the impression 
thatt the increases in TC and TG seem to continue or even accelerate towards the end of 
thee study period, as opposed to a somewhat declining effect on HDL-c after 24 weeks. 
AA possible explanation for this may be a gradual progressive worsening of fat 
redistributionn or lipodystrophy that one would expect to occur in this continuously 
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Figuree 1: Change in plasma concentrations of lipids and lipoproteins. Adjusted for sex, region, pVL decrease 
andd CD4+ cell increase. HDL-c=high-densitv lipoprotein cholesterol (A), TC=total cholesterol (B), TC:1 IDL-c 
ratioo (C), LDL-c=low-densitv lipoprotein cholesterol (D), non-HDL-c (E), TG=trigIvcerides. (F) 
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d4T-exposedd patient population. Both the incidence and severity of lipodystrophy are 
particularlyy increased with d4T-containing ART regimens, and lipodystrophy has been 
reportedd to be associated with increased of TC and TG levels.2702 It is therefore 
conceivablee that the lipid changes in the second part of the study represent a combined 
effectt of the NNRTI used and a superimposed effect resulting from gradually 
worseningg fat redistribution. 

Duee to the relativelv short mandatory fasting period (3 hours), the measured 
TGG concentration might be biased, possibly even more so given that H1V-1 infection 
mayy be associated with reduced TG clearance following food intake.33 As a 
consequence,, the estimates of calculated LDL-c might be biased. TG levels influences 
changess in non-HDL-c less. The fact that in the present study the increases of non-HDL-
c,, LDL-c and TG are all smaller for patients receiving NVP compared to those receiving 
EFVV suggests that the LDL-c and TG results are valid despite the potentially short 
mandatoryy fasting periods. 

ARTART and CUD 

Thee relationship between ART and CHD has been the subject of several studies, based 
onn either clinical or validated surrogate endpoints (like arterial intima-media thickness 
[IMT ]]  M or endothelial wall function 35). 

Studiess examining IMT in HlV-1-infected patients treated with ART, or more 
specificallyy with Pi-based ART, remain inconclusive as to whether ART use induces 
acceleratedd intima-media thickening.3639 Pi-use may have a detrimental effect on 
endotheliall  function in vivo, or accelerate foam cell formation in vitro.*1141 

Inn a retrospective clinical endpoint studv including almost 37000 patients, 
Bozzettee et al. reported no relation between ART use and hospital admission for 
cardiovascularr events.42, a finding confirmed in the 'Kaiser Permanente' cohort.43 

However,, the large prospective 'Data collection on Adverse events of anti-HIV Drugs' 
studyy (D:A:D), specificallv designed to identify the extent to which ART may be 
associatedd with increased CHD-risk, did show that every additional year of ART use 
wass associated with a 26% increased risk of myocardial infarction.10 The latter 
resembless the results from other retrospective and prospective studies.4440 The 
relativelyy high prevalence of known CHD risk factors in HIV-l-infected patients, 
especiallyy smoking4748, complicates interpretation of the relation between ART use and 
CHD.. None of these studies allows definitive conclusions about the potentially 
differentt degree of risk associated with particular ART regimens. 

LimitationsLimitations and possible biases 

Thee selection of patients remaining on their allocated treatment for the full 48 weeks 
mightt have introduced sampling bias with inflated treatment effects. The reported 
estimatess from this OT-analysis were very similar to the estimates from the ITT-
analysis.. This is caused by the fact that only a few patients who were not included in 
thee OT analyses changed their drug regimen by adding a PI that could potentially 
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influencee the lipid estimates. The majority remained on their randomised treatment but 
weree insufficiently adherent (or lost to follow-up on their original regimen) to meet the 
criteriaa for being eligible for the OT-analvsis. Patients replacing their assigned NNRTI 
byy the NNRTI from the other treatment group of the study would have littl e effect on 
thee lipid estimates, since both NNRTIs show changes in lipid concentrations, which go 
inn the same direction. Another possible reason for the similarity between these two 
couldd be the relatively late timing of treatment changes (mean 75 days for patients 
usingg NVP and 95 days for patients using EFV). The fact that the second sensitivity 
analysiss also showed comparable results indicates that modelling of data did not affect 
thee lipid estimates. 

AA limitation of the present study is the lack of data on conventional CUD risk 
factorss like smoking. The 2NN being a randomised study, it may be expected that these 
andd other confounding variables are equally distributed over the treatment groups. 
Possiblee residual confounding, however, cannot be excluded and the results should 
thereforee be interpreted cautiously. 

Conclusion Conclusion 

Whilee awaiting the results of future studies, the less atherogenic lipid profile of patients 
usingg NVP in comparison to those using EFV may be among the various factors to 
considerr when selecting the most appropriate initial ART regimen, particularly for 
thosee HlV-1-infected patients with a significant a-priori CHD-risk. Including such a 
considerationn seems warranted, since treatment of the ART-induced lipid changes with 
currentlyy licensed lipid-lowering agents is not without problems. Most of the available 
statinss except pravastatin and fluvastatin, are metabolised through cytochrome 
isoenzymee CYP3A4, just as the Pis and NNRTIs are, providing concern for potential 
drug-drugg interactions. Furthermore, statin therapy in patients using a Pl-based 
regimenn is in general not able to reduce the lipid concentrations to normal levels.4950 

Studiess on the effectiveness of gemfibrozil in patients on a Pl-based regimen show 
conflictingg results.5153 Finally, the introduction of yet another type of medication in a 
patientt population that often needs to use not only ART but also a considerable amount 
off  concomitant medication, might jeopardize treatment adherence, which is of crucial 
importancee for the sustained success of antiretroviral treatment. 

Usee of the novel PI atazanavir may also be considered an attractive option in 
patientss at high risk of CHD, given that it is associated with markedly smaller increases 
off  TC, LDL-c and TG compared to previously available Pl-based regimens 5455, but it 
lackss the concurrently large increase in HDL-c seen with NNRTf-based regimens. 

Thee reported increase of HDL-c concentration with NNRTI use is far greater 
thann seen with conventional lipid lowering drugs and is of a similar magnitude as the 
HDL-cc increases reported with the most powerful HDL-c increasing drugs which are 
currentlyy in clinical development.h3h Asztalos et al. reported the effect on HDL-c for five 
majorr statins in patients with CHD.57 They concluded that the HDL-c increase was 
betweenn 4% (simvastatin) and 11% (pravastatin and lovastatin). Treatment with 
fluvastatinn or lovastatin proved to be most effective in patients with a low baseline 
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HDL-c.5* 5""  Clinical trials assessing the effects of fibrates reported an HDL-c increase of 
6°oo and 11 "o for gemfibrozil2 h,), and 18°n for bezafibrate.nl 

Unra\pellingg the mechanism or mechanisms bv which N VP and HFV raise 11DL-
cc could contribute to the development of novel interventions aimed at increasing HDL-
cc and thereb\' ultimatelv to reducing CHD-risk in the population at large. 
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