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CHAPTERR 9 
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Lipi dd profiles and antiretroviral therapv 

Introductio n n 

Thee aetiology oi coronary heart disease (CHD) is multifactorial.1'2 Amongst other 
factors,, high levels of low-densitv lipoprotein cholesterol (LDL-c) M and low levels of 
high-densitvv lipoprotein cholesterol (HDL-c) 5"7 have been identified as risk factors for 
CHDD in the general population. 

HIV-infectedd patients generally experience a decrease in HDL-c and LDL-c 
levels,, followed bv an increase in plasma triglyceride (TG) levels, in the vears prior to 
developingg AIDS.84 The treatment of HIV infection with protease inhibitors (Pis) and 
non-nucieosidee reverse transcriptase inhibitors (NNRTls) is also associated with several 
metabolicc disorders l lU ', including dyslipidaemia, which may result in an increased risk 
off  CHD.1217 Pl-containing combination antiretroviral therapv (CART), in particular, is 
associatedd with increased TG, total cholesterol (TC) and LDL-c levels.11151820 There are 
dataa suggesting that the extent of these metabolic disturbances could differ according 
too different drugs within the PI class itself.11'15-14'21-24 Although regimens including an 
NNRTII  may induce increases in TC and LDL-c levels, they may also induce a 
concurrentt increase in HDL-c levels, in contrast to what is observed with PI containing 
CART.255 Less data are available on the comparison between different NNRTls, and the 
resultss of those studies are inconsistent.2*1-27 More recently, some studies have suggested 
thatt nucleoside analogue reverse transcriptase inhibitors (NRTIs) may also contribute 
too the development of dyslipidaemia.2824 

Thee possible relationship between CART use and the development of CHD-risk 
hass been investigated in studies of various designs, with conflicting results.^lM 2 The 
Dataa Collection on Adverse events of Anti-HlV Drugs (D:A:D) study recently reported 
aa 26% increase in the risk of myocardial infarction (Ml) per year of exposure to CART.33 

InIn the present study, we use data collected as part of the baseline D:A:D dataset to 
performm a cross-sectional comparison of lipid profiles in patients enrolled in the D:A:D 
studyy who were receiving different Pis and NNRTls at enrolment. Furthermore, we 
alsoo report the results of a comparison of lipid profiles in patients receiving specific 
drugss within each class. Although we have chosen not to focus on the NRTIs received, 
alll  analyses do control for the current and previous use of different NRTIs. 

Methods s 

StudyStudy population 

Thee D:A:D study is a prospective observational study formed by the collaboration of 11 
previouslyy established cohorts of HIV-infected patients. The primary aim of the study 
iss to establish whether an association exists between the use of CART (defined in the 
studyy as any combination antiretroviral drug regimen containing a PI and/or an 
NNRTI)) and an increased risk of CHD. The 11 cohorts currently contribute data on over 
230000 HIV-infected patients monitored at 188 clinics in the United States, Australia, and 
199 countries in Europe. This article presents a cross-sectional analysis of information 
collectedd as part of the baseline D:A:D dataset. Two of the eleven cohorts that are part 
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off  the D:A:D studv (the CPCRA cohort from the United States, and St. Pierre Cohort 
fromm Belgium) did not submit data until a later stage, and have not been included in 
thiss analysis. Thus, the total potential study population for the current analyses 
containss 17852 individuals from 9 of the 11 cohorts. 

Thee D:A:D studv methodology has been described in detail elsewhere."14 In 
brief,, patients eligible for inclusion in the D:A:D study were all actively followed up at 
thee time of initiation of the D:A:D protocol, irrespective of antiretroviral treatment 
status.. Patients are followed prospectively, and data were obtained during visits to 
outpatientt clinics scheduled as part of regular medical care. Patients were enrolled 
betweenn December 1st 1999 and April 1st 2001. At enrolment, and at least every 8 
monthss thereafter, standardised data collection forms were completed. Data collected 
includee patient socio-demographic characteristics, clinical data (AIDS events, and 
knownn risk factors for CHD), laboratory markers (CD4 cell counts, HIV RNA load 
IpVLJ,, and TC, HDL-c, and TG where available), and treatment variables (antiretroviral 
treatment,, and drugs which mav modify lipid levels or risk of CHD). Lipid levels were 
nott required to be obtained after an overnight fast, although, where possible, 
informationn was obtained on whether fasting or non-fasting samples had been 
analysed.. All collected data were transformed into a standardised format and 
transferredd to the co-ordinating centre (Copenhagen HIV Programme, Hvidovre 
Hospital,, Denmark) as anonymised computerised files, where they are merged into a 
centrall  dataset. 

ComparisonsComparisons performed 

Twoo sets of analyses were performed: first, a between-class comparison of lipid profiles 
forr patients receiving their first CART regimen including either a PI or NNRTI at 
enrolmentt in D:A:D study, and second a within-class comparison of lipid profiles for 
patientss receiving specific drugs within each class. 

Between-classBetween-class comparison 

Forr this analysis, we selected patients from the overall D:A:D cohort who, at the time of 
enrolmentt were either antiretroviral-naive, or were receiving a first-line CART regimen 
thatt included either one PI (denoted as 'single PI'), 2 Pi's (denoted as 'dual PI') or one 
NNRTI.. Although patients were receiving first-line CART regimens, they could have 
previouslyy used NRTIs. Information with regard to the dose of ritonavir (RTV) received 
wass not available; thus, it was not possible to distinguish between patients receiving 
duall  PI regimens in which RTV was used at a low dose for pharmacologic boosting of 
thee other PI and patients receiving dual PI regimens in which RTV was used at higher 
dosess with intrinsic antiviral activitv. 

Within-classWithin-class comparison 

Forr this analysis, we selected all patients who were receiving either a PI-containing or 
ann NNRTI-containing regimen at enrolment in the D:A:D study. To maximise the 
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powerr of the analyses and because some of the Pis and NNRTIs were predominantly 
usedd in ART-experienced patients, this comparison included all patients receiving these 
drugs,, irrespective of treatment history. 

Forr this within-class comparison, the effect on lipid profiles of various 
antiretrovirall  agents was evaluated via two sets of analyses. The first analysis 
consideredd patients receiving Pi-containing regimens, and compared lipid profiles in 
patientss receiving combinations including indinavir (1DV), nelfinavir (NFV), saquinavir 
(SQV,, soft-gel and hard-gel formulations were studied jointly), amprenavir (AMP), 
RTV,, two Pis including RTV, and two Pis not including RTV. The group receiving IDV 
alonee was designated as the reference group for this analysis. As before, information 
concerningg the dose of RTV was not available. The second set of analvses considered 
patientss receiving efavirenz (EFV) and nevirapine (NVP). The NVP group was 
designatedd as the reference group. The number of patients receiving other Pis or 
NNRTIss was too small for comparison; therefore these patients have been excluded. 

DefinitionsDefinitions of dyslipidaemia 

Thee association between dyslipidaemia at enrolment in D:A:D and the drugs received 
wass explored by use of the following dependent variables: TC, HDL-c, and TG levels; 
TC:: HDL-c ratio; and, for the between-class comparison only, LDL-c level (calculated bv 
usee of the Friedewald formula only when fasting values were available and when TG 
levell  was < 4.52 mmol/1 ^ otherwise LDL-c level was treated as missing) In each case, 
patientss were classified as having dyslipidaemia if their lipid level at enrolment was 
abovee (or, for HDL-c, below) a pre-specified threshold level as described elsewhere.14 

Thee threshold levels for TC (> 6.2 mmol/1), HDL-c (< 0.9 mmol/1), LDL-c (> 4.1 
mmol/1)) and TG (> 2.3 mmol/1) were based on cut-off values for high risk of CHD, as 
recommendedd in the US National Cholesterol Education Program (NCEP) guidelines.3h A 
cut-offf  value for the TC:HDL-c ratio was not defined in the NCEP guidelines and was 
thereforee chosen as > 6.5 on the basis of other published studies, to define a group at 
highh risk of CHD.237 

StatisticalStatistical tnethods 

Thee associations between the different treatment groups and variables of interest were 
studiedd in univariable analyses by use of the y} test, for categorical variables, and bv 
usee of the Kruskal-Wallis test, for continuous variables. Unless otherwise stated, p-
valuess reflect global comparisons across all treatment groups. 

Thee relationships between the dependent variables (TC, HDL-c, LDL-c, and TG 
levelss and TQHDL-c ratio) and treatment group were studied bv use of multiple 
logisticc regression models. Associations were considered to be statistically significant if 
thee p-value was below 0.05. All statistical analyses were performed using Statistical 
Analysiss Software (SAS) version 6.12 (SAS Institute Ine, Carv; NC). 

Thee relationships between the dependent variables and treatment group were 
adjustedd for demographic factors (age [per 10 vears older], sex), known risk factors for 
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CHDD (history of Ml or stroke before the age of 50 in first-degree relatives, personal 
historyy of Ml or stroke, bodv mass index [BM1, classified similarly for both sexes as < 18 
kg/in2,, 18-26 kg/m2, 26.1-30 kg/m2 and > 30 kg/m2] , smoking status [current, ex-
smoker,, unknown], the presence of physician-reported lipodystrophy, hypertension 
[systolicc blood pressure > 150 mmHg and/or diastolic blood pressure > 100 mmHgJ or 
usee of anti-hypertensive agents, diabetes or use of anti-diabetic agents, and use of lipid-
loweringg or antiplatelet agents), and HIV-related variables (log2CD4+ T-cell count and, 
loginn pVL at entry to D:A;D study, AIDS stage [defined according to 1993 CDC clinical 
classification] ,̂, and risk behaviour for HIV-infection [homosexual or bisexual, 
heterosexual,, injecting drug user, other/unknown]). All regression analyses were also 
adjustedd for cohort, which captures some differences in risk factor profiles in different 
geographicall  regions. Because the HuroSlDA cohort includes patients from across 
Europe,, with a wide gradient in both cardiovascular risk and risk factor profiles, this 
cohortt was further divided into three sub-cohorts for the purposes of adjustment: 
EuroSIDAA North, FuroSlDA Central and HuroSIDA Sou ths 

Adjustmentt for treatment history and the use of other concomitant NRTls was 
performedd differently for the two comparisons. For the betweeii-cinss comparison, the 
analysess were adjusted to take into account the NRTls received as part of the current 
treatmentt combination, the cumulative duration of exposure to NRTls and to the 
currentt CART regimen at entry to D:A:D study, and the duration of time receiving the 
currentt regimen (which were all set to zero for the untreated group of patients). 
Becausee this comparison included an untreated group, it was not possible to adjust for 
thee year of initiation of antiviral therapy. In contrast, patients included in the within-
classclass comparison were all receiving CART at enrolment in D:A:D studv. Thus, for this 
comparisonn analyses were adjusted for the NRTls received as part of the current 
treatmentt combination, the year of ART initiation and whether the individual was 
ART-naivee at the time of initiating the PI or NNRTI. In addition, because patients in 
thiss group may have been heavily treatment experienced, the analyses also adjusted for 
previouss exposure to treatment by adjusting for the number of and cumulative 
durationn of exposure to NRTls, Pis and NNRTls at entry to the D:A:D studv. 

SensitivitySensitivity analyses 

Severall  sensitivity analyses were performed, including analyses of lipid measurements 
knownn to be from fasting patients only, analyses that only included cohorts for whom 
lipi dd values were routinely measured (cohorts were excluded from this analysis if > 
10%% of data were missing for TC and TG levels and if > 30% of data were missing for 
HDL-c,, and LDL-c levels and TC:HDL-c ratio) and, for the within-class comparison 
only,, analyses based on the sub-population of patients who were ART-naive at the time 
off  starting the current PI or NNRTI. Because of the smaller numbers of patients with 
fastingg values available at enrolment, analyses of these measurements were not 
adjustedd for the current use of NRTls at enrolment. Furthermore, because of the very 
smalll  numbers of available LDL-c level measurements included in the between-class 
comparison,, these were not included in sensitivity analyses. 
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Chapterr 9 

Results s 

Between-classBetween-class comparison 

AA total of 7483 patients from the D:A:D cohort were either antiretroviral-naive (H=2315, 

311 %), or were receiving a CART regimen containing a single PI (H=3444, 46%), a dual PI 
(H=607,, 8%, 95% of whom used RTV), or a NNRTI (;i=1117, 15%) for the first time at 
timee of enrolment in the D:A:D studv. These 7483 patients were included in the betzveen-
classclass comparison. 

Patientss receiving therapy were significantly older and more likely to be male 
thann were antiretroviral-naive patients (Table 1). Between 75% and 84% of patients in 
thee different CART groups had a pVL below 500 copies/ml compared to only 17% of 
patientss who were antiretroviral-naive. Patients receiving CART were more likely to 
havee had an AIDS-defining illness, although 8% of antiretroviral-naive patients were 
alsoo reported to have prior AIDS. 

Patientss receiving a single Pi-containing regimen had been receiving their 
currentt PI for a median of 2.4 years, whereas patients receiving dual Pi-containing 
regimenss had been receiving these Pis for a median of 2.8 years. Patients receiving an 
NNRTI-containingg regimen had been exposed to their current regimen for a median of 
1.11 years. Cumulative exposure time to NRTIs differed significantly between the 
groups;; 2.7 years, 3.1 years and 1.7 years, for single Pi-containing, dual Pi-containing or 
NNRTI-containingg CART, respectively. 

Patientss receiving therapy were less likely to be current smokers but were more 
likelyy to have lipodystrophy, diabetes, hypertension, and to be using anti-platelet or 
lipid-loweringg drugs than antiretroviral-naive patients (Table 2). 

Tablee 2: Known risk factors tor CI ID or increased lipid levels at the time of enrolment in the D:A:D study. 
Betivci'ii-clrii*Betivci'ii-clrii*  comparison. 

Currentt smoker 
Lipodystrophy y 
Previouss cardiovascular event 
Hypertension n 
Anti-platelett agents 
Lipidd lowering agents 
Diabetess mellitus 
Familyy history of Ml 
Dataa are percentages. PI=p 
MI=myocardiall  infarction. 

rotease e 

Naive e 
N=2315 5 

49.3 3 
2.2 2 
0.6 6 
5.9 9 
0.3 3 
0.2 2 
1.2 2 
8.6 6 

inhibitor. . 

Singlee PI 
N=3444 4 

43.1 1 
24.4 4 
0.9 9 
7.7 7 
1.0 0 
3.6 6 
2.4 4 
7.5 5 

NNRTI=non-nuc c 

Duall  PI 
N=607 7 

45.9 9 
33.3 3 
1.2 2 
74 4 
0.9 9 
5.6 6 
1.2 2 
8.9 9 

NNRTI I 
N=T117 7 

38.0 0 
13.5 5 
1.1 1 
5.3 3 
1.0 0 
0.6 6 
1.3 3 
6.7 7 

eosidee reverse transcrip 

P P 

0.001 1 
0.001 1 
0.300 0 
0.007 7 
0.001 1 
0.001 1 
0.003 3 
0.190 0 

tasee inhib 

Total l 
N=7483 3 

44.5 5 
16.6 6 
0.9 9 
6.8 8 
0.8 8 
2.3 3 
1.7 7 
7,8 8 

tor. . 

Informationn on the number of patients with available lipid measurements, including 
measurementss obtained after patients had fasted overnight, and the median 
concentrationss of the lipids and lipoproteins at enrolment in D:A:D study are shown, 
bvv therapy class, in Table 3. Patients who were antiretroviral-naive had the lowest TC 
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andd LDL-c levels, whereas levels in the three treated groups were higher, particularly 
inn patients receiving dual Pi-containing regimens. Similar patterns were seen for TG 
levels,, with lowest levels in those who were antiretroviral naive and highest levels in 
thosee receiving Pis, although TG levels in those receiving NNRTIs were similar to those 
inn antiretroviral-naive individuals. Median HDL-c levels did not differ greatly between 
patientss who were antiretroviral-naive and patients receiving Pi-containing regimens, 
althoughh levels were slightly higher in patients receiving NNRTI-containing regimens. 
Ass a result, trends in the TC:HDL-c generally mirrored those in TC levels, with the 
exceptionn of the NNRTI group, in which the ratio was similar to that in antiretroviral-
naivee patients. 

Tablee 3: Lipid and lipoprotein values at the time of enrolment in the D:A:D studv. Between class comparison. 

lotall cholesterol * 
availablee samples 
lastingg samples 

HDLL cholesterol* * 
availablee samples 
fastingg samples 

LDLL cholesterol * 
availablee samples 
tastingg samples * 

IC:HDL-cc ratio 
availablee samples 
fastingg samples 

11 rigbcerides * 
availablee samples 
fastingg samples 

Naive e 
NN 2315 

4.44 (3.7-5.2} 
1887(81.5) ) 
1122(48.5) ) 

1.11 (0.9-1.4) 
1112(48.0) ) 
578(25.0) ) 

2.99 (2.4-3.5> 
5611 (47.6) 
5611 (47.6) 

3.9(3.1-4.9) ) 
1102(47.6) ) 
577(24.9) ) 

1.3(0.9-1.9) ) 
1912(82.6) ) 
1150(49.7) ) 

Singlee PI 
NN 3444 

5.3(4.4-6.2) ) 
2886(83.8) ) 
998(77.4) ) 

1.11 (0.9-1.4) 
16411 (47.6) 
614(17.8) ) 

3.6(2.8-4.4) ) 
554(47.2) ) 
554(47.2) ) 

4.7(3.6-6.1) ) 
1625(47.2) ) 
614(42.8) ) 

1.8(1.2-2.9) ) 
28911 (83.9) 
1059(80.4) ) 

Duall PI 
N=607 7 

5.7(4.9-6.7) ) 
504(83.0) ) 
103(17.0) ) 

1.11 (0.9-1.4) 
3211 (52.9) 
82(13.5) ) 

3.8(3.1-4.5) ) 
67(52.4) ) 
67(52.4) ) 

5.33 (4.1-6.9) 
318(52.4) ) 
82(13.5) ) 

2.55 (1.6-3.9) 
485(79.9) ) 
120(19.8) ) 

NNRTI I 
NN = l l 17 

5.11 (4.3-5.9) 
874(78.2) ) 
263(23.5) ) 

1.3(1.1-1.6) ) 
386(34,9) ) 
137(12.3) ) 

3.2(2.7-4.0) ) 
132(33.9) ) 
132(33.9) ) 

3.8(2.9-5.0) ) 
379(33.9) ) 
136(12.2) ) 

1.3(0.9-2.1) ) 
8922 (79.9) 
270(24.2) ) 

P P 

<  0.001 

<< 0.001 

<< 0.001 

1 1 

'' 0.001 

Total l 
N=7483 3 

5.0(4.1-5.9) ) 
61511 (82.2) 
2486(33.2) ) 

1.11 (0.9-1.4) 
3460(46.2) ) 
1411(42.4) ) 

3.2(2.6-4.0) ) 
1314(17.6) ) 
1314(17.6) ) 

4.4(3.4-5.7) ) 
3424(45.8) ) 
1409(18.8) ) 

1.55 (1.0-2.5) 
6180(82.6) ) 
2599(34.7) ) 

Dataa are n (%) unless stated otherwise. * mmol/1 (IQR). f LDL was only calculated for fasting samples. 

PI=proteasee inhibitor. NNRTI=non-nucleoside reverse transcriptase inhibitor. HDL=high-densitv 

lipoprotein.. LDL=lovv-densitv lipoprotein. 

Thee prevalence of dyslipidaemia in patients receiving each CART regimen is shown in 
Figuree 1. For TC levels, the prevalence of dyslipidaemia was lowest in antiretroviral-
naivee patients and progressively increased in patients receiving an NNRTI-containing 
regimen,, a single Pi-containing regimen, and a dual Pi-containing regimen, 
respectively.. A similar trend was also seen in LDL-c and TG levels and TC:HDL-c ratio. 
InIn terms of a low HDL-c level, however, the prevalence of dyslipidaemia was lower in 
patientss receiving NNRTIs than in patients in all other groups. 

Comparedd with antiretroviral-naive patients (reference group) and after 
adjustmentt for other potential confounding factors, patients receiving either a single PI-
orr a dual Pl-containing regimen had a statistically significantly higher risk for 
dyslipidaemiaa with respect to TG level and TOHDL-c ratio (Table 4). Although the risk 
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estimatess for these parameters for patients receiving an NNRTI-containing regimen 
weree likewise increased, these differences were less marked. Patients receiving a dual 
Pi-containingg regimen had a statistically significantly increased risk of dyslipidaemia 
withh respect to TC level, whereas increased risks in patients receiving a single PI-
containingg regimen or an NNRTI-containing regimen did not reach statistical 
significance.. There were no statistically significant differences between the CART 
regimens,, in risk for dyslipidaemia with respect to either LDL-c or HDL-c level. 

1000 -i 

800 -

TCC HDL-c LDL-c TCHDL-c I d 

 Antiretroviral naive l BdualPI DNNRTI 

Figuree 1: Prevalence of dyslipidaemia by type of antiretroviral regimen at the time of 
enrolmentt in the D:A:D study. Between-class comparion. 
Dyslipidaemiaa is defined as total cholesterol (TC) > 6.2 mmol/L, high-densitv lipoprotein 
cholesteroll  (HDL-c) < 0.9 mmol/L, low-density lipoprotein cholesterol (LDL-c) > 4.1 mmol/L, 
TOHDL-cc ratio > 6.5, or triglycerides (TG) > 2.3 mmol/L. 

Wee used a similar model to compare the risk of dyslipidaemia directly between 
patientss receiving a single Pi-containing regimen (reference group) and patients 
receivingg a dual Pi-containing regimen or an NNRTI-based regimen (Table 4). 
Comparedd with patients receiving a single Pi-containing regimen, patients receiving a 
duall  Pl-containing regimen were at an increased risk of dyslipidaemia for each of the 
lipi dd parameters, except LDL-c and HDL-c levels. In contrast, patients receiving an 
NNRTI-containingg regimen had a statistically significant lower risk for dvslipidaemia 
withh regard to LDL-c, HDL-c, and TG levels, an TC:HDL-c ratio than did patients 
receivingg a single Pi-containing regimen. 
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Chapterr 9 

Between-classBetween-class sensitivity analyses 

Analysess of fasting values yielded results similar to those of the models based on all 
patients;; however, because of the smaller number of patients included in the analyses 
(Tablee 3), the results were, in some cases, less significant. Results of analyses of HDL-c 
levelss based on fasting values, however, suggested stronger relationships. In particular, 
thee odds ratios (OR) for an HDL-c level < 0.9 mmol/1 being associated with receipt of 
singlee PI- or dual Pi-containing regimens were 1.66 (95% confidence interval [CI], 0.93 
too 2.97; p=0.09) and 2.25 (1.05 to 4.82; p=0.04), respectively, suggesting an increased risk 
off  lower HDL-c level in patients receiving these treatment combinations. Results of 
analysess from those cohorts with the smallest amounts of missing data yielded results 
similarr to those from the overall cohort. 

Within-classWithin-class comparison 

Off  the 17852 patients included in the overall D:A:D cohort, 7729 (43.3%) were receiving 
onee or more Pis at the time of enrolment (Table 5), and 3476 (19.5%) were receiving an 
NNRTII  (Table 6). These 11205 patients have been included in the within-clnss 
comparison. . 

PatientsPatients receiving Pis 

Patientss receiving IDV, NFV, SQV and RTV were generally comparable in terms of age, 
riskk behaviour for infection, BMI, AIDS status, CD4 count and pVL (Table 5). The 
mediann CD4 cell count in these groups was > 350 cells/mm3, whereas the proportion 
withh a pVL < 500 copies/ml was 64% in patients receiving SQV and 81% in patients 
receivingg IDV. However, patients receiving AMP or the different Pi combinations were 
markedlyy different, with lower CD4 cell counts and a higher pVL, which reflects the 
moree complex treatment histories of these patients. These patients had also been 
exposedd to antiretroviral treatment for longer periods and had more extensive exposure 
too Pis and NNRTls at the time of starting the current regimen. The proportion of 
smokerss was lowest in those receiving RTV, as were the proportions of patients with 
lipodystrophyy and personal and family history of cardiovascular events, but the use of 
lipi dd lowering drugs was most prevalent in this group (Table 7). Otherwise, the groups 
weree broadly similar in terms of risk factors for CHD at entry in the D: A:D study. 

TCC levels were highest in patients receiving RTV, either alone or in 
combinationn with another PI, and were lowest in those receiving SQV (Table 8). Results 
relatingg to the prevalence of dyslipidaemia confirmed these findings (Figure 2); the 
proportionn of patients with TC levels > 6.2 mmol/1 was significantly higher among 
patientss receiving RTV and lower among patients receiving SQV. HDL-c levels were 
highestt in patients receiving NFV and, conversely, the proportion of patients with 
HDL-cc levels < 0.9 mmol/1 was lower in this group. The proportion of patients whose 
TCHDL-cc ratio was > 6.5 was highest in patients receiving RTV, either alone or in 
combinationn with another PI, and were lowest in patients receiving NFV and SQV. 
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Chapterr 9 

TGG levels were generally higher in patients receiving RTV, either alone or in 
combinationn with another PI, and were lowest in patients receiving SQV. 

Tablee 6: Baseline characteristics of patients receiving non-nucleoside reverse transcriptase inhibitors 
att time of enrolment in the D:A:D study. Within-class comparison. 

Female e 
Age,, vrs * 
HIVV RNA < 500 copies/ml 
CD4++ cells, cells/ mm-1* 
Previouss AIDS 
HIVV risk behaviour 
Homo/bisexual l 
Heterosexual l 
IDU U 
Other/unknown n 

Naivee at start of NNRTI 
No.. of NRTIs exposed * 
Exposuree to NRTIs, yrs * 
No.. of Pis exposed * 
Exposuree to Pis, yrs * 
No.. of NNRTIs exposed * 
Exposuree to NNRTIs, yrs * 
NRTIss received 
Zidovudine e 
Didanosine e 
Zalcitabine e 
Stavudine e 
Lamivudine e 
Abacavir r 

NVP P 
N=2040 0 

20.9 9 
399 (35-47) 

73.6 6 
4800 (308-663) 

30.1 1 

51.9 9 
24.2 2 
16.4 4 
7.6 6 
21.4 4 

44 (2-4) 
2.99 (1.7-4.2) 

11 (0-1) 
0.66 (0-2.0) 

11 (1-1) 
1.2(0.7-1.7) ) 

42.4 4 
20.5 5 
1.0 0 
50.3 3 
78.8 8 
8.0 0 

EFV V 
N=1436 6 

26.2 2 
399 (34-46) 

78.8 8 
419(265-613) ) 

27.6 6 

45.7 7 
28.3 3 
17.8 8 
8.2 2 
16.9 9 

4(2-5) ) 
3.11 (1.7-4.7) 

11 (0-2) 
1.7(0-2.6) ) 

11 (1-1) 
0.7(0.4-1.2) ) 

40.7 7 
25.4 4 
1.1 1 
49.7 7 
71.1 1 
18.3 3 

P P 

0.001 1 
0.14 4 

<< 0.001 
<< 0.001 

0.14 4 
0.004 4 

0.001 1 
<< 0.001 

0.07 7 
<< 0.001 
<< 0.001 
<< 0.001 
<< 0.001 

0.34 4 
0.001 1 
0.94 4 
0.76 6 
0.001 1 
0.001 1 

Total l 
N=3476 6 

23.1 1 
399 (35-47) 

75.8 8 
4566 (289-648) 

28.9 9 

49.4 4 
25.9 9 
17.0 0 
7.3 3 
19.5 5 

44 (2-5) 
3.0(1.7-4.4) ) 

11 (0-2) 
1.11 (0-2.3) 

11 (1-1) 
1.0(0.5-1.5) ) 

41.7 7 
22.6 6 
1.1 1 
50.0 0 
75.6 6 
12.3 3 

Dataa are percentages unless otherwise stated. * Median (IQR). NVP=nevirapine. EFV=efavirenz. 
PI=proteasee inhibitor. NNRTI=non-nucleoside reverse transcriptase inhibitor. NRTI=nucleoside 

analoguee reverse transcriptase inhibitor. 

Inn multivariable logistic regression analyses, the risk of a patients having a TC level > 
6.22 mmol/I remained significantly higher in patients receiving RTV, either alone or in 
combination,, and, to a lesser extent, for patients treated with NFV (Table 9). The risk of 
havingg a HDL-c levels < 0.9 mmol/I was significantly lower in patients receiving NFV 
thann patients receiving IDV. The other Pis were associated with comparable risks of a 
loww HDL-c level. After adjustment for other potential confounding factors, the risk of 
havingg of a TQHDL-c ratio > 6.5 was higher in those receiving RTV, either alone or in 
combinationn with another PI, than in patients receiving IDV. The risk of having a 
TC:HDL-cc ratio > 6.5 was lower in patients receiving SQV. The trend observed in 
univariablee analysis for a lower TOHDL-c ratio in patients receiving NFV was 
maintained,, although this relationship was not statistically significant (p=0.08). 
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Lipi dd profiles and antiretroviral therapy 

Afterr adjustment for other potential confounding factors, only patients receiving RTV 
orr a PI combination containing RTV had a significantly higher risk of having a TG level 
>2.3mmol/ l. . 

100 0 

800 -

60 0 

400 -

ll l 
TCC HDL-c TC:HDL-c I'd 

 1DV E NIT' BSQV DAM P O RTV O : I'l incl. RTV O? PI excl. RTV 

Figuree 2: Prevalence of dyslipidaemia by type of antiretroviral regimen in patients using 
proteasee inhibitors. Between-class comparion. 
Dvslipidaemiaa is defined as total cholesterol (TC) > 6.2 mmol/L, high-density lipoprotein 
cholesteroll  (HDL-c) < 0.9 mmol/L, low-density lipoprotein cholesterol (LDL-c) > 4.1 mmol/L, 
TQHDL-cc ratio > 6.5, or triglycerides (TG) > 2.3 mmol/L. 

PatientsPatients receiving NNRTls 

Patientss receiving NVP were more likely to be antiretroviral-naive when starting the 
currentt treatment regimen than were patients receiving EFV (Table 6). The cumulative 
durationn of exposure to NNRTls was 1.2 years in the NVP group but only 0.7 years in 
thee EFV group. The duration of exposure to Pis was 0.6 years and 1.7 years, 
respectively.. Although patients receiving NNRTls were less likely to be current 
smokerss than were patients receiving Pis, there were few differences between the levels 
off  risk factors for CHD between those receiving NVP and EFV (Table 10). 

Althoughh TC and TG levels were higher in those receiving EFV at enrolment, 
levelss of HDL-c and TC:HDL-c ratios were similar in the two treatment groups (Figure 
33 and Table 11). After adjustment for other potential confounding factors, the risk of 
havingg a TG level > 2.3 mmol/1 was significantly higher in patients receiving EFV than 
inn patients receiving NVP; the risk of having increased TC levels was similarly elevated 
(Tablee 9). There were, however, no significant differences between either HDL-c level 
orr the TC:HDL-c ratio between patients receiving NVP or EFV, either before or after 
adjustmentt for other factors. 
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Lipidd profiles and antiretroviral therapy 

Within-classWithin-class sensitivity analyses 

Thee analyses were repeated among patients whose lipid measurement had been 
obtainedd after they had fasted overnight (see Table 8 and 11 for sample sizes) and also 
amongg cohorts with relatively small proportions of missing data. In both cases, both for 
thee PI and NNRTI comparison, the results from the sensitivity analyses confirmed the 
findingss in the main analysis. Finally, the analyses were repeated for the patients who 
weree ART-naive at the time of starting the current therapy. The results from the 
analysiss of groups receiving Pis generally confirmed the analysis of patients from the 
fulll  population, in that RTV, whether administered alone or in combination with 
anotherr PI, remained the PI associated with the highest risk of both 
hypercholesterolaemiaa and hypertriglyceridaemia. Analyses of previously 
antiretroviral-naivee individuals receiving NNRTIs yielded results broadly similar to 
thosee for the full population, although the relationship between EFV and a raised TG 
levell  did not remain in this analysis (OR: 0.80; p=0.57). 

Tablee 10: Known risk factors for CHD or increased lipid levels in patients using non-nucleoside 
reversee transcriptase inhibitors. Within-class comparison. 

Currentt smoker 
Lipodystrophy y 
Previouss cardiovascular event 
Hypertension n 
Anti-platelett agents 
Lipi dd lowering agents 
Diabetess mellitus 
Familyy history of Ml 

NVP P 
N=2040 0 

38.5 5 
30.0 0 
1.9 9 
9.4 4 
1.6 6 
3.6 6 
2.9 9 
7.8 8 

EFV V 
N=1436 6 

38.4 4 
32.1 1 
1.6 6 
7.7 7 
1.0 0 
3.8 8 
4.0 0 
9.7 7 

P P 

0.93 3 
0.08 8 
0.53 3 
0.08 8 
0.24 4 
0.85 5 
0.12 2 
0.07 7 

Total l 
N=3476 6 

38.5 5 
30.8 8 
1.7 7 
8.7 7 
1.4 4 
3.7 7 
3.4 4 
8.6 6 

Dataa are percentages. NVP=nevirapine. EFV=efavirenz. MI=myocardial infarction. 

Discussion n 

HIV-11 infected patients enrolled in the D:A:D study and treated with different types of 
CARTT demonstrated clearly different plasma lipid profiles. In particular, individuals 
receivingg CART regimens, which, for the first time, included either one or two Pis, had 
higherr levels of TC and TG levels and TCHDL-c ratios than did patients who were 
ART-naive,, with patients receiving a dual P-containing regimen having significantly 
higherr levels of each lipid than patients who received a single Pi-containing regimen. 
Althoughh TC and LDL-c levels were still increased in patients receiving NNRTIs, 
comparedd with ART-naive individuals, the risk of having a low HDL-c level was 
reducedd in these patients, compared with patients receiving a single Pi-containing 
regimen.. HDL-c levels were slightly higher in patients receiving an NNRTI, which 
contributedd to a lower TQHDL-c ratio in this group . 

Ourr results also suggest that the various Pis and NNRTIs within each class are 
associatedd with different risks of dyslipidaemia. RTV-containing regimens were 
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associatedd with the most pronounced elevations of TC and TG levels and TCHDL-c 
ratios,, NFV-containing regimens were associated with a lower risk of having a reduced 
HDL-cc level, and SQV-containing regimens were associated with a lower risk of having 
ann elevated TOHDL-c ratio. Treatment regimens combining two Pis other than RTV 
didd not appear to be associated with a higher risk of dyslipidaemia, compared with 
singlee Pl-containing regimens, with the exception of RTV. In comparison to treatment 
withh NVP, use of EFV was associated with higher TC and TG levels. HDL-c levels and 
TC:HDL-cc ratios, however, were similar in patients receiving NVP- or EFV-containing 
regimens. . 

Tablee 11: Lipid and lipoprotein values in patients receiving non-nucleoside reverse transcriptase 
inhibitors.. W'itltiii-  clnsa comparison. 

11 otal cholesterol * 
availablee samples 
tastingg samples 

HDLL cholesterol * 
availablee samples 
fastingg samples 

TCHDL-cc ratio 
availablee samples 
fastingg samples 

Triglyceridess * 
availablee samples 
fastingg samples 

NVP P 
N=2040 0 

5.22 (4.4-6.0) 
14511 (71.1) 
4488 (22.0) 

1.2(1.0-1.5) ) 
5588 (27.4) 
249(12.2) ) 

4.22 (3.3-5.6) 
5477 (26.8) 
246(12.1) ) 

1.5(1.0-2.5) ) 
1468(72.0) ) 
4688 (22.9) 

EFV V 
N=1436 6 

5.3(4.5-6.2) ) 
1258(87.6) ) 
337(23.5) ) 

1.2(1.0-1.5) ) 
7411 (51.6) 
249(17.3) ) 

4.44 (3.2-5.8) 
733(51.0) ) 
247(17.2) ) 

1.7(1.1-2.9) ) 
1282(89.3) ) 
3544 (24.7) 

P P 

0.030 0 

0.450 0 

0.280 0 

<< 0.001 

Total l 
N=3476 6 

5.3(4.5-6.1) ) 
27099 (77.9) 
7855 (22.6) 

1.2(1.0-1.5) ) 
12999 (37.4) 
4988 (14.3) 

4.33 (3.2-5.7) 
12800 (36.8) 
4933 (14.2) 

4.33 (3.2-5.7) 
27500 (79.1) 
8222 (23.6) 

Dataa are n {%) unless otherwise stated. * mmol/1 (IQR). NVP=nevirapine. EFV=efavirenz. 
HDL=high-densitvv lipoprotein. LDL=low-density lipoprotein. TC=total cholesterol. 

Feww other studies have reported differences in lipid profiles between patients receiving 
differentt classes of drugs per se, although a number of clinical trials have reported 
comparisonss of lipids in patients receiving specific treatment combinations involving 
differentt classes of drugs. In another study, van der Valk et nl. compared patients 
randomlyy assigned to a first line regimen of stavudine (d4T) and didanosine together 
writhh either 1DV, NVP or lamivudine (3TC).25 After 24 weeks of treatment, patients 
usingg NVP had significantly higher increases in HDL-c levels, compared to other 
patients.. Although the TC and LDL-c levels also increased, the TOHDL-c ratio was 
significantlyy reduced and was lowest in patients using NVP. Virgil i et nl. reported 
similarr differential lipid changes in ART-naive patients using a combination of 
zidovudinee plus 3TC, together with either NFV or NVP.40 

AA number of studies have reported differences in lipid profiles among patients 
receivingg drugs from the same class. For example, several studies have suggested that 
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Figuree 3: Prevalence oi dyslipidaemia by type of antiretroviral regimen in patients using 
proteasee inhibitors. Between-class comparison. 
Dyslipidaemiaa is defined as total cholesterol (TC) > 6.2 mmol/L, high-density lipoprotein 
cholesteroll  (HDL-c) < 0.9 mmol/L, low-density lipoprotein cholesterol (LDL-c) > 4.1 mmol/L, 
TQHDL-cc ratio > 6.5, or triglycerides (TG) > 23 mmol/L. 

RTV,, whether administered alone or in combination, may induce more severe 
dyslipidaemia,, than other Pis.15-4'41 The results of the present study confirm these 
resultss with regard to both TC and TG levels. Furthermore, our finding that the 
TC:HDL-cc ratio was highest in patients receiving RTV is also of interest, because the 
ratioo may be a better indicator of ischaemic coronary risk than either the LDL:HDL- c 
ratioo or TC level.42 It should be reiterated that we were not able to collect information 
onn the dose of RTV given to patients receiving dual PI combinations, and, thus, we are 
unablee to ascertain whether dyslipidaemia is more common in patients receiving RTV 
att high dose in combination with another PI. It is of interest to note that combinations 
off  two Pis that do not include RTV do not appear to induce a higher risk of 
dyslipidaemiaa than these Pis alone, confirming the results published by Carr et nl. 

Inn the present study, NFV-containing regimens were associated with a 
significantlyy lower risk of a low HDL-c level than were IDV-containing regimens, 
which,, in turn, resulted in a lower TOHDL-c ratio in these patients. In contrast, a study 
conductedd in 1998 on 129 patients did not report any effect on HDL-c levels in patients 
receivingg NFV.15 It is unclear why NFV may induce a smaller reduction in HDL-c level 
thann other Pis. This association is present even after adjusting for pVL and CD4 cell 
count,, and thus, is not explained by a particular indirect effect of NFV on pVL.4' 

Thee results of the present study also suggests that SQV, when used as a single 
PI,, is associated with a significantly lower risk of a high TCHDL-c ratio than is 
treatmentt with IDV. Because of its preferential use in combination with other Pis, 
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especiallyy RTV, very few studies have considered lipid changes in patients receiving 
SQVV  per se, and only one has focused on its link with hypercholesterolaemia. Our 
resultss are consistent with those of a prior study, in which fewer than 10% of patients 
treatedd with soft-gel SQV had a TC level > 6.5 mmol/1 after a median exposure of 6.7 
months.444 Similarly, in a clinical trial including over 300 patients and comparing two 
boostedd treatment strategies (ÏDV [800 mg] / RTV [100 mg] twice daily and SQV [1000 
mg]// RTV [100 mg twice daily]), Dragsted et oil. reported a larger increase of TC and TG 
levelss in the IDV group than in the SQV group.45 Several hypotheses have been 
suggestedd to explain why SQV might induce fewer cholesterol abnormalities than other 
Pis,, including lower bio-availability of the molecule in its capsule form and its lower 
affinityy for the p450 cytochrome isoenzyme.46-47 

Too our knowledge, limited data are available concerning the comparison of the 
effectss of NVP and EFV on the lipid profiles of HIV-1 infected patients. Studies in 
patientss successfully treated with Pi-containing ART, for whom their PI was replaced 
byy either NVP or EFV, have also shown an increase in HDL-c levels.48 51 Our findings 
suggestt that, compared to Pis, NNRTI are associated with a lower risk of 
dyslipidaemia,, but that there are no significant differences between NVP and EFV with 
regardd to either the HDL-c levels or the TGHDL-c ratios. Statistically significant 
differencess were demonstrated for TC and TG levels, although absolute differences 
weree small. 

Itt is important to acknowledge that, at present, there is no conclusive evidence 
thatt drug-induced elevations of HDL-c levels wil l be associated with a lower risk of 
CHD.522 Furthermore, if ART-induced dyslipidaemia in the context of HIV-infection 
translatess into risk of CHD in a way similar to that of non-pharmaceutically induced 
dyslipidemiaa in the general population, a difference of 0.1 mol/1 in TC level (the 
differencee observed on our study for NVP and EFV) would be associated with a 
differencee of relative risk of coronary heart disease over 10 years in the range of 3%.53 

Resultss from the 2NN study, a randomised comparison of once-daily NVP, twice-daily 
NVP,, EFV and NVP+EFV in combination with 3TC and d4T in ART-naive patients, 
suggestedd larger differences in lipid profiles of the drugs and favoured NVP.27 Further 
studiess are required to determine the clinical impact of these differences. 

Itt should be recognised that, although the present study and others have 
reportedd differences in lipid profiles between patients receiving different ART 
regimens,, the relationship between ART-induced changes in plasma lipids and 
lipoproteinss in HIV-1 infected patients and the risk of CHD remains unclear. In 
particular,, it is not known whether increases (or decreases) in any of the lipid levels 
correlatee with the same change in risk of CHD as is seen in HIV-negative individuals. 

Theree is accumulating evidence that among HIV-negative individuals, 
abnormall  serum lipids, especially increased levels of TC and TG, are correlated with 
increasedd thickening of the intima-media layer (IMT) of the arterial wall  54, which is 
closelyy correlated with increased risk of CHD.55 A number of studies have found that 
thickeningg of IMT was more pronounced in patients receiving Pl-containing regimens 
thann in ART-naive patients and individuals without HIV-1 infection 56-57, however, in 
onee of these studies, this effect disappeared after adjusting for known CHD risk factors 
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57,, and the relationship has not been reported in all studies.58 Although preliminary 
analysess from the D:A:D study have begun to investigate the relationships between 
changess in plasma lipid levels and the subsequent development of CHD, further 
follow-upp is required before a definitive answer can be reached. 

Thee present study has a number of limitations. Firstly, the analysis is based on 
dataa obtained from a large number of observational cohorts. In this type of cohort, 
treatmentt allocation is rarely random, and, as a consequence, treatment groups differ 
substantiallyy at entry to the D:A:D study. In particular, patients receiving Pis (either 
singlee or dual combinations) tended to have more advanced disease than did patients 
receivingg NNRTIs. Even among patients receiving Pis, patients receiving AM P or a 
combinationn of 2 Pis generally had more advanced disease than did patients receiving 
otherr treatment regimens. Although our analyses were adjusted to take account of 
observedd differences between treatment groups, it is possible that some unmeasured 
differencess may remain. 

Althoughh we have reported relationships between specific treatment 
combinationss and risk of dislipidaemia, the cross-sectional nature of the present study 
preventss us from establishing a causal relationship between the various drugs or 
classess and dyslipidemia. In particular, because information on pre-treatment lipid 
levelss is unavailable for the majority of patients, we are unable to exclude the 
possibilityy that dyslipidaemia occurred before exposure to ART. Because the routine 
monitoringg of lipid measurements has only recently been recommended for patients 
receivingg ART, it is not surprising that there are substantial amounts of data missing 
bothh at enrolment in D:A:D study and at the start of ART. However, it is unlikely that 
thesee missing data wil l lead to a serious bias in the results. These data are missing 
primarilyy because they had only been collected for patients thought to be at high risk of 
dislipidaemia.. Furthermore, because knowledge about a possible relationship between 
ARTT and CHD risk is relatively recent, it is unlikely that this influenced the choice of 
initiall  ART regimen or that it could explain the differences in lipid profiles seen at 
baseline.. Sensitivity analyses in which cohorts with substantial amounts of missing 
dataa were excluded reached conclusions similar to those of the main analyses. 

Nott all blood samples for lipid measurements were obtained after an overnight 
fast.. The effect of fasting is of importance when analysing TG level but should be 
minimall  when analysing TC or HDL-c levels.59-61 We repeated the multivariable logistic 
regressionn analyses for each of the lipid parameters by use of only samples that were 
documentedd to have been obtained after an overnight fast. With the exception of the 
analysess for HDL-c levels for the betiveen-class comparison, results of our sensitivity 
analysess were generally similar to those from the whole study population. For HDL-c 
levels,, however, analyses excluding non-fasting values suggested a stronger 
relationshipp between Pi-containing regimens and low HDL-c levels. However, because 
off  the smaller number of patients in this analysis, and because we could not adjust for 
currentt NRTI use in these sensitivity analyses, these results should be interpreted 
cautiously. . 

Thee study populations included in the analyses, particularly in the within-class 
comparison,, were heterogeneous, both in terms of their treatment history and prior 
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knownn risk factors for CHD. All analyses were adjusted for treatment history, and 
sensitivityy analyses for the tvithin-class comparison that considered only those patients 
whoo were naive for any treatment before their current regimen gave very similar 
results.. It is possible that the NRTI backbone may have contributed to the differences in 
lipi dd profiles 282Q, although, because adjustment was made for the current use of 
specificc NRTIs, it is unlikely that differential use of NRTIs in the treatment groups can 
explainn our findings. The proportion of patients who were already known to be 
receivingg lipid-lovvering agents, ranged from 0.2% to 9.3% in the different treatment 
groups.. Whilst we did not exclude these patients from our analyses, we did adjust for 
thiss factor in anv multivariable analyses; therefore it is unlikely that these factors could 
leadd to bias in our results. Finally, because of the timing of recruitment for the D:A:D 
studv,, we were unable to consider the role of newer drugs and combinations on lipid 
profiles,, such as lopinavir/RTV, which has been reported to have a greater impact on 
lipi dd profiles than NFV  bl, or tenofovir or atazanavir, both of which have been reported 
too have smaller effects than earlier ART regimens.b  ̂ Further follow-up and a possible 
extensionn to the D:A:D study may enable us to consider these drugs in the future. 

Studiess such as D:A:D investigate whether CART-associated metabolic 
disorderss contribute to premature onset of CHD. Given the current need for lifelong 
therapy,, considerations of longer-term toxicities are becoming increasingly important 
whenn choosing between different regimens that are anticipated to be similar 
virologically.. Our results, particularly in terms of an increased risk of dyslipidaemia in 
patientss receiving RTV and a reduced risk of a low HDL-c in patients receiving 
NNRTls,, particularly NVP, may be associated with differences in CHD risk, and, 
therefore,, may give the NNRTI regimens an advantage over current Pi-containing 
regimens,, particularly in patients with pre-existing known risk factors for CHD. 
However,, we would like to underscore that, at this stage, this discussion remains 
speculative.. With additional follow-up and clinical endpoints, the D:A:D study may, in 
duee course, have data to assess the association between different types of CART 
regimenss and the risk of CHD. 
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