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Cardiac Risk Factors  

• What are cardiac risk factors? 

– Increased age  

– Sex (men are at higher risk) 

– Smoking  

– Elevated LDL cholesterol (LDL) 

– Low HDL cholesterol (HDL) 

– Hypertension 

– Presence of diabetes (or risk equivalent) 

• How to define cardiac risk and need for intervention 

– Persons with 2 or more risk factors are at increased                

risk of coronary heart disease (CHD) 

– Risk assessment tools can be used to calculate percent              

of CHD risk 

Wilson PW et al. Circulation. 1998;97:1837-1847.   
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Lipids and CVD Risk 

• Increasing plasma LDL increases relative risk of CHD 

• A 30 mg/dL ↑ in LDL is associated with ~30% ↑ CHD risk 
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Higher HDL Reduces Cardiovascular  

Risk at All LDL Levels 

• 1 mg/dL increase in HDL reduces CVD risk by 2% in men and 3%         
in women1 

• Low HDL cutoffs: <40 mg/dL for men; <50 mg/dL for women2 

1. Gordon T et al. Am J Med. 1977;62:707-714; 2. Gordon DJ et al. Circulation. 1989;79:8-15. 
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Studies of CVD risk associated with 

treatment in HIV 

• Cohort studies of clinical outcome: 

• CDC/HOPS: Holmberg et al 

• John Hopkins 

• Medicaid: Currier et al 

• French HIV Hospital Database: Mary-
Krause et al 

• Kaiser Permanente: Klein et al 

• Data collection of Adverse event of 
anti-HIV drugs (D:A:D) 

• VA database: Bozzette et al 
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The Data Collection on Adverse Events of Anti-HIV 

Drugs (D:A:D) Study 

• Prospective, multinational, observational study 
initiated in 1999  

• Formed by collaboration of 11 previously established 
HIV cohorts 
– > 33,000 HIV-infected patients followed at 188 clinics in 20 

countries in Europe, US, and Australia  

• Purpose of the D:A:D study  
– To determine the prevalence of risk factors for CVD among 

HIV-infected persons 

– To investigate any association between risk factors, stage of 
HIV disease, and use of ART 



CV risk factors in an HIV-infected population: 

the DAD study 

Friis-Moller N et al. AIDS 2003; 17: 1179–1193 
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Incidence of myocardial infarction  

and duration of exposure to cART (D:A:D cohort) 

 

# MI 

PYFU 

                  14             16            22            34           56            55            39             41                277          

                 10,103       6,324        8,165    10,846    13,060      12,254     9,073         6,751         76,577 
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El-Sadr et al, CROI 2005 (#N-186) 

Relative rate per additional year  

of exposure to cART*: 1.17 

(95% CI: 1.08-1.26) 

*: Adjusted for conventional risk factors not influenced by cART 



D:A:D Study 

Risk of MI by Exposure to NNRTIs and PIs 
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Is there a hierarchy of treatment-associated risks for 

hyperlipidemia and cardiovascular disease 

• among NRTIs?  

• among NNRTIs?  

• among PIs? 

Antiretrovirals 

Uses and Risks 



van Leth F, et al. PLoS Med. 2004;1:e19.  

2NN: Lipid Effects of EFV vs NVP at Week 48 

• 48-week, multicenter, open-label, 
randomized trial in treatment-naive 
patients (N = 1216) 

– NVP 400 mg QD (n = 220) 

– NVP 200 mg BID (n = 387) 

– EFV 600 mg QD (n = 400) 

– NVP 400 mg + EFV 800 mg  
QD (n = 209) 

– All plus d4T + 3TC 

• Similar efficacy with NVP BID  
and EFV but NVP did not meet 
equivalence criteria 

• Greater lipid changes with EFV 
(combination NVP + EFV arm 
excluded from lipid analysis) 

*P < .05 vs NVP. 
†P < .001 vs NVP. 
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GS 934 and GS 903 

Lipid Effects of Tenofovir vs Thymidine Analogues 

Mean Δ From BL to 

Week 144, mg/dL 

GS 934[1] GS 903[2] 

TDF + FTC + 

EFV 

(n = 255) 

ZDV/3TC + 

EFV 

(n = 254) 

P Value TDF + 3TC + 

EFV 

(n = 299) 

d4T + 3TC + 

EFV 

(n = 303) 

P 

Value 

TC 

• mmol/L 

24 

0.62 

36 

0.94 
.005 

30 

0.79 

58 

1.50 
.001 

LDL cholesterol 

• mmol/L 

10 

0.26 

16 

0.41 
NS 

14 

0.36 

26 

0.67 
.001 

HDL cholesterol 

• mmol/L 

13 

0.34 

12 

0.31 
NS 

9 

0.23 

6 

0.15 
.003 

TG 

• mmol/L 

4 

0.04 

36 

0.41 
.047 

1 

0.01 

134 

1.51 
.001 

1. Arribas J, et al. J Acquir Immune Defic Syndr. 2008;47:74-78.  
2. Gallant JE, et al. JAMA. 2004;292:191-201. 

 Prospective, randomized, double-blind studies in treatment-naive patients  

 TDF associated with more benign lipid changes and less lipoatrophy 



GEMINI Study 

Lipids Effects of SQV/RTV vs LPV/RTV (On-Treatment Analysis) 

 More patients in the LPV/RTV group exceeded the NCEP threshold (39%) for total 
cholesterol vs the SQV/RTV arm (31%)  

 Significant difference in fasting TC:HDL ratio between arms at Week 24 lost at 
Week 48 

Walmsley SL, et al. EACS 2007. Abstract PS1.4. 
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Eron JJ, et al. Lancet. 2006;368:476-482. 

KLEAN Study 

 Lipid Effects of FPV/RTV vs LPV/RTV at Week 48 
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ALERT Study  

Lipid Effects of FPV/RTV vs ATV/RTV at Week 48 

Smith K, et al. IAS 2007. Abstract WEPEB023. 
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CASTLE Study  

Lipid Effects of ATV/RTV vs LPV/RTV at Week 48 

• 2% of ATV/RTV vs 7% of LPV/RTV subjects initiated lipid-lowering therapy during 
study 
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ARTEMIS Study 

 Mean Fasting Lipid Levels Over Time for DRV/RTV vs 

LPV/RTV 

De Jesus E, et al. ICAAC 2007. Abstract 718b. 
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Boosted vs Unboosted PIs 

 Low-dose RTV boosting associated with 

– Increased efficacy, less frequent dosing, reduced resistance on failure 

– Increased incidence of AEs and metabolic events 

PIs Administered Unboosted PIs Boosted With  

RTV 100 mg/day 

PIs Boosted With  

RTV ≥ 200 mg/day* 

ATV ATV/RTV LPV/RTV 

FPV FPV/RTV (naive pts only) FPV/RTV 

NFV DRV/RTV (naive pts only) DRV/RTV 

IDV SQV/RTV 

TPV/RTV* 

IDV/RTV 

*All RTV 200 mg/day except TPV requires RTV 400 mg/day, 



BMS-034 & BMS-089 

Lipid Effects of Boosted and Unboosted ATV at Wk 48 

*P < .0001 
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BMS-089: Week 96 Results of Boosted vs Unboosted 

ATV in ART-Naive Pts 

• AI424-089: randomized, open-label, 
multicenter trial  

– ATV 400 mg QD (n = 105) 

– ATV/RTV 300/100 mg (n = 95) 

– Both with d4T XR 100 mg QD + 3TC 300 
mg QD 

• Trend for more virologic failure in 
ATV arm at Week 96* 

• Greater effects on lipids with 
ATV/RTV vs ATV 

• Median lipid levels did not meet 
intervention levels at Week 96 

 

Malan DR, et al. J Acquir Immune Defic Syndr. 2008;47:161-167. 

*Not powered to determine if ATV noninferior to ATV/RTV. 
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*Unboosted ATV, except ATV/RTV used in patients also receiving TDF. 
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Mallolas J, et al. IAS 2007. Abstract WEPEB117LB. 

ATAZIP: Switch From LPV/RTV to ATV/RTV 
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Meta-analysis of Impact of NRTI Backbone + 

PI/r on Lipids 
Multivariate analysis of percentage change in lipids from baseline to 

week 48: Effects of NRTI versus PI used 
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EFV 
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DeJesus E, et al. CROI 2008. Abstract 929. 

 MVC + ZDV/3TC associated with greater decrease in TC-to-HDL ratio vs  
EFV + ZDV/3TC: -0.54 (-0.014) vs -0.43 (-0.011) (P = .005) 



MRK004:  

Serum Lipids at Week 96 

Mean change from baseline (mg/dL) at week 96 

RAL* + TDF/FTC (N=160) EFV + TDF /FTC (N=38) 

Baseline 

Mean 

Mean 

Change 

Baseline 

Mean 

Mean 

Change 

RAL vs 

EFV 

Cholesterol 166.2 +1.1 168.9 +24.0 P=0.002 

LDL-C 103.9 -5.8 108.5 +4.4 P=0.045 

HDL-C 38.0 +7.4 37.9 +13.0 P=0.017 

Triglycerides 134.7 -10.8 126.1 +13.4 P=0.145 

Total: HDL ratio 4.6 -0.7 4.6 -0.7 P=0.689 

* All RAL dose groups combined 

Markowitz M, et al. 17th IAC; Mexico City, Aug 3-8, 2008; Abst. TUAA0302. 



SMART: Schematic of Study Design 

HIV-infected 

patients with 

CD4+ cell 

count  

> 350 

cells/mm3 

 

(N = 5472) 

Treatment Interruption Arm 

Treatment stopped when CD4+ cell count  

> 350 cells/mm3; restarted when  

CD4+ cell count < 250 cells/mm3  

(n = 2720) 

Viral Suppression Arm 

HAART continuously administered 

(n = 2752) 

Mean follow-up: 

16 months 
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SMART: HIV Progression With Continuous HAART 

vs Interruption 

 CD4-guided drug conservation strategy associated with significantly 
greater disease progression or death compared with continuous viral 
suppression: RR: 2.5 (95% CI: 1.8-3.6; P < .001) 

El-Sadr W, et al. N Engl J Med. 2006;355:2283-2296. 



 TAs not associated with increased 
risk of MI 

 Current or recent (within 6 
months) use of ABC or ddI 
associated with  
increased relative risk of MI  

– 90% increase of risk of MI with 
recent ABC 

– 49% increase of risk of MI with 
recent ddI 

– Risk most prominent in 
individuals with underlying CVD 
risk factors 

 Increased risk no longer observed 
in patients who had discontinued 
ABC or ddI for > 6 months 

D:A:D Study 

 Recent Use of ABC, ddI Associated With Increased Risk of MI 

CHD (n = 639) 

Stroke (n = 195) 

Adjusted Relative Rate (95% CI) 

ZDV 

ddI 

d4T 

3TC 

ABC 

RR: 1.40 (P = .005) 

RR: 1.63 (P = .0001) 

0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 

D:A:D study group, Lancet 2008  



Inflammatory markers and HIV 

replication:increased mortality risk. 

 
• SMART trial  

– Interruption of ARV associated with a significant increase of IL- 6 

 and D-dimers 

– High levels of D-dimers and IL-6 associated with high risk of death 

  (of any cause) (RR 26,5 & 11,8 respectively) 

– High levels of IL-6 and D-dimers could explain part of the increased risk of 
CVD and death in the DC arm. 

 

• STACCATO trial  

Viral replication rebound after tratment interruption associated with: 

 - increase of markers of endothelial activation (s-VCAM-1 = soluble 
vascular cell adhesion molecule) and inflammation (MCP-1 = monocyte 
chemotactic protein). 

 - these changes were partially reversible 12 weeks after treatment  

 re-initiation. 

 - decrease of IL-10 and adiponectin 

Kuller L, CROI 2008, Abs. 139 ; Calmy A CROI 2008, Abs. 140 

153 



Hazard Ratios for Four Groupings of CVD:  

”ABC (no ddI)” vs. ”Other NRTIs”    
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Lundgren J, et al. 17th IAC; Mexico City, Aug 3-8, 2008; Abst.  THAB0305. 



Hazards Ratios* for ”ABC (no ddI)” vs. ”Other NRTIs” by CV 

Risk Status at Study Entry    

Favors “Other”  ◄ Favors ABC 
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on ECG 

Yes 

P>0.4 

No 

Yes 

No 

3.1 

3.1 
At study entry: 

Hazard ratio* (95% CI) of CVD (expanded definition)  

 
* Adjusted for CV risk factors 

Lundgren J, et al. 17th IAC; Mexico City, Aug 3-8, 2008; Abst.  THAB0305. 

P=0.1 



Biomarker Levels* at Study Entry: ”ABC (no ddI)” and ”ddI 

(+/- ABC)” vs. ”Other NRTIs” 
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If not shown, p>0.1 

(n=791)‏ 

Median (IQR)  

levels in  

”Others NRTIs” 

 

(nmol/L)  (µg/mL)  (µg/L)  (mg/mL)  (pg/mL)  (µg/mL)  

0.4 (0.3-0.5)  0.3 (0.2-0.5)  65 (51-86)  3.6 (1.9-6.8)  2.2 (1.4-3.7)  2.3 (1.0-5.3)  

Lundgren J, et al. 17th IAC; Mexico City, Aug 3-8, 2008; Abst.  THAB0305. 

*Adjusted Mean Differences 

p=0.07 

p=0.07 

p=0.02 



Potential  clinical implications of HIV as activator of 

atherogenic process? 
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Integrate CVD prevention & management in the long term follow up 

of HIV patients taking into account all contributing factors 

 

*Metabolic syndrome. 
†Precise contribution unclear. 

CHD risk  

Emerging factors: 

Lp (a), CRP, IMT, 

and endothelial 

function Diabetes 

Lipids* 

Family history 
Abdominal obesity* 

Hypertension* 

Cigarette smoking  

Hyperglycemia 

Insulin resistance*  

Inactivity, diet 

HIV infection† 

Age 

Sex 

HAART† 
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Contribution of Dyslipidemia to MI Risk 

*Adjusted for conventional risk factors (sex, cohort, HIV transmission group, ethnicity, age, BMI, family history of CVD, 

smoking, previous CVD events, lipids, diabetes, and hypertension). 

†Unadjusted model. 

Relative Rate of MI* (95% CI) 

 

0.72  (0.52–0.99); P=0.05* 

 

1.58  (1.43–1.75); P<0.001† 

 

1.26  (1.19–1.35); P<0.001* 

 

 

1.10  (1.01–1.18); P=0.002* 

 

 

1.00  (0.93–1.09); P=0.92* 

 
 

Total cholesterol 

(per mmol/L) 

Triglycerides 

(per log2 mmol/L higher) 

HDL cholesterol 

(per mmol/L) 

PI exposure  

(per additional year) 

 

NNRTI exposure 

(per additional year) 

1 10 0.1 

Friis-Moller N et al. N Engl J Med. 2007;356:1723-1735. 



Lipid Goals For HIV-Infected Patients 

• NCEP lipid goals intended for general population likely 

appropriate for HIV-infected patients 

– Lipid goals established to reduce cardiovascular risk 

• Data from D:A:D cohort suggest Framingham risk equation 

overestimates risk of cardiovascular events in HIV-infected 

patients 

• D:A:D equation more accurately predicted CHD outcomes 

in HIV-infected population 

– Incorporates PI exposure as well as conventional CHD risk 

parameters 

Friis-Moller N, et al. CROI 2007. Abstract 808. 
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Lipid-Lowering Therapy Overview 

            Nicotinic Acid 

        LDL  , TG , HDL  

         Side effects: flushing, 
hyperglycemia, hyperuricemia,  
upper GI distress, hepatotoxicity 

 

 

Statins 

LDL , TG , HDL 

Side effects: myopathy,                  
 liver enzymes 

 

 

              Fibrates 

          LDL , TG , HDL  

        Side effects: dyspepsia,     
         gallstones, myopathy 
 

 

               Ezetimibe 

          LDL , TG , HDL  

    Side effects:  liver enzymes,     

                 diarrhea  
 

 

Omega-3 Fatty Acids 

LDL , TG  , HDL  

Side effects: GI, taste 
 

  Bile Acid Sequestrants 

 LDL , TG , HDL  

Side effects: GI distress/ 
constipation,  absorption           

of other drugs 
 



Utility of Lipid-lowering Agents for Dyslipidemia in HIV Infection? 

• There is a role for fibrates, statins and niacin 

 

BUT  

• Target lipid levels infrequently achieved in clinical trials 

• Interactions between statins and PIs can complicate use 

• Increased cost 

• Increased pill burden 

• Potential for glucose intolerance with niacin 



Lipids Management 

What are the preferred management approaches for 
patients with HAART-associated hyperlipidemia?  
 
Specifically, what factors should be considered in 
deciding whether to switch antiretroviral agents, use  
lipid-lowering therapy, or both? 

 



Lipid-Lowering Therapy  

vs Switching PI 

• 12-month, open-label study of  

130 patients; 60% male; mean  

age: 39 years 

• Stable on first HAART regimen 

randomized to 

– PI  EFV (n = 34) 

– PI  NVP (n = 29) 

– Add bezafibrate (n = 31) 

– Add pravastatin (n = 36) 

• Pravastatin or bezafibrate 

significantly more effective in 

management of hyperlipidemia than 

switching ART to an NNRTI 

Calza L, et al. AIDS. 2005;19:1051-1058. 
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• SQV/RTV1 

– Atorvastatin 347% AUC 

– Simvastatin 3059% AUC 

– Pravastatin 50% AUC 

• NFV2,3 

– Atorvastatin 74% AUC 

– Simvastatin 505% AUC 

– Pravastatin 47% AUC 

• LPV/r4 

– Atorvastatin 588% AUC 

– Pravastatin 30% AUC 

• fosAPV5 

– Atorvastatin 130% AUC 

• EFV6 

– Atorvastatin 43% AUC 

– Simvastatin 58% AUC 

  

Fibrates 

Fluvastatin 

Pravastatin 

 
• Statin-Fibrates 

Atorvastatin 

 

 
 

 

Lovastatin 

Simvastatin 

Low interaction 
potential 

 

 

Use cautiously 

 

 

Contraindicated 

with PIs 

1Fitchenbaum CJ, et al. AIDS. 2002;16:569-577. 
2Hsyu PH, et al. AAC. 2001;45:3445-3450. 

3Gerber J et al 2nd IAS 2003, #870 
4Carr RA, et al. 40th ICAAC, Toronto, 2000. Abstract 1644. 

5Telzir Package Insert 2003. 
6Gerber JG, et al. 11th CROI. 2004. Abstr# 603. 

Lipid Lowering Agents and ARVs: Drug Interactions 
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APROCO Cohort (HIV+) MONICA Sample (HIV–) 

Blood  

Glucose   
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 NS 

P<0.0001 

HDL 

<40 mg/dL 
LDL 

>160 mg/dL 

 N=223 HIV+ men and women on PI-based regimens vs 527 HIV– male subjects:  

– HIV+ patients have lower HDL and higher TG 

– Predicted risk of CHD > in HIV+ men (RR=1.2) and women (RR = 1.6), P<0.0001 

Savès M et al. Clin Infect Dis. 2003;37:292–298.  

Incidence of Smoking Is Increased Among  
HIV-Infected vs General Population 



Summary 

• CVD risk is increasing in the aging HIV population 

• CVD risk is associated with HAART and lipid elevation 

• Prevalence of dyslipidemia is substantial especially with some PI-

based regimens 

• Consider smoking, diet and exercise interventions standard 

• Watch for insulin resistance and the metabolic syndrome 

• Use lipid lowering therapies along NCEP guidelines 

• Switching ART to less dyslipidemic agents may avoid the need for 

additional interventions 

• New agents appear to have few short term impact on lipid profile 

 



Integrate CVD prevention & management in the long 

term follow up of HIV patients taking into account all 

contributing factors 

 

*Metabolic syndrome. 
†Precise contribution unclear. 

CHD risk  

Emerging factors: 

Lp (a), CRP, IMT, 

and endothelial 

function Diabetes 

Lipids* 

Family history 
Abdominal obesity* 

Hypertension* 

Cigarette smoking  

Hyperglycemia 

Insulin resistance*  

Inactivity, diet 

HIV infection† 

Age 

Sex 

HAART† 





Background 

• Metabolic diseases in HIV-infected persons 

– Associated with aging 

• prevalence will increase in years to come  

– Causes are multifactorial 

• Underlying risk (genetic and environmental influences) 

• Untreated HIV 

• ART – directly and indirectly 

– Management 

• HIV-specific issues 

– HIV infection and ART influences risk 

» Pharmaceutical “push” 

– Polypharmacy (drug-drug interactions, pill burden, etc)  

• Guidelines used in general population 

– Compliance ? – next slide 



The use of lipid-lowering drugs 

in high-risk populations: D:A:D  

Sabin C. et al., CROI, 2007. 
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Scope 

• When to seek consultation with metabolic specialists 

• Diseases covered 

– Prevention of CV disease 

– Prevention and management of lipodystrophy 

– Treatment of type II diabetes 

– Prevention and management of hyperlactataemia 

– Management of hypertension 

• Diseases not (yet) covered 

– Renal disease 

– Bone disease 

– Sexual dysfunction 



Dynamic document 

• No previous comprehensive HIV-specific metabolic 

disease management guidelines exist 

• Direct evidence guiding prevention and management of 

metabolic diseases in HIV are limited 

• Several extrapolations from guidelines in general 

population are made 

– Competing risks since untreated HIV is life-threatening 

– Conservative approach 

• Version on web-site will be updated regularly based on: 

– Input from users – please  

– New information emerges 


