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Why is this important? 

PAR (top) and 
DALY/100000 persons 
(bottom) for HIV-
associated CVD 
(Shah A Circulation 
2018)

People with HIV are twice as likely 
to develop CVD and the global 
burden of HIV-associated CVD has 
tripled in the past 2 decades
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2004 2013
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Pathophysiology and management of HIV-associated CVD

Hsue PY Nature Reviews Cardiology 2019



What do we know about statins in general?



Lower LDL-C is Better:

CTT: Data from > 90000 pts on statins in 14 
trials

For every 1mmol (38.7mg.dL) reduction in LDL-
C, there is a 20% reduction in annual rate of 
clinical events, irrespective of initial lipids or 
presenting characteristics

The absolute benefit relates to the individuals 
absolute risk of events and absolute reduction 
in LDL-C

Baigent C Lancet 2005



Statins are beneficial in virtually ALL 
populations

• M/F, young/old, DM/no DM, HTN/no HTN, 
Smoking/No smoking

Lancet 2010

Exception: Only population in which statins have 
not shown benefit is ESRD on HD (Fellstrom BC 
NEJM 2009, AURORA trial)



17802 men (>=age 50) and women (>=age 60)  
LDL <130mg/dL and hsCRP >=2.0mg/L
LDL-C reduced by 50% and hsCRP by 37%

NNT  for 5 years to prevent 1 event is 25

44% reduction

47% reduction

47% reduction

20% reduction

What was the JUPITER study?



Before REPRIEVE, what were the guidelines for statin treatment in 
PWH?



HIV as a “risk enhancer” which would 
favor starting moderate/high intensity 
statin among individuals at borderline 
risk (between 5-<7.5%)

Grundy SM JACC 2019

*Moderate intensity statins are 
recommended for ALL pts (w/wo HIV) 
with 10 year risk of ASCVD>=7.5 
“Using the PCE, 2013 ACC/AHA guidelines 
identified >=7.5% risk as RCT supported 
threshold for benefit of statin tx”



Traditional risk calculators underestimate ASCVD risk in HIV

• Traditional risk factors are associated with increased CVD risk in HIV 
• Risk predictors developed in non-HIV populations may not predict risk in HIV 

due to different etiologies
• HIV-specific calculators have been proposed (biomarkers, ART)
• Multiple different studies have concluded that traditional risk calculators 

underestimate CV risk in HIV

D’Agostino RB JID 2012
Friis-Moller N et al European Jl Preventive Cardiology 2015
Feinstein MJ et al JAMA Cardiol 2017
Thompson-Paul A et al CID 2016
Triant V Circulation 2018

Focusing on only known pathways for CVD risk or limited number 
of markers may not yield the best risk prediction in HIV



Should HIV be considered a CVD equivalent?
• Association of HIV to atherosclerosis similar to DM  (FRAM study) 
• Veterans Cohort: HR for HIV infection and acute MI similar DM 

Grunfeld C AIDS 2009; 23: 1841-1849.
Freiberg M JAMA IM 2013.
ESC/EAS Guidelines, Eur Heart Journal 2019How are we going to get there?

PWH?

2019 ESC/EAS Guidelines for risk assessment and management of dyslipidemia:



Question:

Does the REPRIEVE trial mean that all PWH should be on pitavastatin?

• Yes!
• No!



REPRIEVE Trial Schema

Grinspoon, Am Heart Journal 2019



Inclusion criteria for REPRIEVE is complicated
PWH aged 40-75 years, stable ART
Low to moderate risk of ASCVD using 2013 ACC/AHA pooled cohort equation with a risk up to 15%
DM if LDL-C < 70mg/dL
ASCVD risk > 15% if LDL < 70 mg/dL
Median ASCVD risk score of 4.5%, 28%  had score of 0 to 2.5
Median LDL at entry of 107mg/dL decreased to 74mg/dL in pitavastatin treated group



REPRIEVE: Main Outcomes

HR: 0.65
(0.48-0.90)

HR: 0.79
(0.65-0.96)

Grinspoon, NEJM, 2023



• Consistent effect among subgroups

Grinspoon S NEJM 2023



Primary Prevention with Statins Guidelines
Based on Predicted ASCVD risk (and NNT)
(https://tools.acc.org/ascvd-risk-estimator-plus/#!/calculate/estimate/)

<5% >120

ASCVD 
Risk NNT-5y

5-7.5% 80-120

7.5-10% 60-80

10-20% 40-60

Don’t 
Consider

Consider

Treat

USPSTF

Don’t 
Consider

Consider

Treat

ACC/AHA

AHA/ACC Guidelines, Circulation, 2018; USPSTF, JAMA, 2022
Slide from P. Hunt

What is the NNT? 



What was the NNT in the REPRIEVE Trial?

Slide from P. Hunt



How Does REPRIEVE Result Compare to 
Existing Treatment Thresholds?

(https://tools.acc.org/ascvd-risk-estimator-plus/#!/calculate/estimate/)

<5% >120

ASCVD 
Risk NNT-5y

5-7.5% 80-120

7.5-10% 60-80

10-20% 40-60

Don’t 
Consider

Consider

Treat

USPSTF

Don’t 
Consider

Consider

Treat

ACC/AHA

AHA/ACC Guidelines, Circulation, 2018; USPSTF, JAMA, 2022; slide from P. Hunt

Overall REPRIEVE 
result

REPRIEVE with 
ASCVD score<5%

(>1/2 participants)

REPRIEVE with 
ASCVD score>5%
(<1/2 participants)

If we follow NNT 
thresholds used 
in existing statin 
guidelines, only 

PWH with ASCVD 
scores>5% would 
be recommended 

for statins.



HIV Does Increase CVD Risk by ~63%

Slide from P. Hunt



Zanni, IAS, 2023

ASCVD Risk Score May Underestimate CVD 
Risk to a Greater Extent in Women with HIV

• HIV may attenuate the ”female advantage” in CVD risk
• Results raise the question whether more women than men should be newly 

eligible for statins because of REPRIEVE



Does low ASCVD risk in PWH =  no benefit from statin?

• Using ACC/AHA guidelines, 2/3 of PWH were not recommended to be 
on statin had evidence of significant carotid plaque (Phan BA, Circ CV 
Imaging 2017).
• Among PWH with calculated ASCVD risk of < 2.5%, 30% had plaque 

on CT angiography (Hoffmann U, Jama Network Open 2021).
• 35% of PWH had CAC>0 (Hoffman U, Jama Network Open 2021).
• Question:  Should we consider imaging in asymptomatic PWH who 

are at intermediate risk for CVD?  



In PWH with Low ASCVD Risk (2.5-5%), Perhaps more 
Women than Men Should be Considered for Statins

(https://tools.acc.org/ascvd-risk-estimator-plus/#!/calculate/estimate/)

<5% >120

ASCVD 
Risk NNT-5y

5-7.5% 80-120

7.5-10% 60-80

10-20% 40-60

Don’t 
Consider

Consider

Treat

USPSTF

Don’t 
Consider

Consider

Treat

ACC/AHA

AHA/ACC Guidelines, Circulation, 2018; USPSTF, JAMA, 2022,slide form P. Hunt

REPRIEVE women
with ASCVD score 

2.5-5%

REPRIEVE men
with ASCVD 
score<5%

REPRIEVE with 
ASCVD score>5%
(<1/2 participants)

How would 
NNT-10y 
change our 
thinking?



Question:

• Does the REPRIEVE trial mean that all PWH should be on statins?
• Yes!
• No!

My answers: not all PWH, but likely increased use among those aged 40-75 –more use 
among those with ASCVD risk of 5% and higher

Statin use already indicated in DM (with or without HIV)

Statin use already indicated in persons with risk of 7.5% and above (with or without HIV)

Some PWH with ASCVD risk <=2.5% may benefit from statin



Megan Mclaughlin AIDS 2023

Opportunities for Improvement in Statin use among PWH

REPRIEVE results are an important 
reminder to all clinicians to think 
about statins in PWH who meet 
criteria; even before the study 
results, PWH were undertreated.

> 50% eligible for statins were not on them



Pitavastatin: what do we know? 

1.T/F: For individuals with ASCVD, Pitavastatin is clinically indicated
2. T/F: Pitavastatin is cost effective for use in PWH
3. Fill in the blank: 
In the past 20 years, Dr. Hsue has prescribed pitavastatin ___ times



Source: US Pharmacist, 
https://www.uspharmacist.com/article/understanding-

cholesterol-therapy-an-update-for-community-pharmacists
30

Pitavastatin is a moderate intensity statin

• High-intensity statins (≥50% ↓): 
• Atorvastatin 40-80mg
• Rosuvastatin 20-40mg

• Use high-intensity for: 
• Treatment of ASCVD
• High-risk primary prevention

Slide from C. Dejong



Lower is better not only for LDL but also inflammation

Ridker P European Heart Journal 2016

Secondary 
prevention with 
80mg atorvastatin 
vs. 40mg 
pravastatin

Secondary prevention: 
simvastatin vs. simva + ezetimibe



Nissen, JAMA, 2004

32

Anti-inflammatory effects differ among statins

• PROVE IT and MIRACL trials – high-intensity atorva or rosuva reduce MACE after MI
• Rapid benefit seen within 30 days 
• 34%-38% reduction in hsCRP

• A to Z Trial - high-dose simvastatin after MI did not improve MACE compared to 
placebo/low-dose, despite achieving similar LDL targets to PROVE IT and MIRACL
• Only 16.7% reduction in hsCRP

• Benefit cannot be fully predicted from LDL targets – attributed to different 
pleiotropic effects

Slide from C. Dejong



33

Pitavastatin, rosuvastatin, atorvastatin all have potent 
pleiotropic effects

Davignon, BJCP, 2011
Slide from C. Dejong
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Which lowers inflammation more? Rosuvastatin vs. 
Pitavastatin?

• Yanagi et al, 2011: Crossover trial of 90 patients with DM and HLD in Japan 
• 24 weeks: ROS-PIT, PIT-ROS, PIT, or ROS
• Rosuva 2.5mg led to greater LDL reductions than pitava 2mg (44% vs. 37%)
• Both lowered inflammatory markers: 

• Rosuva led to greater hsCRP reductions than pitava (20% vs. 12%)
• Similar reductions in TNF-alpha and plasminogen activator inhibitor-1

• Take-home: 
• Variable pleiotropic effects without sufficient head-to-head comparison among PWH
• Rosuvastatin, pitavastatin, atorvastatin all affect multiple immune/inflammatory pathways

Slide from C. Dejong
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Is pitavastatin cost-effective for primary prevention of ASCVD among PWH?

Slide from C. Dejong
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Methods
• Population: PWH aged 40-75 on ART, not using lipid-lowering therapy  

• Data source: Data collection on Adverse Events of Anti-HIV Drugs (D:A:D) study 
• Modelled cost effectiveness of no statin, pravastatin 40mg/day ($236/year), or pitavastatin 4mg 

($2,828/year) for primary prevention of ASCVD over 20 years

• Cost-efficacy threshold set at $100,000/QALY
• Assumptions: 

• 20.5% LDL reduction for pravastatin and 29.7% reduction for pitavastatin (INTREPID trial)
• In sensitivity analysis, further 10-20% reduction in ASCVD risk due to anti-inflammatory effects
• 50% reduction in statin adherence (and costs) after year 1 

Slide from C. Dejong
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Results
• Pravastatin compared with no statin: 

• Pravastatin led to a 9.1%, 8.7% and 5.3% relative reduction in the rate of incident MI, stroke and fatal CVD 
(less than 1 of each event per 1,000 person years)

• 0.024 additional QALYs at an incremental cost of $1,338, resulting in an incremental cost effectiveness ratio 
(ICER) of $56,000/QALY gained

• Pitavastatin compared with pravastatin: 
• Pitavastatin had a further 5.0%, 4.8% and 5.6% relative reduction in the rate of MI, stroke and fatal CVD
• 0.013 additional QALYs at an incremental cost of $18,251, giving an ICER of $1,444,000/QALY gained

• Pitavastatin outperformed pravastatin if the annual cost was reduced to < $350 (12.4% of the base-
case price)

Slide from C. Dejong



Even with 30% additional ASCVD preventative efficacy, the price of pitavastatin
needed to drop below 50% of the base-case price to become cost-effective 
compared with no statin

38
Slide from C. Dejong



Pitavastatin: what do we know? 

• T/F questions:
1.T/F: For individuals with ASCVD, Pitavastatin is clinically indicated
False-it is a moderate intensity statin and for high risk 
individuals high intensity statins (atorvastatin/rosuvastatin) are 
indicated
2. T/F: Pitavastatin is cost effective for use in PWH
False – Cost of $10 per pill, only cost effective if price reduced to 
$350 per year; atorvastatin/rosuvastatin, generic which may 
be alternatives
3.Fill in the blank:  In the past 20 years, Dr. Hsue has prescribed 
pitavastatin ___ times
Answer: 0!



Where do we go from here? Other than statins how are we going to 
reduce ASCVD risk among PWH?



NEJM 2005



Residual inflammatory risk: what are options after statin 
treatment?

Ridker PM European Heart Journal 2016

PWH



Beyond statins: lipid lowering therapy

Nordestgaard BG Nat Rev Cardiol 2018

Alirocumab – twice weekly injectable
Evolocumab – once month injectable

Inclisiran – small interfering double – stranded RNA
Inhibits production of PCSK9 in hepatocytes
Injection every 6 months



18,924 pts with acute coronary syndrome (ACS) on high 
intensity statin treated with alirocumab or placebo

15% reduction

Target LDL was 25-50 mg/dL no impact on inflammation 

15% reduction in risk of recurrent ischemic CV events



JACC 2020

464 pts treated with evolocumab for 24 weeks
73% achieved LDL< 70mg/dL
Evolocumab also reduced other atherogenic 
lipids [non-HDL, apo B, Lp(a)]
Evolocumab overall well tolerated



PCSK9 Inhibition in HIV
• EPIC-HIV Study: A Randomized, Placebo-Controlled Study to Assess the Efficacy and Safety of PCSK9 

Inhibition in HIV-Infected Subjects at UCSF
• Alirocumab or placebo (n=140) injected subcutaneously every 2 weeks for a duration of 52 weeks

R61/R33 HL141047-01, PI: Hsue, Tawakol and Lu

Michael Lu
MGH Radiology

Ahmed Tawakol
MGH Cardiology



Question:

What LDL-C goal should we target for PWH?
• <100mg/dL
• <70mg/dL
• <50mg/dL
• <25mg/dL



September 2018

3 trials of nonstatin tx added to background statin (50,627 pts), median LDL of 63-70mg/dL
Nonstatin tx lowered LDL to 11 to 45mg/dL (median of 21mg/dL)
RR for vascular events was 21% for 38.7mg/dL reduction
LDL lowering NOT associated with SAE, myalgias, LFT elevations, new onset DM, hemorrhagic CVA 
or cancer

”These data suggest that further lowering of LDL-C 
beyond lowest current targets would further reduce 
cardiovascular risk.”

Very low LDL may be beneficial



Should we lower LDL earlier instead of waiting?

Lower rate of MACE In pts getting PCSK9 earlier vs OLE (both getting PCSK9)
PCSK9 safe and well tolerated, majority of pts with LDL< 40mg/dL
23% reduction in CV mortality
CV event rate remained high in both groups

October 2022

• Will a lower LDL goal in PWH be 
beneficial for primary prevention? 

• Will lowering LDL earlier in PWH be 
beneficial?

20% reduction

23% reduction

15% reduction



Question:

• What LDL-C goal should we target for PWH?
• <100mg/dL
• <70mg/dL
• <50mg/dL
• <25mg/dL

Answer is unknown but growing body of evidence suggests that lower
is better for LDL-C, and furthermore lowering LDL-C earlier may be 
beneficial



Other lipid lowering therapies on the horizon…

CLEAR Outcomes: Bempedoic acid reduced primary 
endpoint and MACE by 15%
20% decrease in LDL-C at 6 months, 21.6% reduction in 
hsCRP

2023

Lp(a): Clinical outcomes trials - OCEAN(a) trial (Amgen),Lp(a) 
HORIZON (Novartis) 

2022

2023
Oral PCSK9 inhibitors 

Verve trial of gene editing for PCSK9 in humans
2023



• Was benefit of statin tx in REPRIEVE independent of lipid lowering?
• Yes
• No
• I don’t know…

Statins lower both LDL-C and inflammation so challenging to say if the 
benefit was independent



Residual inflammatory risk: what are options after statin 
treatment?

Ridker PM European Heart Journal 2016

PWH



Role of Inflammation/Immune Activation and CVD in PWH:

• Our group and others defined the key 
link between immunodeficiency and 
CVD

• CV risk persists in the setting of 
treated and suppressed HIV

• Chronic inflammation/immune 
activation remains elevated in the 
setting of effectively treated HIV

• In turn, inflammation is independently 
predictive of CVD

• Focus on inflammation/immune 
activation as underlying mechanism of 
HIV-associated CVD and other 
comorbidities



Targeting IL-1β using canakinumab lower inflammation (not 
LDL-C) , reduces CV events, and cancer incidence/mortality



IL-1β inhibition with canakinumab reduces both arterial 
and bone marrow activity

Hsue PY and Tawakol A JACC 2018



Canakinumab significantly reduced inflammatory markers 
(N=10 pts, 150mg single dose)

CKB tx: hsCRP reduced by 41% (p=0.039) from BL to week 8
IL-6 reduced by 30% from BL to  week 8 (p=0.003)

Hsue PY and Tawakol A JACC 2018



Colchicine in HIV?

RCT of 81 PLWH to test whether colchicine at 
0.6mg daily impacts coronary endothelial 
function
No impact on inflammatory markers or 
coronary or systemic endothelial function

Hays AG, et al AIDS 2021

June 20, 2023: FDA approves colchicine as first 
anti-inflammatory drug to reduce risk for MI, 
CVA, revascularization and CV death in pts with 
established ASCVD or risk factors for CVD

LoDoCo2: 31% 
reduction in 
MACE when 
colchicine 
added to std 
prevention tx

COLCOT: 30 
days after MI,  
colchicine 
reduced risk 
of ischemic CV 
events 23% vs. 
placebo

Colchicine as anti-inflammatory agent for ASCVD



Lancet 2023

Pts with or at high risk of ASCVD receiving contemporary statins N=31245

“We believe that combined use of aggressive lipid-lowering and 
anti-inflammatory therapies might become standard of care for 
atherosclerotic disease in the future.”

MACE

CV Death

All Cause Death

LDL<=70
CRP<2

LDL>=70
CRP<2

LDL<70
CRP>=2

LDL>=70
CRP>=2

Residual inflammation (hsCRP) was significantly associated with:
incident MACE, CV death, all cause death

Residual cholesterol was neutral for MACE, low magnitude for cv death and all cause death



From CANTOS to CIRT to COLCOT to Clinic…

Ridker PM Circulation 2020

Lancet May 2021
77-92% reduction in hsCRP
among individuals with CKD and 
>2mgL hsCRP



Summary:
• Statins have been shown to be beneficial in virtually all populations, 

including PWH
• Regardless of HIV status, all persons with DM or with calculated ascvd

risk of 7.5% or higher should be on moderate intensity statin
• For PWH: Reprieve suggests benefit for statins 
• Likely with ASCVD risk of 5% and above
• However, some PWH with low calculated ASCVD risk may benefit 

from statin, role of imaging?
• Pitavastatin is a moderate intensity statin; other statins such as 

atorvastatin/rosuvastatin could be considered, particularly given cost 
differential



Looking forward, how do we reduce ascvd risk 
among PWH?
• Should statin be started earlier 

instead of later?
• Will there be a benefit of achieving a 

lower LDL-C in PWH using different 
lipid lowering agents?
• What anti-inflammatory therapies 

could be used on top of statin to 
reduce risk? 
• Can we use imaging to ascertain 

statin decision in PWH at low 
calculated ASCVD risk?
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