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Outline
1. What do we see? Clinical Scope of Cardiovascular Diseases (CVDs) 

in People with HIV in the Modern ART Era
- Atherosclerosis and Thrombosis (ASCVD: Atherosclerotic CVD)
- Heart Failure 
- Heart Rhythm Issues

2. Why do we see it? 
- Immunologic changes à inflammation
- Behavioral factors
- ART: Helpful but complicated

3. How do we address it? 
- Prevention and Risk Assessment
- Treatment
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Review: Myocardial Disease vs. ASCVD

ASCVD: Vascular. Coronary arteries, 
aorta, peripheral vessels. Key terms: 
Atherosclerosis, thrombosis, MI.

Myocardium: The Heart Muscle.
Factors influencing the size, 
function, and composition of the 
heart muscle may be vascular (e.g., 
MI leading to cell death), toxic, 
infectious (e.g., myocarditis), 
inflammatory, or other systemic 
(e.g. fibrosis). Key terms: fibrosis, 
myocarditis, hypertrophy, systolic 
dysfunction, diastolic dysfunction, 
heart failure.
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Review: Myocardial Disease vs. ASCVD

ASCVD in HIV: Several studies, some 
hard outcomes studies underway, 
mechanistic research still needed 
but emphasis on trials, 
implementation science too

Myocardial Dysfunction and Heart 
failure in HIV: Limited data, 
particularly in the modern ART era, 
regarding role of HIV in myocardial 
dysfunction. Some epidemiological 
studies, few mechanistic ones. No 
difference in current clinical 
guidance for HIV vs. gen pop
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Epidemiology/Scope of HIV and CVDs



HIV as a Chronic Inflammatory Disease

https://ourworldindata.org/hiv-aids from Oxford University

Epidemiology: Changes over time

38-40 million people with HIV
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HIV and Cardiovascular Risk

Epidemiology: Changes over time…and implications for CVDs
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% of People with HIV dying 

who had CVDs as the primary 

cause: 3x ↑ from 1999-2015

Feinstein MJ, et al. Am J Cardiol. 2016;115(12):1760-6.
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Heart Attack Risk 1.5 – 2x Greater in HIV

(11.3 / 1000p-y)

(7.0 / 1000p-y)

Currier, J. S. "Update on cardiovascular complications in HIV infection." Top HIV Med 2009;17(3): 98-103.

Myocardial Infarction (MI) = Heart Attack
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HIV: 11.3 / 1000p-y
Non-HIV: 7.0 / 1000p-y

Freiberg MS, et al. JAMA Intern Med 2013;173:614-622.\
Figure from: Paisible AL, et al. J Acquir Immune Defic Syndr 2015;68:209-215

MI Risk 1.5 – 2x Greater in HIV
VACS: Across CVD risk factor strata
(risk factors = smoking, diabetes, etc…discussed later)
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GRADIENT by HIV severity: MI HR (vs. Controls)*
- HIV Viral Load (higher is worse)

- <500: 1.39 (1.17-1.66)
- ≥500: 1.75 (1.40-2.18)

- CD4 (lower is worse)
- ≥200: 1.43 (1.21-1.69)
- <200: 1.88 (1.46-2.40)

*Time-updated HIV VL and CD4. Adjusted for age, sex, race/ethnicity, HTN, 
lipids, smoking, statin use, HCV, CKD, BMI, cocaine, etOH

Other studies demonstrating HIV VL and CD4 gradient:
Van Lelyveld S et al. AIDS 2012;26:465-74.
Lang S et al. Clin Infect Dis 2012;55:600.
Bucher HC et al. JAIDS 2012;60:135.
Helleberg M et al. Clin Infect Dis 2013;57:314.
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Heart Failure in HIV

Feinstein MJ, et al. J Am Heart Assoc 2018. 7(21):e009985. doi:10.1161/JAHA.118.0099865

Overall:

Hazard Ratio of HF (HIV+ vs. 
Uninfected): 
2.10 (1.38-3.21)

Among HIV+:
HR per log10higher time-
updated viral load: 

1.22 (1.11-1.33) 

HR per 100 cells/mm3 higher 
time-updated CD 4 count: 

0.80 (0.69-0.92)

Northwestern Medicine Cohort (20% female, physician-adjudicted HF) 
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Heart Failure in HIV

Freiberg MS, et al. JAMA Cardiology. 2017;2:536-546.

Veterans Aging Cohort Study (large, 3% female, admin code-based HF) 
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Heart Failure in HIV

Janjua SA, Triant VA, … Neilan T. J Am Coll Cardiol. 2017;69(1):107-8.

Outcomes following HF diagnosis: Partners system
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Arrhythmias / Sudden Cardiac Death

Tseng ZH … Hsue PY. N Engl J Med 2021;384:2306-2316.

San Francisco Medical Examiner

@MattFeinsteinMD



HIV-related athero-thrombosis

Overview of pathophysiology and inflammation



But first, a quick sidebar into 
inflammation and CVD



Clinical Evidence: Inflammation and CHD/MI
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Residual ↑ CHD risk after adjustment for traditional risk factors
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Kaptoge et al for the Emerging Risk Factors Collaboration. Lancet 2010;375(9709):132-40.
Kaptoge et al. Eur Heart J 2014;35(9):578-89.

Interleukin 6 (IL-6)

1.25 ↑ CHD risk per SD ↑ log-IL-6

C-reactive protein (CRP)
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Clinical Evidence: Inflammation and HF
Residual ↑ HF risk after adjustment for traditional risk factors (Framingham)

Vasan RS et al. Circulation 2003;107:1486-91. 

Multivariable-adjusted HR for 
incident HF (highest vs. lowest 
IL-6 tertile): 3.07 (1.26-7.47)

Multivariable-adjusted HR for 
incident HF (CRP ≥5 vs. <5): 
2.81 (1.22-6.50)
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But what CAUSES inflammation?

And why is it relevant here? 



Inflammation Complexity: Causes, Timing, Sequelae

Cardiac & Vascular 
Inflammation,
Overt CVDs

Immune Response:
Immune cell activation/biasing; phenotype 
switching: Self-tolerance vs. autoimmunity

Antigens &
Antigen-like

triggers

Inflammation = Immune response to something (antigen)

Inflammation
Key effectors: monocyte-

derived (CCR2+) 
macrophages, CD4+ 

Th1/Th17 

Inflammation
Resolution

Key effectors: Tregs (when 
functional), cardiac 
resident (CCR2-) 

macrophages

vs.

Blanton RM, Alcaide P, et al. Am J Physiol 2019;317(1):H324-H340.
Libby P et al. J Am Coll Cardiol 2018;72(17):2071-2081.
Simons KH et al. Nature Rev Cardiol 2019;16(6):325-343.
Tracy RP et al. J Am Heart Assoc 2013;2(3):e000117@MattFeinsteinMD



Inflammation Complexity: Causes, Timing, Sequelae

Cardiac & Vascular 
Inflammation,
Overt CVDs

Immune Response:
Immune cell activation/biasing; phenotype 
switching: Self-tolerance vs. autoimmunity

Antigens &
Antigen-like

triggers

Inflammation = Immune response to something (antigen)

Inflammation
Key effectors: monocyte-

derived (CCR2+) 
macrophages, CD4+ 

Th1/Th17 

Inflammation
Resolution

Key effectors: Tregs (when 
functional), cardiac 
resident (CCR2-) 

macrophages

vs.

Blanton RM, Alcaide P, et al. Am J Physiol 2019;317(1):H324-H340.
Libby P et al. J Am Coll Cardiol 2018;72(17):2071-2081.
Simons KH et al. Nature Rev Cardiol 2019;16(6):325-343.
Tracy RP et al. J Am Heart Assoc 2013;2(3):e000117

Balance & Timing is 
Critical:

“appropriate” inflammation 
(pathogen/debris clearance)
vs. sustained inflammation,  

loss of self-tolerance, 
amplified auto-reactivity

@MattFeinsteinMD



Inflammation Complexity: Causes, Timing, Sequelae

Cardiac & Vascular 
Inflammation,
Overt CVDs

Immune Response:
Immune cell activation/biasing; phenotype 
switching: Self-tolerance vs. autoimmunity

Antigens &
Antigen-like

triggers

Inflammation = Immune response to something (antigen)

Inflammation
Key effectors: monocyte-

derived (CCR2+) 
macrophages, CD4+ 

Th1/Th17 

Inflammation
Resolution

Key effectors: Tregs (when 
functional), cardiac 
resident (CCR2-) 

macrophages

vs.

Antigens & Immuno-Cardiology:
Logic & Hypotheses

1. Antigens & underlying factors (comorbidities, 
immune senescence, genetic) drive immune cell 
biasing & phenotype-switching

2. This dictates inflammatory balance (++ vs. 
resolving), with clear implications for CVD

3. Elucidating these antigens and variable immune 
responses to them will provide upstream, targetable 
insights into inflammation-driven CVD
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Antigens of interest
Infections and immune biasing: insights from model populations
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Antigens of interest
Infections and immune biasing: insights from model populations
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Now, back to HIV and Athero-
Thrombosis
With new knowledge on inflammation



Myocardial Infarction: (Athero-) + (-Thrombosis)

Srikanth S et al. Curr Cardiol Rev 2012;8(3):168-176. 

A dynamic situation, driven by inflammation
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Cardiovascular Risk Factors in General Population

• Traditional Risk factors
- Smoking (!!)
- Dyslipidemia: High “bad” cholesterol (LDL, total cholesterol, 

triglycerides), low “good cholesterol (HDL)
- Diabetes
- High blood pressure
- Obesity
• Additional Risk-enhancing factors
- Chronic kidney disease
- Family history of early heart attack or stroke (M<55 yrs, F<65)
- Chronic inflammatory conditions (including HIV; RA, lupus, Pso)
- Imaging evidence of subclinical disease

@MattFeinsteinMD

Still Important in HIV! Increase risk for heart disease

Arnett DK et al. Circulation 2019;140:e596-e646.



HIV as a Model

Deeks SG, et al. Lancet 2013;382:1525-33.

Immune Activation, Impaired Resolution of Inflammation à CVDs

Bias away from 
regulation, toward 
persistent 
inflammatory/
effector response

**Even when 
suppressed 
peripheral viral 
load, reservoir in 
tissues remains as 
antigenic trigger
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Figure adapted from: Hsue PY, et al. J infect dis. 2012;205 Suppl 3:S375-382
Currier JS. Top HIV Med 2009;17(3): 98-103.
Post WS, et al. Ann Intern Med. 2014;160:458-467.

HIV-Related Vascular Inflammation

HIV INFECTION

IMMUNODEFICIENCY
MICROBIAL 

TRANSLOCATION
PERSISTENT VIRAL 

REPLICATION

CHRONIC IMMUNE ACTIVATION AND INFLAMMATION

VIRAL REACTIVATION

INCREASED 
CLOTTING

ALTERED LIPID 
METABOLISM

INFLAMMATORY CELL 
ARTERIAL INFILTRATION

IMMUNE 
SENESCENCE

ATHEROSCLEROSIS, 
THROMBOSIS, &  MI 

IL-6

hs-C
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D-dimer

Fib
rinogen CD4+T Cells

sCD163LPS

Other HIV-Associated Factors:
- Traditional CV risk factors (e.g. 

smoking)
- Older HIV therapies (certain PIs, 

AZT, d4T)
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“Is it all just the meds?” à No

MI Rate (2700 
person-yrs f/u): 
- ART Interruption: 

1.3/100 
person/years

- ART 
Uninterrupted: 
0.8/100 
person/years
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But does the specific ARV drug matter? 

Maybe



ART and CVD

• Context: ART still >>>> no ART!

• But not all ART created equal re: CVD risk!

• Includes protease inhibitors: not a class effect

- Ritonavir-boosted darunavir: ↑ CVD risk 

- Ritonavir-boosted Atazanavir: Neutral to ↓ CVD risk

• NRTIs

- Older: ↑↑ Mitochondrial toxicity àmyopathy, neuropathy, etc

- TDF – nephrotoxicity; ABC – cardiomyopathy; 3TC – neuropathy 

- TAF vs. TDF: increased cholesterol, LDL; less clear actual CVD effect  

•More on abacavir

- Longer term follow-up cohorts: ↑ CVD risk vs. non-abacavir ART

• ?mechanisms: Endothelial dysfunction, vascular inflammation, platelet reactivity 

- Shorter term clinical trials: No significant effect on CVD risk 

• INSTIs: Weight gain but =/↓ CVD risk

Feinstein MJ et al. Circulation 2019;140:e98-e124 -- Monforte Ad et al. AIDS 2013;27:407-15 -- Ryom L et al. 

Lancet HIV 2018;5:e291-300. -- Marconi VC et al. JAHA 2018;7:e007792. – Marcus JL et al. JAIDS 2016;71:413-

419 – Elion RA et al. JAIDS 2018;78:62-72. – Hsue PY et al. AIDS 2009;23:2021-7 – Alvarez A et al. AIDS 

2017;31:1781-95 – Cid-Silva P et al. Basic Clin Phamarcol Toxicol 2019;124(4):479-90 – Huhn G et al. OFID 

2019;7(1):ofz472 – O’Halloran JA et al. JAIDS 2020;84(4):396-9. – Kileel EM et al. OFID 2021;8(12):ofab537@MattFeinsteinMD



So what do we do about it? 

ASCVD risk stratification, prevention, and treatment in HIV



Assessing Athero-Thrombotic Risk in HIV
CVD Risk Scoring in General: Why, What, and How

Population 
Strategy
Policy interventions: 
food supply, 
smoking laws

High-risk 
Strategy
Individual-level risk 
stratification to 
match intensity of 
therapy to risk
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Assessing Athero-Thrombotic Risk in HIV
CVD Risk Scoring in General: Why, What, and How

•What a risk score is: A prognostic model that converts a 
combination of predictor variables into a risk estimate of 
experiencing a specific endpoint within a specific period of time. 

• Key requirements: 
- Cohort of individuals (prospective) 
• Defined predictor variables (risk factors)
• Clinically relevant endpoints
• Followed for a period of time

- Mathematical model
- Risk estimate (preferably absolute risk)
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Assessing Athero-Thrombotic Risk in HIV
CVD Risk Scoring in General: Why, What, and How

• Primer on absolute risk vs. relative risk – why absolute risk 
matters in risk scoring

• Statin therapy reduces ASCVD risk (relative risk reduction) by 
1/3rd across most groups studied (…still awaiting large HIV data)

•Why absolute risk matters – examples I see in clinic
- 55 year old with 3% risk for ASCVD in next 10y à statin reduces to 2%. So 

adding statin gives 1/100 chance of preventing ASCVD over next 10y
- vs. 55 year old with 30% risk for ASCVD in next 10y à statin reduces to 20%. 

So adding statin gives 1/10 chance of preventing ASCVD over next 10y
- With ~5% chance of side effects, easier to justify absolute risk reduction of 

10% (net clinical benefit of 10-5=5%) than 1% à starting for higher risk ppl

@MattFeinsteinMD



Assessing Athero-Thrombotic Risk in HIV
CVD Risk Scoring in General: Why, What, and How

• Primer on absolute risk vs. relative risk – why absolute risk 
matters in risk scoring

• Statin therapy reduces ASCVD risk (relative risk reduction) by 
1/3rd across most groups studied (…still awaiting large HIV data)

•Why absolute risk matters – examples I see in clinic
- 55 year old with 3% risk for ASCVD in next 10y à statin reduces to 2%. So 

adding statin gives 1/100 chance of preventing ASCVD over next 10y
- vs. 55 year old with 30% risk for ASCVD in next 10y à statin reduces to 20%. 

So adding statin gives 1/10 chance of preventing ASCVD over next 10y
- With ~5% chance of side effects, easier to justify absolute risk reduction of 

10% (net clinical benefit of 10-5=5%) than 1% à starting for higher risk ppl

Q: So how do these risk prediction models 
perform in HIV? 

A: Not very well! 
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Assessing Athero-Thrombotic Risk in HIV
CNICS: Under-prediction (especially for Black men & women)

Feinstein MJ, et al. JAMA Cardiology. 2017;2:155-162.

Harrell’s C = 0.76
GND =  6.4 (P=.50)
Slope = 0.857
Intercept = 0.009

Harrell’s C = 0.64
GND =  12.9 (<0.01)
Slope = 0.442
Intercept = 0.012

Harrell’s C = 0.74
GND =  10.3 (.24)
Slope = 0.589
Intercept = 0.046

Harrell’s C = 0.74
GND =  8.0 (.24)
Slope = 0.553
Intercept = 0.077
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Assessing Athero-Thrombotic Risk in HIV
Partners: Consistent under-prediction

Triant VA et al. Circulation 2018;137(19):2203-2214.
@MattFeinsteinMD



Athero-thrombosis in HIV: State of the science

1. Myocardial infarctions result from athero- and –thrombosis

2. HIV on ART: ↑ athero and ↑ thrombosis

3. Mechanisms are reasonably well understood. Important 
remaining questions relate to which interventions on HIV-
associated immune activation, atherogenic dyslipidemia, 
and thrombosis will have the optimal net benefit (benefit >> 
harm) and in which specific risk strata/populations these 
benefits will be greatest

Review of pathophysiology and risk stratification
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Intervening on Athero-Thrombosis in HIV
Endpoint-driven trials of lipid-lowering therapy in HIV

P: 40 HIV+ with subclinical 
atherosclerosis and 
arterial (aortic) 
inflammation on FDG-PET

I/C: Atorvastatin 20à40 
mg vs. placebo

O: Arterial inflammation 
(FDG-PET) and coronary 
plaque (CT)

T: 12 months

12m change in noncalcified plaque volume 
for atorvastatin (n=19) vs. placebo (n=21)

+ lower LDL-c, Lp-PLA2
+ few SAEs (2 in atorva, 1 placebo), none leading to 
study d/c (6 muscle sx atorva, 5 placebo)
- no significant difference in Ao inflammation

Lo J et al. Lancet HIV. 2015;2(2):e52-e63. 
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Intervening on Athero-Thrombosis in HIV
Endpoint-driven trials of lipid-lowering therapy in HIV: REPRIEVE

Slide courtesy of Steven Grinspoon
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Intervening on Athero-Thrombosis in HIV
Endpoint-driven trials of lipid-lowering therapy in HIV: REPRIEVE

Fichtenbaum CJ, … Grinspoon SK on behalf of the REPRIEVE Investigators. J Infect Dis. 2020;222(S1):S8-19.
@MattFeinsteinMD



Intervening on Athero-Thrombosis in HIV
Endpoint-driven trials of lipid-lowering therapy in HIV: REPRIEVE

Fichtenbaum CJ, … Grinspoon SK on behalf of the REPRIEVE Investigators. J Infect Dis. 2020;222(S1):S8-19.
@MattFeinsteinMD



Feinstein MJ et al. Characteristics, prevention, and Management of CVD in People Living with HIV: A 
Scientific Statement from the American Heart Association. Circulation 2019;140(2):e98-e124.

Intervening on Athero-Thrombosis in HIV
Interim clinical approach, in absence of robust RCT data
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Feinstein MJ et al. Characteristics, prevention, and Management of CVD in People Living with HIV: A 
Scientific Statement from the American Heart Association. Circulation 2019;140(2):e98-e124.

Intervening on Athero-Thrombosis in HIV
Interim clinical approach, in absence of robust RCT data
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Feinstein MJ et al. Characteristics, prevention, and Management of CVD in People Living with HIV: A 
Scientific Statement from the American Heart Association. Circulation 2019;140(2):e98-e124.

Intervening on Athero-Thrombosis in HIV
Interim clinical approach, in absence of robust RCT data
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What about thrombosis? 

- Limited data on antiplatelet meds in HIV; some trials 
(ACTG A5331) suggest less antiplatelet effect than 
would expect from the general population, no anti-
inflammatory effect

- Aspirin for primary prevention remains a moving target 
in the general population

- My interim approach: risk/benefit in context of likely 
absolute risk for clot (MI/stroke) vs. bleed. Transparent 
discussion with patients

O’Brien MP et al. Open Forum Infect Dis 2017;4(1):ofw278.
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HIV and heart failure

Overview of proposed pathophysiology, future directions



Myocardial Dysfunction & HF in HIV
Intermediate/subclinical manifestations underlying 1.5-2x inc. HF risk in HIV

- Women with HIV (n=19) vs. HIV- control 
women (n=14): more fibrosis and diastolic 
dysfunction on cardiac MRI (CMR).

- Monocyte activation markers a/w fibrosis 
and worse diastolic function

Zanni MV et al. J Infect Dis 2020;8:1315-1320

- Myocardial fibrosis (on CMR) more common for HIV+ vs. HIV- healthy subjects
Holloway CJ et al. Circulation 2013;128:814-822

- Myocardial lipid/steatosis and fibrosis on CMR à dysfunction in HIV
Thiara DK et al. J Infect Dis 2015;212:1544-1551

- HIV+ have higher prevalence of diastolic dysfunction and LV mass index vs. controls
Hsue PY et al. Circ Heart Fail 2010;3(1):312-319.

- HIV+ with CAD/MI have 2x extent of ischemia/MI-
related scar, lower LVEF (36% vs. 49%) post-MI  
compared with HIV-

Feinstein MJ et al. J Am Coll Cardiol 2016; 68:2026-7
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Myocardial Dysfunction & HF in HIV

HEART 
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& IMPAIRED 
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Proposed mechanisms – in need of investigation!

Feinstein MJ et al. Characteristics, prevention, and Management of CVD in People Living with HIV: A 

Scientific Statement from the American Heart Association. Circulation 2019;140(2):e98-e124.
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Myocardial Dysfunction & HF in HIV
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Proposed mechanisms – in need of investigation!

R01 HL154862
Myocardial Vulnerability to 

Ischemia-Induced Dysfunction 
and Heart Failure: The Impact 
of HIV/SIV, ART, and Targeted 

Immunotherapy
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HIV, Myocardial Dysfunction, and HF
Myocardial Vulnerability to Ischemia: Role of Tregs

•Tregs:
- Reduce infarct size, attenuate adverse remodeling by:

Tang TT, et al. Bas Res Cardiol. 2012;107:332.
Meng X, et al. Nat Rev Cardiol. 2016;13:167-179. 
Hofmann U, et al. Circulation Research. 2015;116:354-367.

TREG

↑ Peri-infarct neovascularization
↓ Pro-inflammatory cytokine expression
↓ Pro-inflammatory immune cell infiltration
↓ Excessive matrix degradation

1. Imbalance between immune activation/inflammation and resolution thereof drives 
adverse cardiac remodeling and HF after MI in general

2. Guiding hypothesis: Abnormal immune responses/impaired inflammation resolution 
drive harmful, tissue-damaging responses to ischemia and MI in HIV

3. People with HIV have more cardiac damage and dysfunction after MI than non-HIV
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↑ Peri-infarct neovascularization
↓ Pro-inflammatory cytokine expression
↓ Pro-inflammatory immune cell infiltration
↓ Excessive matrix degradation

1. Imbalance between immune activation/inflammation and resolution thereof drives 
adverse cardiac remodeling and HF after MI in general

2. Guiding hypothesis: Abnormal immune responses/impaired inflammation resolution 
drive harmful, tissue-damaging responses to ischemia and MI in HIV

3. People with HIV have more cardiac damage and dysfunction after MI than non-HIV
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HIV, Myocardial Dysfunction, and HF
Myocardial Vulnerability to Ischemia in HIV

1. Imbalance between immune activation/inflammation and resolution thereof drives 
adverse cardiac remodeling and HF after MI in general

2. Guiding hypothesis: Abnormal immune responses/impaired inflammation resolution 
drive harmful, tissue-damaging responses to ischemia and MI in HIV

3. People with HIV have more cardiac damage and dysfunction after MI than non-HIV

NMEDW: Compare Infarct-associated LGE on CMRI for 
HIV+ vs. HIV- controls (matched on risk, CAD)

Feinstein MJ et al. J Am Coll Cardiol. 2016;68(18):2026-7.
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HIV, Myocardial Dysfunction, and HF
Myocardial Vulnerability to Ischemia in HIV

1. Imbalance between immune activation/inflammation and resolution thereof drives 
adverse cardiac remodeling and HF after MI in general

2. Guiding hypothesis: Abnormal immune responses/impaired inflammation resolution 
drive harmful, tissue-damaging responses to ischemia and MI in HIV

3. People with HIV have more cardiac damage and dysfunction after MI than non-HIV

NMEDW: Compare Infarct-associated LGE on CMRI for 
HIV+ vs. HIV- controls (matched on risk, CAD)

Feinstein MJ et al. J Am Coll Cardiol. 2016;68(18):2026-7.

HIV+: 2x 
infarct-

associated 
scar vs. HIV-!
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HIV, Myocardial Dysfunction, and HF
Myocardial Vulnerability to Ischemia in HIV

1. Imbalance between immune activation/inflammation and resolution thereof drives 
adverse cardiac remodeling and HF after MI in general

2. Guiding hypothesis: Abnormal immune responses/impaired inflammation resolution 
drive harmful, tissue-damaging responses to ischemia and MI in HIV

3. People with HIV have more cardiac damage and dysfunction after MI than non-HIV
Proposed Model

Sinha A and Feinstein MJ. Prog Cardiovasc Dis 2020;63(2):134-141.
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Myocardial Dysfunction & HF in HIV
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Feinstein MJ et al. Characteristics, prevention, and Management of CVD in People Living with HIV: A 

Scientific Statement from the American Heart Association. Circulation 2019;140(2):e98-e124.

R01 HL156792
Immunologic, Inflammatory, and 
Clinical Contributors to HFpEF 

in HIV (pending 10/2020)

Proposed mechanisms needing investigation (and discussion at later date!)

R01 HL154862
Myocardial Vulnerability to 

Ischemia-Induced Dysfunction 
and Heart Failure: The Impact 
of HIV/SIV, ART, and Targeted 

Immunotherapy
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Immune Dysregulation & HFpEF: HIV as Model
R01 HL156792: Immunologic, Inflammatory, Clinical Contributors to HIV-HFpEF

Premise: HFpEF as a multi-hit phenomenon marked by adverse immune 
responses to local and systemic stressors 
(supporting data: observational studies in humans & animal immune cell KO/adoptive transfer models)

Laroumanie F et al Circulation 2014; 129(21):2111-24;  Winterberg PD et al J Am Soc Nephrol 2019;  
Anzai et al J Exp Med 2019;216(2):369-83;  Tang TT et al Basic Res Cardiol 2012;107(1):232;  
Vdovenko D et al J Immunol Res 2018:4396351;  Shah SJ et al Circulation 2015;131(3):269-79. 

In general, immune 
effector functions 
contribute to HFpEF via:
1. Inflammatory response 

to comorbid dx’s
2. Cellular infiltration of 

heart & tissues
3. Endothelial 

permeability
4. Fibrosis/collagen dep.
5. Cardiomyocyte 

hypertrophy
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Immune Dysregulation & HFpEF: HIV as Model
R01 HL156792: Immunologic, Inflammatory, Clinical Contributors to HIV-HFpEF

Premise: HFpEF as a multi-hit phenomenon marked by adverse immune 
responses to local and systemic stressors 
(supporting data: observational studies in humans & animal immune cell KO/adoptive transfer models)

Laroumanie F et al Circulation 2014; 129(21):2111-24;  Winterberg PD et al J Am Soc Nephrol 2019;  
Anzai et al J Exp Med 2019;216(2):369-83;  Tang TT et al Basic Res Cardiol 2012;107(1):232;  
Vdovenko D et al J Immunol Res 2018:4396351;  Shah SJ et al Circulation 2015;131(3):269-79. 

In general, immune 
effector functions 
contribute to HFpEF via:
1. Inflammatory response 

to comorbid dx’s
2. Cellular infiltration of 

heart & tissues
3. Endothelial 

permeability
4. Fibrosis/collagen dep.
5. Cardiomyocyte 

hypertrophy

Central Hypothesis of HFpEF in HIV: 

Chronic, persistent immune activation in ART-treated 
people with HIV interacts with “second hit” clinical 

comorbidities to drive HFpEF pathogenesis

Plan: Leverage large, diverse US HIV cohort (N>35,000) with 
linked bio-samples to determine clinical, immunologic, & 
inflammatory contributors to HIV-HFpEF à dx/tx targets
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Immune Dysregulation & HFpEF: HIV as Model
R01 HL156792: Immunologic, Inflammatory, Clinical Contributors to HIV-HFpEF

• Aim 1 (Clinical/Epi)
- H1: HIV+ with time-updated CD4 count <500 cells/mm3

and/or CD4/CD8 ratio <0.8 (impaired immune recovery) 

+ 2nd traditional comorbidity “hits” à↑↑ HFpEF

• Aim 2 (Inflammatory biomarkers àHFpEF)
- H2: HIV+ with incident HFpEF (vs. HFpEF-): ↑↑ mono. 

trafficking, endothelial transmigration, and fibroblast 

senescence, as well as impaired regulatory T cell activity. 

• Aim 3 (Immune response/gene expression)
- H3: Circulating immune cells of HIV+ with incident HFpEF 

highly express genes encoding for pro-inflammatory 

proteins before HFpEF onset 

• Aim 4 (Myocardial tissue validation)
- Explore single-cell immune landscapes of peripheral 

blood and fresh frozen postmortem myocardial tissue 

from HIV+ with vs. without HFpEF

Clinical &  Epi 
drivers, underlying 
etiologies of HIV-

HFpEF

N=35,727 HIV+
(+plasma/PBMCs)
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Immune Dysregulation & HFpEF: HIV as Model
R01 HL156792: Immunologic, Inflammatory, Clinical Contributors to HIV-HFpEF

• Aim 1 (Clinical/Epi)
- H1: HIV+ with time-updated CD4 count <500 cells/mm3

and/or CD4/CD8 ratio <0.8 (impaired immune recovery) 

+ 2nd traditional comorbidity “hits” à↑↑ HFpEF

• Aim 2 (Inflammatory biomarkers àHFpEF)
- H2: HIV+ with incident HFpEF (vs. HFpEF-): ↑↑ mono. 

trafficking, endothelial transmigration, and fibroblast 

senescence, as well as impaired regulatory T cell activity. 

• Aim 3 (Immune response/gene expression)
- H3: Circulating immune cells of HIV+ with incident HFpEF 

highly express genes encoding for pro-inflammatory 

proteins before HFpEF onset 

• Aim 4 (Myocardial tissue validation)
- Explore single-cell immune landscapes of peripheral 

blood and fresh frozen postmortem myocardial tissue 

from HIV+ with vs. without HFpEF

N=35,727 HIV+
(+plasma/PBMCs)

Circulating markers 
prior to HFpEF 

(HFpEF+ vs. HFpEF-): 
Pathway enrichmt., 

co-expression

Legend. (A) Weighted co-expression network of circulating biomarkers based on 
hierarchical clustering of the topological overlap matrix (TOM)-based dissimilarity 
measure. Node size represents biomarker connectivity within modules, edge 
thickness and transparency represent weighted co-expression between biomarkers 
(e.g., correlation). (B) Significant, non-redundant overrepresented pathways (from 
gene ontology biological processes, Kyoto Encyclopedia of Genes, and Reactome). 
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Immune Dysregulation & HFpEF: HIV as Model
R01 HL156792: Immunologic, Inflammatory, Clinical Contributors to HIV-HFpEF

• Aim 1 (Clinical/Epi)
- H1: HIV+ with time-updated CD4 count <500 cells/mm3

and/or CD4/CD8 ratio <0.8 (impaired immune recovery) 

+ 2nd traditional comorbidity “hits” à↑↑ HFpEF

• Aim 2 (Inflammatory biomarkers àHFpEF)
- H2: HIV+ with incident HFpEF (vs. HFpEF-): ↑↑ mono. 

trafficking, endothelial transmigration, and fibroblast 

senescence, as well as impaired regulatory T cell activity. 

• Aim 3 (Immune response/gene expression)
- H3: Circulating immune cells of HIV+ with incident HFpEF 

highly express genes encoding for pro-inflammatory 

proteins before HFpEF onset 

• Aim 4 (Myocardial tissue validation)
- Explore single-cell immune landscapes of peripheral 

blood and fresh frozen postmortem myocardial tissue 

from HIV+ with vs. without HFpEF

N=35,727 HIV+
(+plasma/PBMCs)

Cellular-level 
drivers prior to 

HFpEF: Immune 
cell gene exp. 
(scRNA-seq) & 

proteins encoded
1. Rhapsody-derived 

cell subtypes
3. Monocyte CCR3 
Expression UMAP

2. Heatmap of 
Surface Markers
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Immune Dysregulation & HFpEF: HIV as Model
R01 HL156792: Immunologic, Inflammatory, Clinical Contributors to HIV-HFpEF

• Aim 1 (Clinical/Epi)
- H1: HIV+ with time-updated CD4 count <500 cells/mm3

and/or CD4/CD8 ratio <0.8 (impaired immune recovery) 

+ 2nd traditional comorbidity “hits” à↑↑ HFpEF

• Aim 2 (Inflammatory biomarkers àHFpEF)
- H2: HIV+ with incident HFpEF (vs. HFpEF-): ↑↑ mono. 

trafficking, endothelial transmigration, and fibroblast 

senescence, as well as impaired regulatory T cell activity. 

• Aim 3 (Immune response/gene expression)
- H3: Circulating immune cells of HIV+ with incident HFpEF 

highly express genes encoding for pro-inflammatory 

proteins before HFpEF onset 

• Aim 4 (Myocardial tissue validation)
- Explore single-cell immune landscapes of peripheral 

blood and fresh frozen postmortem myocardial tissue 

from HIV+ with vs. without HFpEF

N=35,727 HIV+
(+plasma/PBMCs)

Tissue validation 
(NM): sc-landscape 

of blood & 
myocardium in 

HIV+/- & HFpEF +/-
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State of the science and 
practical points
HIV and CVD: What we know and need to know



Conceptual Model: HIV, Inflammation, and CVD

•Who: the host (susceptibility, comorbidity)

- Comorbidities, traditional risk factors in HIV (smoking) à CVD

- Aging of HIV population

•What/how: immune landscape/effectors driving inflammatory 

response and resolution

- HIV: CD4 lymphopenia as major predictor of CVD; relative risk not all that 

elevated for people without sustained viremia or immune prog.

• Informative for CVD risk stratification: HIV-related risk enhancers

- Potential relevance to other conditions: T cell regulatory balance in CVD 

pathogenesis. Myocardial dysfunction (incl. ICI myocarditis)

•Where: Systemic and tissue-level responses

- HIV and Athero-thrombosis: at the vascular endothelium, dynamic interplay 

determining plaque stability/rupture and thrombosis/thrombo-resolution

- HIV and HF: vascular and non-vascular (direct myocardial damage)
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Conceptual Model: HIV, Inflammation, and CVD

•When: Early/innate/acute vs. later/adaptive/subacute
- HIV: viremia and lymphopenia (often in early, uncontrolled HIV) à CVD 

- Different approaches during different “vulnerable periods”? Role for 

immuno-regulation/suppressive tx post-MI and/or during periods of 

extensive myocardial immune cell infiltration?

•Why: Antigens or antigen-like triggers
- HIV: Co-infections and re-activation (e.g. CMV) as potential drivers of 

immune exhaustion, biasing toward less regulatory phenotypes

- Non-infectious “antigens” and immune response to these highlight 

importance of immunity in many aspects of CVD (ASCVD, cardiomyopathy)
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Where are we now
HIV and CVD: Final practical points

•↑ CVD (MI, HF) after adj. for traditional risk factors

• T cell imbalance/phenotypic shift à ↑ Risk

• Gaps for HIV-ASCVD: RCTs, implementation (mechanisms 
reasonably well understood)

• Gaps for HIV-HF: More; need mechanistic understanding
- HIV-HF ongoing & future studies: May be valuable model for 

interaction of immune dysreg. with traditional risk factors, 
ischemia in multi-hit model of HF and HFpEF
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